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Using Fourier Transform Near-Infrared Spectroscopy for the Evaluation
and Regional Analysis of Pea( Pisum sativum L. )

WANG Jiao-jiao,LIU Hao,REN Gui-xing
(Institute of Crop Sciences ,Chinese Academy of Agricultural Sciences , Beijing 100081 )

Abstract ; Pea( Pisum sativum L. )is an important edible legume. Feasibility of the Fourier Transform Near-In-
frared Spectroscopy ( FT-NIRS) on estimating quality traits in pea was evaluated in current study. A total of 190 pea
accessions involved with their protein, starch , 0il ,and total polyphenol content were chemically analyzed. After obtai-
ning spectra of the samples in milled powder and intact seed forms, partial least squares( PLS) regression was ap-
plied for model development. Models of powder were generally superior to models in intact seed. The optimal models
were powder-based for protein and starch with residual predictive deviation( RPD) of 5. 88 and 5. 82 as well as coef-
ficients of correlation (7*) of 0. 99 and 0. 99, respectively. High values of correlation coefficient (1) revealed that
models had good predictive capacities for rapid germplasm analysis of pea. To explore the relationship between qual-
ity traits and producing regions, 150 pea varieties with specific information were analyzed by two-step cluster analy-
sis. Three distinct groupings were obtained with obvious features. Group 1 was in low protein content. Group 2 was in
high total polyphenol content. Group 3 was in high protein, starch, and oil content. The nutrition contents were af-
fected by longitude ,latitude ,and altitude of planting location as well as seeding date. These results could provide re-
liable information for the collection of excellent germplasm resources with good quality traits.
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ITLL A3 (NIRS, near infrared spectroscopy )
AR CEN i 5 2 A LA G 1, 7%
828 AL RHINR 22 25 bR ASTM #L5E , NIRS 76 il 2
4T 780 ~2526 nm (12820 ~ 3959/ cm ) Z [a] it HL %
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A2 AR X — T DX AT AT e A5 A i sl WA, I 5
TN [ 5 AT 7 A 0 S 7 R AT e ) 457 5 R B2 - 1Y
5 MG Lambert-Beer 22, WSO TERF 1 BEARE &
B3 L BRI Z5 74 A5 Ak, DTG S5 IR & 2 A4k
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i SRIRAE AT 24T AN £ AR X K 2 7ok
KAy R FER AT R, PN IR
ST LT AP R I R AR &, AR
HRZE LTINS B2 S H AR X 17 FiEY 7240
O3 BT BE IR Y 3 EE SR B A T S VAN, 2R
RS P ST AR B 2T AR A, 45 A e/ — e
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L1 {3eH # e mAb 12

B 190 13 BEELA TR 1 5000 B3 I
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Table 1 Origin information of pea ( Pisum sativum L. )
germplasm resources

Hi X Region 1345 No. || HBIX Region 15351 No.

il Gansu 22 1175 Shanxi 3

4t Hebei 12 PEE Tibet 32

T3 Jiangsu 4 ¥ Qinghai 1

MZEH Innermengolia 2 K Chongging 18

T H Ningxia 21 P91 Sichuan 21

PP Shaanxi 14 HAlh Others 40
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28 KBS IS Ay, 3 60 7 5 0255 T3 11 R4S
H T AR BT SR R LA GIE A
1.2 UESWAEEEENS
1.2.1 EHREE KRHRWATAFRAE NY/T 3-
1982 (42 L RAEW AT HLEE 1 BN k-2 il ot
ALIGHE ), A -A M5B 25 5.70, i H
F0SS2300 #14> [ 3l AL (FHE MR -RAEA A
I E
1.2.2 EMEENE RHRLATEARHE NY/T
11-1985 (A4 F RO YE Ry 2 2% ) , (8 FH WZZ-1S %%
S BEN M (B A AR ) M
1.2.3 EEFEENE XHEZRRE GB/T 5512-
2008 (ARTMAS I KR P ORELAR 7 o 0 ) PR [C
PRI
1.2.4 BEMEENE %Y. Yao FEHET
fi2 (gallic acid) —HaMIRF 28 A0 G B i A7, AR
PSP DL A Bl sl AR O B T R bR o
11. 60 mg, iNZEIH/KEZZE 100 mL, A% 116 pg/ml
) £ R, W B3R 48 FH 2 mL .3 mL 4 mL.5 mL .
6 mL.7 mL.8 mL 10 mL INZEH/KMREE 10 mL, 15
4 ImL 43 3% 23.2 pg.34.8 pg.46.4 pg.
58.0 pg.69.6 wug.81.2 pg.92.8 wg . 116.0 pg %
TR bR S TV TR IR 1 mL L3R5 o O %
W, il 1 mL Folin-Ciocalten (1 mol/L) 4, 57 " yilll
Na,CO, (1 mol/L) ¥ 3 mL, & E A 15 min, &V
WHZEBKERZE 10 mL, 121, A 1 mL 2848 K 1R
EHRIE S VA TR TR EVE 28 1, 7E 765 nm P AL
T IR ' B AR 5 DA O B2 SR AR A, R JEE g/ mL)
R AR AR 2 il AR E T 2 [B1H T 72 h y = 86. 002x
+9.4282 (1 =0.9998) ; FRHL 1 g HE il O 2
0.001g) BT EL.LAE Y, B LE 1:20 A 80% £ B%-
JKIEW ,10 mL 6 mol/L HCI,80 mg FiIh IR, 45 WK
72 CKIBIRTAHEE 2.5 h,5000 r/min 50210 min,
WL 80% £ BE-7K IS WRAE 45 % 30 mL il 75 41t
R, 5 7 g Andr e i 2 ) 45, 25 1R 80% 2
B KPS, BT R F IR A ofE i I T v [ 28 A=
Wi & Kz %€ T, Folin-Ciocalten 12 5] 4 F Sigma 2
A, JCK B TEoK e i B B FE AR 1 2 43 B 4
AL AL T, B2 as R LA e TR h
AR E TR Z W (mg/g) TR,

T JERY R Ak 20 e 25 SR 38 LU 3
HAr BRI,
1.3 RTSMEIEHERERERIE T

1.3.1 BRFMFHERPEELERE KEX

F#E Bruker /A H 1) Matrix-T #3725 4 30 21 4
TG AT . HF 30 g 250 B L TR R T A
250 mm RBEFEHE LI P, 7E 4000 ~ 12500/ cm (800
~2500 nm) 3% X B N4 64 UK, 73 HERICE N
16/ cm SRAERE G OGS, R 1 50 IRAE kL B2
2553 DTS RS | B RE i E SRR 3 1K,
DATEBRALRE J/IN (1 S PEAS — 30055 R R X3 1 5%
Wi, 7] Bruker 23 7] OPUS 6.5 3 21 5Mib B4R 431
BOPEDGHE , FEM RO R E S AOLIE R
LT
1L.3.2 ESMEBBEISSMHA KR4 (190
03) i 4: 1 B L1 53 R I AR FIRS B0 4 o >R FH i i
/N (PLS) A Sy T B I Ak A T 2 T i
A Bruker 22 7] OPUS 6.5 & fit 53 7 544 X 75 14
1.3 1 AP rRAE AR IE SRR Al I 5 071 1. 2
AR AR ARSI AR [R)RE i A BT Tk R DT AL 22
Wy i AT OCIK M) is B T ME AR AL,
I3 BT RATE X BT A TE AR Y R AT T £L A3 Ak B
T IXERE AR SRR S DL LA ST B S Ak
b BHL e) A TE AR AL i ARG 6 B G AT R 0
30 B B PN OxF B A F50I0 5 A TR A o i Oy i
1.2 A5 09 Ak fE R A7 AH OGP 23 A 96 3E , LA 30 28
BBl i $000 68 o 0 IZ B B 3L £ 41 OPTI-
MIZE A ShCAL RE DL 1 1 DX FE A& 4 T4k BE D7
A, F S RS 1 0 v ] Y S R
XF PP A AT N AR 28 SCSUE AR B I, M
PRI AT B )7 vk OGS X G B IL e B2 . AR
PEAMIR I E B AR OC R KL () ARSI TR E R A
(R7) SE X UEYEE R B (RY) U 2 7 A i 22
(RMSEP, root mean square error of prediction) |38 X
BUEI AR 12 2% (RMSECV , root mean square error of
cross validation) | 5% 4% T f 22 ( RPD, residual pre-
dictive deviation) FI14EBE (rank ) SE48 b € S LR E
BEAY P28 L IR0 AN A2 0 5 (E R A5 P i
ZPPHr A A AR
1.4 RESH

ISR 190 435 2 5 b e £ H A W6 7 b
5 ELIRE AL 150 By, B SPSS 13,0 %di b LR 5t
B A 243 BT (two-step cluster analysis ) ¥, DL X}
BUBLIR R B0 B 325 ( log-likelihood ) S B A 4 , L
DU 87 #5 #E ( BCI, Schwarz’s Bayesian Criterion ) A
I E IS B HE I e BRI S B M AR
(6] 7 2t 1) A4 S AT 40 B, 20 B A B S SRR 21
RS
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1.5 BEMERA MBS B H AR R
A

B9 D e B AR B A TR T 4 A ) 4 [ L IX
vl (http://www. agri. com. cn/host/province/china.
htm ) BRI, S 1 T GETH A &1, Kl 2 A s 28
S B k], B AR AR B b O
Bz B E R = O i it
1.6 #HEsbE

i SPSS 13. 0 K 4 B R G AT Pearson A
KRG (2-tailed ) o R 57 REA 2 {H 25 S LA

&2

B (t-test) FEAT R Tl 40 22 5 00 B, 7 4B ¢ KB (sti-
duent’s t-test) FlI-R 77 ( chi-square test) . 3 PG 55 FH
FRAA AT,

2 FHRE5HMH

2.1 EAREW EHMESHMESEREMEXN
2.1.1 EEHRVEB.EHFMSZHMESE 190 7
E TSR L SV N [ NS A iR e
MEEGITE R IR 2,

REEAROEM JEHMESHIBRNUFRNEITER

Table 2 Statistics results of protein,starch,oil,and total polyphenol contents in pea determined by chemical methods

fBHEIR Quality traits YMH + brifE2E Mean + SD

ARREZRELCV WEE Skewness &% Kurtosis

AR IF Range

HEH (% ) Protein 25.19 +2.04
VEHS (% ) Starch 51.31+3.44
i (%) 0il 1.33 £0.48
BZ W (mg/g) Total polyphenol 1.91 +£0.45

19. 85 ~30.25 0. 08 -0.01 -0.16

33.13 ~57.10 0.07 -2.06 8. 69
0.49 ~2.62 0.36 0.47 -0.23
0.83 ~3.45 0.24 0.43 0.31

A 2 AT UL g LA B E R T4 i 51.31% +
3.44% | ZSHEAE 33.13% ~57. 10% ; & 1 5 F 2 &
25.19% +2.04% ,FMRAE 19. 85% ~30.25% ; g
i3 & & 1.33% +0.48% , 25 @ 7E 0.49% ~
2.62% ; M & 1.91 0. 45 mg/g, A IRAE
0.83 ~3.45 mg/g, MW G FP o 32225 PR 19 A8
SF, BRI S BRERK(CV=0.36), 225
WZ(CV=0.24) BB FTER & 272 FB/h(CV
{HA374 0. 08 F10.07) , B 2 5T 3 2 BT AR 1)
Pl eE D 25 R 5 SCHERIT 9T 4 1 B R S i
(20.0% ~24.9% ) JEK 7% & (28.70% ~ 58.69% )

B & (1.00% ~2.70% ) i Z W & & (1.83 ~
4.60 mg/g) L5 RIEAR—F =2

SR A 2 e 8 T 7, A E N R L S
— 5035 I B 2 BT 32 BRI bR o, LA
4 TGk 5T 1 - I S AR E 22 (o £5) Mo RAR
P, 075 1 18 B P A R 0 27, 23% 1A B SRR 31
By, HZ R R 16. 34% 5 0 6 Y VE R & B
54. 8% MBI 16 4y, i S XA FTY 8. 42% ; i
e G A 1. 819% My B S A 29 4y, 5 S
WA A 15.26% ; O 2k R 2 B S =R T
1.46 mg/g B i & Fh BT 39 1y, & 2 AW
20.5% , DABESIANBUEE R TER IS e B
S22 R BARAE Ut R 9 R BT Y O e K, 3
JIE e k22 W 5 A P AR A DI R R i T A SR B
SR AR T Ve B R e TR 2 I AR

(5 1 88 . G0005559 (2K 11 & 28. 82% | E B
54.87% , i Z W 1. 40 mg/g) MBI E G0005579 (&
)5 28.25% JEW 54.97% %Wy 1.28 mg/g) , i
Ve AR BT R D5 O iR R 2 W iR R
i 1% 7. GO005571 (1 27. 64% g 2.24% |
B2 1.37 mg/g) , ik A SR B 22 By i
T P BT B 2 G0004550 (25 H it 27. 44% 5 2 1
2.54 mg/g) , ik tH V€K R0 I e A HL B 2 By
B BAR B Fh R B . G0005457 (TEHS 55.31% 5
5 1. 86% 2 1. 02 mg/g) , LA K2 G Wi 1 i 42 Ty
Y1 i B A R 86 T GO004303 (BT 2. 11% | £ 1
3.45 mg/g) ,/NERBE G005401 ( Il 2. 16% | i 2 By
3.19 mg/g) MEBIE G0005403 (G 1.85% %
By 3. 15 mg/g) %5,
2.1.2 EARVEM. EHRMESSHESEEANEX
M ORE S BEIR A R A T A R (R 3) &
BLEAR G ESER S &2 EFERHE(P<
0.01), WM &5 82 a2k EE X
(P <0.01) , HoAth it BT MR R AH SCHE AR 125 (P >
0.05),
2.2 @EERMERERNESL RUERSH

AT S T R O ] (A
1) AU 5 52 B 104 A9 AR o R R i 1 3 A
oI, R B & B0 G 21 A i A R RS 7R 4200/em
4600/ cm 5200/ cm 5500/ c¢m 6900/ cm , 8300/ cm I
Brrp a5 B 6 AN i i fic i
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Table 3 Correlation of contents of protein, starch, oil, and

total polyphenol in pea

fEHEIR Quality traits LB Protein  JEH) Starch gl 0il
JEH Starch -0.34* — —
R Ol 0.05 -0.03 —
KLZ B Total polyphenol 0. 04 -0.25" -0.05

* L TE 0. 05 K- B A T 7R 0. 01 K B WA,
TR
* ;Correlation is significant at the 0. 05 level (2-tailed) , ™ : Correlation

is significant at the 0. 01 level (2-tailed) . The same as below

UTLLAMETE AL [ S BR e s SRUE, e
AT T RSB E bR R IR SR A, BEE
ot JEOATS A A A s 2 B RO AR SE B £ IR B £
MBEREGETT RO 4 8 b A 56 48 Kt 20 1
AL B R B IR ) A TR i 3
BOR, S A 5 HoA B i AR A5 B
AL E L5

ABIE TN 27 R0 E B -5 3R 1L il
FA OPUS 6. 5, ilid H 3Ltk H A9 A ] iy Bk

0.7r 1.81

0.6+ 1.61
2 Wi Ay K Pea powder samples a Wi 5. -HiPea intact seeds
205 £ 4l
3 g 1.
(5] L
g 041 § 12F
5031 210t
<02t <
3 308
o1 =
= =0.67

0.0r

—0.1} 041
0.2 L

Il Il Il Il Il
12000 10000 8000 6000 4000

Il Il Il Il
12000 10000 8000 6000 4000

% (/em ) Wavenumber

E1

ERICR =S b e i TR UEA R b

Fig.1 Typical NIR spectra obtained from 190 pea in powder samples and intact seeds

x4

BEFEAREH EHESEHEIS PLS HE S

Table 4 Parameters of NIR PLS model of protein,starch,oil,and total polyphenol in pea

KRB il JBEPHER FEf AR Sample size F-HMH + ARUEZE Mean + SD ZF 1 Range

Sample status Quality traits Cal Val Cal Val Cal Val

MK % (% ) Protein 149 35 25.23+1.99  24.95%2.07 19.85~30.25 20.79 ~30.22

Milling powder  JE¥3 (% ) Starch 152 35 50.99 £3.63  51.39%2.75 33.13~57.10 44.58 ~56.89

&5 (% ) 0il 141 35 1.21 +0. 41 1.21+0.39  0.49 ~2.56 0.57 ~2.24

S Z B (mg/g) Total polyphenol 151 35 1.89 +0. 43 1.86+0.39  1.00~3.19 1.08 ~2. 66

SEHETRE FE 5 (% ) Protein 149 35 25.13+1.90 24.28 +2.16 19.87 ~30.25 20.79 ~30.13

Intact seed FEWS (% ) Starch 141 35 51.40 £2.75  51.32£2.57 36.55~57.10 44.58 ~56.89
N& Wi (% ) Oil 141 35 1.16 +0.37 1.26+0.36  0.55~2.56 0.58 ~2.17
S Z M (mg/g) Total polyphenol 141 35 1.86 +0. 38 1.87 £0.38  1.03 ~3.04 1.34 ~2.57

Cal: FEAREE ; Val K 045

Cal ; Calibration set, Val; Validation set
SR A AL B 5% T Y R, 5 RMSEP {H
(R R/ NI RRABE TR | 5 58] 4 57 30T 20 AR 1) S AR 45
(%£5),

B ST AR B Ak PLS (8] USSR 7 P 5 32
G UE ISR UE R S g A5 R LR 6, SR
B GRS AR SR A, NIRS 1] 345 R T 7ok
B Wi v 4 T O MR Y A A OC R B I HE
0. 94 LI, PEBAE SRS 50 FN A MHA 50 1 P R R,
I RLYIFE 0. 86 LA _E, RMSCV F1 RMSEP 3% 3] £ /]
B, e rboRs 2R R 1 5T R0 JE A AR A A A G R R (=
0.99,r* =0.99) FIE REL(R], =0.97 R}, =0.97)
B, HRE TR E R (F =0.97 R, =0. 94 ) FIE

¥(r» =0.95,R, =0.89) , Bi G MMM AR (r * =
0.95,R% =0.90) FIFHRL(r* =0.94,R2 =0. 88 ) Fi#l
FEAT MR AR A OE R B0 =0.94,7° =0.94) FlI
HesE BB (RS =0.87,R: =0.86) /i, i M AE
P R R A3 S R0 P 38 52 S I UE A A1 3 5631 9 RPD
HHERHE T 6, 3 Wiz A ELAG A # O R A T30 14 1
G500 o B, - B 5RO AR AR D R K A
22 Wy R R 1) PN 858 UG IE AN ERIAIE (9 RPD {E1E
3.0 ~4.0 Z[a], tnij B ik S0 Y HAT — 2 (1) 150 U
RE T, FhLEZ B Fy AN W AR i i RPD {H
TE 2.5 ~3.0 Z[a], i B 3 S 452480 14 FL il 58 77 Lb 4%
R,
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Table S Optimal conditions of NIR PLS models of pea varieties

FeEmE il JEE R RAOCIETE I (/em) PRA g b
Sample status Quality traits Wavenumber region Data pre-processing
¥R HEH (% ) Protein 6102 ~4242.8 2P A ME2 22 U875 Constant offset elimination
Milling powder ﬁ?l’ﬁ( % ) Starch 7506 ~5446. 3 S IH—: Multiplicative Scattering Correction
Jig 5 (% ) Oil 6804 ~6094. 3;454 ~4242. 8 /NI KIH—7% Min-Max normalization
B ZE (mg/g) Total polyphenol 7722 ~4242.8 T3 Ek Second derivative (17ps)
SERE TR % (% ) Protein 12489. 4 ~6078. 8 — B AL+ SR HUR IR
Intact seed 5592.8 ~4597.7 First derivative + MSC(17ps)
E*ﬁj\( % ) Starch 12265.7 ~7498. 3;6102 ~4597.7 LM M 2208 Constant offset elimination
N&W7 (%) 0il 8663. 1 ~7737.4;6595.7 ~5438.6  —Br' 34 + K& H—7% First derivative + SNV (17ps)
B Z B (mg/g) Total polyphenol 12489. 4 ~7498. 3,6102 ~4597.7 e PMEAMZE 2208 % Constant offset elimination

MSC ; ek U R IE ; SNV, K )0 — ik

MSC ; Multiplicative scattering correction, SNV ; Vector normalization

F6 BMEmRIERMBRMFRML PLS BRRE L NFBZ X WIEFSMBIIES T2
Table 6 Statistics of PLS regression in cross-validation and test set validation for quality traits by OPUS 6. 5

I —
FERIER TR WERM VTS PR
Cross validation Test set validation
Sample status Quality traits ? Rank
RZ. RMSCV RPD R, RMSEP RPD
AR FE R Protein 0.99 8 0.97 0. 341 5.83 0.97 0.351 5.88
Milling powder JEH Starch 0.99 10 0.97 0. 627 5.78 0.97 0.472 5.82
JIEW5 Oil 0.94 8 0. 86 0.152 2.68 0.87 0.136 2.86
[ Z 1 Total polyphenol 0.95 8 0. 89 0. 141 3.02 0. 90 0. 124 3.11
SEAE TR % M i Protein 0.97 7 0.94 0. 472 4.01 0.94 0.542 4.03
Intact seed TEM Starch 0.95 8 0. 89 0.930 2.95 0. 89 0. 867 3.07
JE W5 oil 0.94 7 0. 86 0.138 2.65 0.86 0.135 2.76
S Z 1} Total polyphenol 0.94 8 0.86 0. 141 2.70 0. 88 0.129 2.93
r* SMRSIEAR S R RE 3 SUHIERAE R R AR IE DR T R 4 RMSCV « 3 USSR IER Jy AR 22 s RMSEP : T 4% )5 M1 22 ; RPD « S A T
g 22

% ; Coefficient of correlation in test set validation ,RZC : Coefficient of determination of cross validation , R% ; Coefficient of determination of test set validation,

RMSCV : Root mean square error of cross validation, RPD; Residual predictive deviation, RMSEP : Root mean square error of prediction
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Fig.2 Optimized regression line in test set validation of PLS models for the quality traits of milling powder obtained by FT-NIRS



4 3] TR« B0 S AR U 2T AMEERY N e DX 22 S 43 A 785

3 36 E A& Protein & IEHs Starch o Rl oil @ 5.4 B} Total polyphenol

= = = =

s y=0.93x+1.78 2601 _0gox+s.18 25 y0.95x+0.03 g 3 y—0.88x+0.21

€ 3 R=094 g R*=0.89 20 Sss

3 5 % 3 g

2 2 215 j

& 25 T 50 - a2

—_ » —_ ~ 1.0 —_

£ * Eas H EQ’ 0.5 Sis

= = = =

= = 4 = =

B %5 20 25 30 35 = % 45 50 55 60 = 00 05 1 15 2 25 = b 15 2 25 3
{2l (%) Chemical value {k27{H (%) Chemical value ﬂﬂ—‘ffﬁ (%) Chemical value k{8 (mg/g) Chemical value

B3 BEMEERFRILLS PLS RAURESMNERIGIE [O])3 2%
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Table 7 Features of three groups of quality traits in pea varieties by two-step cluster analysis

JFiNE2N R BEHF(%) TEH (% ) B (% ) HZW(mg/g)
Quality traits Sample size Protein Starch 0il Total polyphenol
2B 1 Group 1 56 24.52 £1.46 52.67 £2.56 1.34 £0. 49 1.84 +£0.52
2 2 Group 2 55 25.30 £1.94 50.20 £2.72 1.34 +£0.52 1.93 +£0. 46
28 3 Group 3 39 26.81 £1.50 52.82 +£2.04 1.51 £0.29 1.74 £0. 37
AT Total 150 25.40 £1.93 51.84 £2.77 1.38 £0. 46 1.85 +0. 47
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XIS R (R U E R IR B 2 m) BEM B MR SR IR S R (26.81% £1.50%,
FRUEMRZZ RO A2 S0 268 | R G M A 52.82% +2.04% ,1.51% +0.29% ) L& &
HF S IR SRR (24.52% +£1.46% ,1.34% + & (1.74 +0.37 mg/g), Bi & Fh i ok H & K,
0.49% ) ,Bi G Ak AdL N SEH L8 TR i,

Bev (LY, SR 2 b o R BT TE R i BRI Kl4 /RT3 ARRZRETMREEP =
K (50.20% +2.72% ,1.34% +0.52% ) . &2 0.05),H2E5 &M Hm S IRRICNERE 3 J5HF 2.
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Fig.4 Significance of principal constituents in Group 1,Group 2,and Group 3 as well as

significant difference existed among three groupings by two-step cluster analysis
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Table 8 Mean content of protein,starch,oil ,and total poly-

phenol of spring and winter seeded pea

il BT R s kAR

Quality traits Spring sowing date Winter sowing date
M5 (% ) Protein 24.91+1.83 26.77 +1.51
BERY (% ) Starch 51.44 £2.92 52.81 £2.02
B (% ) Oil 1.34 +0. 50 1.51 £0.29
B Z B (mg/g) Total polyphenol 1.89 0. 49 1.73 +0.36

FH 2 8 AT UL, A [v] 426 ol JU Xo) 85 2 A I 2 4 o
MEEawm, HhEBRHGEATTH&SEN
24.91% = 1. 83% , BKIE WG Fh L85 1 P34 & 1o
26.77% =1.51% ,BKAGH G F0 TR 11 5T 3 Al e 3
mTHREEAR S A (F =3.380,P < 0.01); &
Wi SR T UE R T O 51.44% £2.92% , Bk
Wi AN T TE R Al 52.81% +2.02% , Bk i
Wi R TE R S A R TR ER SR (F =
8.785,P < 0.01) ; Bk % & Fh 5T A i -3 & 1k
1.51% = 0.29% , & 8% i & Fh 5t g 105 °F- 3 & & R
1.34% +0.50% , BKFEB G A TR & 2 W25 T
FAENRD &8 (F =16.009,P < 0.05) ; 575 M £l
SEHI RN 1,89 +0.49 me/g, FAHE B Z 14 & &
h1.73 +£0.36 me/g, FAE BGRB8 R T E
T RIG 2B S (F =4.273,P < 0.05),
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Table 9  Coefficients of correlation ( 7* ) between quality
traits and geographic coordinates of pea varieties
b 2 AR AR , ; ,
) HE TER 110} psE A}
Geographic
Protein Starch 0il Total polyphenol
coordinates
2% Longitude 0.01 0.34* 0.04 -0.11
ZH)F Latitude -0.32"  0.07 -0.07 0.03
V4K Elevation -0.12 -0.45" -0.07 0.26*
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