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Establishment and optimization of near-infrared spectroscopy models for quality
traits of purple-fleshed sweet potato
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Abstract: The lack of precise and efficient methods for evaluating the quality of purple-fleshed sweet potato has become a major
bottleneck in accurate germplasm identification and genetic improvement. To address this challenge, this study employed
near-infrared spectroscopy (NIRS) to construct and optimize high-throughput predictive models for key quality traits of pur-
ple-fleshed sweet potato, including total starch, crude protein, reducing sugar, total flavonoid content, total phenolic content and
total anthocyanin content. A total of 150 representative samples were selected, and six high-performance predictive models were
successfully developed and optimized using a dual optimization strategy combined with machine learning algorithms. The models
achieved high accuracy, with coefficients of determination (R%c) for calibration ranging from 0.936 to 0.992, cross-validation
(R%cy) from 0.918 to 0.987, and external validation (R%) from 0.903 to 0.987. The ratio of prediction deviation (RPD) ranged
from 6.55 to 19.80, and the range error ratio (RER) ranged from 21.9 to 63.4, indicating strong model stability and prediction
capability. The predictive models developed in this study offer an efficient and practical approach for the high-throughput analysis
of purple-fleshed sweet potato quality. They enable quantitative evaluation of nutritional components and facilitate the screening
of superior germplasm, thereby providing important technical support for quality improvement and the sustainable development
of the purple-fleshed sweet potato industry.
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b

Wi, 5 EAEL) 4016, 4320~4376, 4760, 5176,
5624, 6408 F1 6856 cm ' SR B, X SL I ICHT 0
ACORA S . XS HRIEIE R ER T C-H, C-C,
N-H. O-H SE4iR shB X i 54 5 4 W R Ui 14 55
XRW, T LLAMGIE R 5 R H B 25 PR A
A e B BBURPE RN A3 BRRE T, RS A AU L AL
BT 2 5

R T AR RO ) 32 B B I R AR B 4
&, ASHEIER H 35 43 HT (PCA)Y X I bk 6 1% i 47
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Fig. 1 Variability of near-infrared spectra (a) and PCA scores (b) in purple-fleshed sweet potato samples

Mean = SD: F¥{A=prifE2E; Min./Max.: f/ME/ KA

Mean + SD: mean =+ standard deviation; Min./Max.: minimum/maximum.
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Fig. 2 Variations in chemical composition in purple-fleshed sweet potato samples
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I (62.33%F1 47.60%) . H1E 1(33.48%F1 28.01%)F1
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IR AR R4, SO T 2 i i A R AE o 5 s
MU 5925 518 3). CARS F7i b B 457 AF I BE
BAE 17 DCRBN)E 44 ASCRTER)ZIH], T RF ik
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Table 1 Reference values for chemical components in purple-fleshed sweet potato samples within calibration and validation sets

o 1% 1IE#E Calibration set IESE Validation set
Parameter FEARL dm/MA BRME PIE frdix TBRFRE HAR foME BRE P nfzE TRRE
n Mix. Max. Mean SD CV (%) n Mix. Max. Mean SD CV (%)
MYER TS (2100 g 120  34.78 59.01 50.75 4.28 8.43 30 45.95 57.73  51.38 3.52 6.85
HEH CP(g100g™") 120 2.13 9.50 4.51 1.51 33.48 30 2.13 7.01 4.57 1.28 28.01
TJEHE RS (2 100 g ) 120 020 699 178 124  69.66 30 059 539 150 101 6733
B2 TFC (mg g ) 120 072 4225 1529 953 6233 30 540 2887 1622 772 47.60
M TPC (mg g ") 120 0.37 25.13  9.35 6.22 66.52 30 2.28 18.48 10.55 5.06 48.96
HHE TAC (mgg ") 120 0.00 2.63 0.97 0.84 86.60 30 0.00 2.76 1.09  0.77 70.64

TS: total starch; CP: crude protein; RS: reducing sugar; TFC: total flavonoid content; TPC: total phenolic content; TAC: total anthocyanin

content; n: sample number; Min.: minimum; Max.: maximum; SD: standard deviation; CV: coefficient of variation.

05 Total starch content 05 Crude protein content 05 Reducing sugar content
’ « Spectra variables ’ « Spectra variables ’ * Spectra variables
CARS (44) CARS (21) CARS (32)
0.4+ RF (90) 0.4 RF (45) 0.4 RF (83)

031 031

log (1/R)

0.2 0.2

0.1 0.14

wme @ ece @em e escce e memm @ o ®e o oo . ®e® om oo pemee mescoo @ oo w @ . ® om

0 T T T T T 0 T T T T T 0 T T T T T
4000 5000 6000 7000 8000 9000 10000 4000 5000 6000 7000 8000 9000 10000 4000 5000 6000 7000 8000 9000 10000

Wavenumber (cm™") Wavenumber (cm™") Wavenumber (cm™")
0.5 Total flavonoid content 0.5 Total phenolic content 0.5 Total anthocyanin content
) « Spectra variables ' - Spectra variables ' + Spectra variables
CARS (27) CARS (17) CARS (30)
0.4 RF (81) 041 RF (72) 0.4 RF (112)

0.3 0.3+

log (1/R)

0.2 0.2

0.1 0.1

0 T T T T T 0 T T T T T 0 T T T T T
4000 5000 6000 7000 8000 9000 10000 4000 5000 6000 7000 8000 9000 10000 4000 5000 6000 7000 8000 9000 10000
Wavenumber (cm™) Wavenumber (cm™) Wavenumber (cm™)

3 BERESRENNECARS)FEEHER R KE R IET RS

Fig. 3 Optimal variable selection for calibration sets using competitive adaptive reweighted sampling (CARS) and random frog (RF)
algorithms

FE5 PN B R % g B3 3 5 8 ) R AiF A8 540 . Numbers in parentheses indicate spectral variables selected by each algorithm.

SRS, RTINS B ERsR3E BORE@E T 6 4> PLSR X MEEIAEI(CK), Jfilid
L, WX 2 MRS, RN AEIE PRI CARS FIl RF Bkt 1 12 AMUAee !, F Tl
5 C-H, C-C. N-H, O-H R MMEHE  HWNHER 6 TEZMFIEROETER . HEH .
B O 5 B R AL B B AR, T B SR T RO . B . BRI R i 2 i ik

PLSR A5 7Y {2 4 RN T 00 KG B B (Kl 4), HXF A A PLSR A8 7E & IR H5 b
25 EAEERRERAELDIMLERE ESIN

N T R EBEAE R B S IEE, AT T A N T BRI SR, AATIORE 6 A R
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PR NEE 1 ALCRTERY . LR FURIE ) FISE 2
MR . S AET R). 4R KRY], CK BAIXS
25 T R 1 5 il T BE ) 48 oA AR (RMSEC I
RMSECV fH: 4 1 #H 0.275~1.140 g 100 g #l
0.365~1.540 g 100 g ', %5 2 £ 0.136~1.170 mg g ' Al
0.176~1.670 mg g '; Bk R% Fl Ry {H: 0.929~0.985
1 0.871~0.970), %2 T, CARS Fil RF fE4LAY 12
A~ PLSR LAY B 1 % 42 =i, H RMSEC Fl RMSECV
B (%5 141 0.261~1.050 g 100 g™ #10.307~1.280 g 100
g, % 240.107~1.170 mg g ' #10.127~1.330 mg g ")
e KT CK AR, #fk Rl Ry [H 35 38 = T
CK #%1(0.936~0.989 F1 0.912~0.987), F WAL
RUEA HSR R e LA e Ty . A, SR T
I8 UF B PPk 455 70 B 000 R S R fe b . &5 R R,
HeALAS R () RMSEP {EL (36 1 41 0.264~1.240 g 100 g ',
55241 0.115~1.050 mg g YK TF RMSECV {8, #

Total starch content

Crude protein content

WA AT R AF AR fil 1, JTRB S A 2L e =0 57
FEA4E . RPD {H(6.55~19.80)F1 RER {H(21.9~63.4)
2D E TR Y SE FH PR AT AT SR
WK 4 7, CARS-PLSR B 7E T S 3E H5

W FIAE TS 2 7 R B AE:, 1 RF-PLSR 4574 U]
PERLER . o5 TR R I 100 0 v 2 0 S s 1
BEo 2 BEET R EAEM 6 4~ PLSR A AP Rk
e AR, s X S R R 7E R OE 4B (R = 0.936~
0.992). 38 XIGHFAE (R ey = 0.918~0.987) LA M B6IF £
(R*y = 0.903~0.987) LAt S# £ . 5 t—4ER
TR ALSRINAE 5 Ak 2E I A 2 ] R AF PR ARG O
Z(rc = 0.968~0.996 Fil ry = 0.951~0.995). LK,
AR ) 6 ~FT CARS 5 RF 14LAY PLSR
TSR GRS =y A% . RS Y T T 55 PR H S ) 32 TPk
AR, R R EME S S, EHTERE
SERE S 1 e 3 T O 0 5 PR S AR .

Reducing sugar content

8

RMSECV

B4 R/ 2R ENYIBE XTI A H A R S UK T B 1 AR

Fig. 4 Performance of partial least squares regression models for predicting quality components in purple-fleshed sweet potato
samples

FS: @i, CARS: a4k HiE i AUE; RF: BHALEERK; R°o/RPcv/RPv: ALIESE/38 XURIE/6 IE4E B 5 7 40; RMSEC/RMSECV/RMSEP:
e TE /28 SRR/ bR oA i 225 RPD: B0 i 22 L ; RER: JE R 2 1 .

FS: full spectrum; CARS: competitive adaptive reweighted sampling; RF: random frog; R’c/R*cv/R*y: coefficient determination of calibra-
tion/cross-validation/validation; RMSEC/RMSECV/RMSEP: root mean square error of calibration/cross-validation/prediction; RPD: ratio of
prediction to deviation; RER: range error ratio.
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Table 2 Characteristics of the optimal near-infrared spectroscopy models for predicting chemical components in purple-fleshed

sweet potato samples

e IE4E 2 LB IE IFLE
2% SQEE=RIN Calibration Cross-validation External validation
Paramoter Optimal . BOES RIER SOURIE SOURIE RIS B RO
algorithm E'L PWOERM EME RERM GRERE  RERE MR XK RER
R’c RMSEC R’cy  RMSECV R’y  RMSEP RPD RER
MYER TS (2100 g™ CARS 7 0.939 1.050 0.918 1.230 0.903 1.080 6.55 21.9
HEH CP(g100g™") RF 6 0.970 0.261 0.959 0.307 0.956 0.264 9.66 36.8
L JEHE RS (2100 g™ CARS 7 0.936 0.311 0.919 0.353 0.917 0.288 7.18 34.0
B TFC (mg g™) RF 9 0.991 0.894 0.987 1.110 0.986 0.885 18.70 57.0
M TPC (mg g ") RF 8 0.992 0.555 0.987 0.721 0.987 0.579 19.80 63.4
EHE TAC (mgg) CARS 9 0.984 0.107 0.977 0.127 0.977 0.115 14.80 53.2
FERE 1o
Abbreviations are the same as those given in Table 1 and Fig. 4. LVs: latent variables.
60 Total starch content 10 Crude protein content Reducing sugar content
7o =0.969 ro=0.985 817 =0.968
o~ | ry=0951 7y =0978 7y =0.959
on 8
g o
) 504
3 61
E 4
3 4
5 404
< 4
2 2 ’
Calibration Calibration Calibration
30 Validation 0 Validation 0 Validation
30 40 50 60 0 2 4 6 8 10 0 2 4 6 8
Predicted value (g 100 g™) Predicted value (g 100 g™) Predicted value (g 100 g™)
0 Total flavonoid content 30 Total phenolic content Total anthocyanin content
7o=0.996 7o=0.996 3T =099
_ 7o =0.994 7y =0995 7y =0.991
Top 404
o
g 201 24
o 304
=
<
-
B 20
E 10+ 1
B
S 104
Calibration Calibration Calibration
0 Validation 0 Validation 0 b Validation
0 10 20 30 40 50 0 10 20 30 0 1 2 3

Predicted value (mg g™")
5 SHEHEMSNEAESKFERSE

Predicted value (mg g ')

Predicted value (mg g ')

Fig. 5 Scatter plots comparing predicted versus measured values of chemical components in purple-fleshed sweet potato samples

e BOESEAOCHE R B rv: BaUESE AR D

Ey 8

rc: correlation coefficient of calibration; rv: correlation coefficient of validation.
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SRR T %6 o NIRS FOR N, JEHAERA TR
5238 S AR TR 1E b, BB K Ml $E T 35 A% DR Y
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R AR S AL T 5 i LB

TEAE T EEAY NIRS FNBIAIET, 782 AFE 5
(n > 100)FIEA T Z it te Z AP AR S 2
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RAELER, T 150 (- BARRMERN SR H BT
fb o XSRS AE T MR L SR 2 Y s 2
TE(H' = 4.83) I 2 5 (CV = 54.50%), X
5H B A 2SN R S LB K B YAk Ty s 4% U] AH
S T 3 A 7 S R PR e S i 3 R 4
N SEBRAE 6 LR A3 85 5 A AR AR s SR T
RS () B A LRI 40 P e 5 TR H
AR S aE, R s @t . RS MEMERY NIRS
TR R AL T 45 77 B4 RS R B AR B 4T
O A7 SCHRAR b, AR R 5% BT 36 A o 1 RUUASE R 35 £ 2
P 2O T Lu %0 (93 AMRES . skdb2E%EM (112
ANRES L AN (RIER H' = 1.46~2.22)HY
. L8 Lk, ASBFIRE S AR FERE S i Al AG 2
FEVE EAOOE S, BALR T REHY A aE M L TR v
MR gV (RGBS 0, AT R A I B
VT B — 1R, ARKG AR b (BRI Y ) 5 b A 2R 5
(BA S X)) EAER AR R I N A% i, HF R
) L0 A TR A S 3y T A A — SR PR

FEA B 0 D AL NG 1% 2 8 1) 7 6 X A5 281 (74 93
KSR SRttt 256w 20Y ) AT KS ik
PeALFEA ] o), o LG R, #E— 204 T
THAIPERES R T ARG NIRS B b 0L
RO N Z H AL R R, /b PLSR RS 1)
oA KUK, AWF5EiE— L T CARS 5 RF 5.2
XPOGTE AR S AT IR e o ARG AT R SR B b 2
K RMSEC . RMSECV Fll RMSEP fH, AR =iy
Rc. Ry Al RPy, X 5HTARIBFFE 4SS —50™, Ao
SCHkHRIE, RPD {H KT 3 Fll RER {H KT 15 38 5 #A0
N PEH B PR RER S bR fEC T FEARTE g, B
AR A RPD (A1 RER {HY) B &5 TiX—k
1, 2 W ax AR AU 528 S50 1) T 3 0 R S Bk 1

Ml . SFEIZEMFTEA L, AHEIE R BRLTE 24 5 5T
PR R B A W SE A R N, JER R
(0.903)f5 T Lu ZEU I 2 5L (R, = 0.734), ik
Diaz 45 (R, = 0.910), & H T AY R*y (0.956)
5 Magwaza S5 RAIT(Ry = 0.960), A Mk
() R%, (0.917)F1 RMSEP (0.288 g 100 g HE&{L T He
AR HIF5E 45 (R = 0.906, RMSEP = 0.264 g
100 g™, 5 Tang A5 s 43 1900452 780 4 i AH 1B
(R*y = 0.900~0.970, RPD = 5.83~10.30), EH XK
Ry (0.977)F1 RMSEP (0.115 mg g Y BT M AR
40221 (R2,, = 0.888, RMSEP = 0.226 mg g ")F/l Tian 25!
Hy 45 R (R*y = 0.847, RMSEP = 0.303 mg g ). U4k,
B SRR S R (R = 0.986) FLELER (R%y = 0.987)
ORI ZE R BT Tang 280 @ ARy =
0.950 1 R*y = 0.960). £7 1 Frik, 575 iy 4 1A Joi )
AL S, fHas TH M MG E . F& e
S AR ORUER A Ak SR s (RE AR -2 DG 3 A2 S 4k
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Table S1  List of 150 sweet potato samples
%45 No. AR Variety name AR IE Sample source

001 R Yingcaizhong PR YE 5 Germplasm resource identification
002 TEHE 5 ~ Ningzishu 1 b T YR Germplasm resource identification
003 ¥ 3% Ganyu 3 S AP eI Variety screening trial

004 Y82 35 Eshu3 A 8 Variety screening trial

005 B 26 Jishu 26 S AP EIR B Variety screening trial

006 7 %8 56 Wanzi 56 Eh AT B IR SE Variety screening trial

007 J:FH S Shenglibaihao P IRYE 5 Germplasm resource identification
008 T4 3% Funingzi 3 En AT I8 Variety screening trial

009 5 Baixing PR PEJR % E  Germplasm resource identification
010 %32 22 Xushu 22 S AR 8 Variety screening trial

011 % 15 Chaoshu 1 S AP BE IR K Variety screening trial

012 FHYTHLRE 2 Yangjianghongkaoshu P IRYE 5 Germplasm resource identification
013 LW 2 (#pg £8) Ziluolan (Yuenan Zi) AR IR Y 2 Germplasm resource identification
014 &2 Fanshuxiang P IR Y E  Germplasm resource identification
015 #i%% 255 Zheshu 255 A 6 Variety screening trial

016 #141 (#%) Chaozhou (Xu) VR4 % Germplasm resource identification
017 V4L Jinanhong TSR SE E Germplasm resource identification
018 B2 Raopingshu S AP BE RIS Variety screening trial

019 42 15-105 Zi 15-105 S AP BE RIS Variety screening trial

020 KA Dajizhua P IR Y E  Germplasm resource identification
021 HOK-HOK-TOT VR4 % Germplasm resource identification
022 TIS70357 VR4 %2 Germplasm resource identification
023 J7 % 111 Guangshu 111 S AP BE IR Variety screening trial

024 Fi £ Xinpuzi Eh AT B IR SE Variety screening trial

025 £47Ji4 S AP BE RIS Variety screening trial

026 B Neiyuan S AP eI Variety screening trial

027 ] 2 5 Guangzishu 2 VR4 % Germplasm resource identification
028 Y-6 VR4 % Germplasm resource identification
029 J7 % 91 Guangshu 91 S AP BE IR K Variety screening trial

030 JT¥% 10 5 Guangzishu 10 AT IR Y 2 Germplasm resource identification
031 Jt 5T 553 Beijing 553 P IRYE 5 Germplasm resource identification
032 B HE 2417 Menglazihongpi PR IR Y E  Germplasm resource identification
033 A& Hk 38 5 Nonglin 38 VR4 % Germplasm resource identification
034 ¥ Qingteng VR4 Germplasm resource identification
035 FRI4L% Pingnanhongshu AP ET R Y% Germplasm resource identification
036 HIE (FEKA) Jietangdong (Jiechangdong) PR YERE Germplasm resource identification
037 £ % 8 5 Guijingshu 8 FEFR K Cultivation experiment

038 213k 8 %5 Hongtou 8 En AT I8 Variety screening trial

039 4% 2% Yuenanziluolan A 6 Variety screening trial

040 T8 1% Guangzishu 1 S AP BE IS Variety screening trial

041 g % 88 Nanshu 88 S AP BE IR Variety screening trial

042 #ir3€ 8 5 Yumei 8 S AP BE IR Variety screening trial

043 W TR R Hedingfenghuangfu PR YE 5  Germplasm resource identification
044 WK # Shuangpihuang P IR Y E  Germplasm resource identification
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%5 No. A A FR Variety name FEm IR Sample source

045 4 JR# Jinguahuang P IR Y E  Germplasm resource identification
046 VYP#F Shagenshao VR4 % Germplasm resource identification
047 5%k Taiwangiu VR4 % Germplasm resource identification
048 J % 98-7 Guangshu 98-7 AR ETR Y% Germplasm resource identification
049 ] % 98 Guangshu 98 Eh AT B SE Variety screening trial

050 PLEFh Kanghanzhong P IRYE 5 Germplasm resource identification
051 96-15-B-2 P IR Y E  Germplasm resource identification
052 W% 17 5 Yushu 17 A 6 Variety screening trial

053 ]2 95-1 Guangshu 95-1 VR4 % Germplasm resource identification
054 JAIE Yuanji TSR SE E Germplasm resource identification
055 A% 55 Yanshu S Eh AT B S8 Variety screening trial

056 £ KL Nongdahong PR YERE Germplasm resource identification
057 2141 1% Honghong 1 En AT I8 Variety screening trial

058 = HH Sanyuebai VR4 % Germplasm resource identification
059 TELLBE ) 5 Jizishu 2 AR 6 Variety screening trial

060 VKL (H %) Binggqilin (Ganshu) AP ET R Y% Germplasm resource identification
061 fi# 60 H Fujian 60 Ri P IRYE 5 Germplasm resource identification
062 A4 Mudong PR YE 5  Germplasm resource identification
063 T 3% 43 Yumei 43 S AP eI Variety screening trial

064 H 4% 27 Tainong 27 S AP eI Variety screening trial

065 AEZ T Weiduoli VR4 % Germplasm resource identification
066 Jt 5t 553 Beijing 553 S AP EIRBS Variety screening trial

067 B4R 41 52 Menglazihongpi S AP BE RIS Variety screening trial

068 8T % 35 Funingzi 3 P IRYE 5 Germplasm resource identification
069 Ayamurasaki P IR Y E  Germplasm resource identification
070 H:#% 16-3-18 Shenghe 16-3-18 S AP e Variety screening trial

071 Ji %5 56 Wanzi 56 PR PEJR Y% E  Germplasm resource identification
072 HE S Xuzis AR PR R Y% Germplasm resource identification
073 FHYTHLR%E 2 Yangjianghongkaoshu AR K Cultivation experiment

074 HA% % 2% Ribenziluolan A5 K Cultivation experiment

075 M Heigui S AP eI Variety screening trial

076 7 F2 Raopingshu VR4 Germplasm resource identification
077 JTE% 10 % Guangzishu 10 S AP e Variety screening trial

078 £ 474 S AP BE IR Variety screening trial

079 448 % 9 5 Mianzishu 9 FEFR K Cultivation experiment

080 P Neiyuan P IRYE 5 Germplasm resource identification
081 ]2 2k-29 Guangshu 2k-29 P IR Y E  Germplasm resource identification
082 LW 2% (R £8) Ziluolan (Yuenanzi) #1505 Cultivation experiment

083 JTEE 2 % Guangzishu 2 S AP eI Variety screening trial

084 48 14-76 Zi 14-76 En AR IS Variety screening trial

085 42 12-007 Zi 12-007 S AP BE RIS Variety screening trial

086 4L 14-105 Zi 14-105 S AP BE RIS Variety screening trial

087 T | 5 Ningzishu 1 S AP eI Variety screening trial

088 %% 2% Yuenanziluolan #1505 Cultivation experiment

089 B 2 5 Jizishu 2 VR4 % Germplasm resource identification
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090 JTE 9 5 Guangzishu 9 #1505 Cultivation experiment

091 JT¥E 1 5 Guangzishu 1 VR4 % Germplasm resource identification
092 %8 15-105 Zi 15-105 #1505 Cultivation experiment

093 J7" % 91 Guangshu 91 AR ETR Y% Germplasm resource identification
094 T 1 5 Ningzishu 1 A5 K Cultivation experiment

095 #E#% 16-3-18 Shenghe 16-3-18 #1505 Cultivation experiment

096 T %% 56 Wanzi 56 F R Cultivation experiment

097 T4 3% Funingzi 3 K5 Cultivation experiment

098 % 12-007 Zi 12-007 #FH B Cultivation experiment

099 V4% 1 5 Jizishu 1 AP ET R Y% Germplasm resource identification
100 FHYTHLRE 2 Yangjianghongkaoshu Eh AT B S8 Variety screening trial

101 LW 2 (#pg £8) Ziluolan (Yuenanzi) S AP BE RIS Variety screening trial

102 -2 Raopingshu R Cultivation experiment

103 %€ 15-105 Zi 15-105 F XK Cultivation experiment

104 ] 9 5 Guangzishu 9 VR4 % Germplasm resource identification
105 £ 4754 #1505 Cultivation experiment

106 P Neiyuan #1505 Cultivation experiment

107 HAX 4% > Ribenziluolan PR YE 5  Germplasm resource identification
108 JTE ) 5 Guangzishu 2 #3505 Cultivation experiment

109 ]2 91 Guangshu 91 #1505 Cultivation experiment

110 JT#E 10 5 Guangzishu 10 #1505 Cultivation experiment

111 Jb 5T 553 Beijing 553 AR K Cultivation experiment

112 BG4 4T 12 Menglazihongpi FEFR K Cultivation experiment

113 R4 85 Xuzi 8 S AP BE RIS Variety screening trial

114 #3458 9 5 Mianzishu 9 AR IR % Germplasm resource identification
115 4% 8 % Guijingshu 8 S AP e Variety screening trial

116 4% 2 Yuenanziluolan o % VR A Germplasm resource identification
117 2 Heigui TSRS E Germplasm resource identification
118 4L 14-105 Zi 14-105 #1505 Cultivation experiment

119 4L 14-76 Zi 14-76 #1505 Cultivation experiment

120 ]2 2k-29 Guangshu 2k-29 S AP eI Variety screening trial

121 Ayamurasaki S AP eI Variety screening trial

122 TLLBE ) 5 Jizishu 2 #1505 Cultivation experiment

123 JTHR B 2 5 Guangzishu 2 AR K Cultivation experiment

124 % 16-3-18 Shenghe 16-3-18 Eh AR B IR SE Variety screening trial

125 8T % 35 Funingzi 3 FEFR K Cultivation experiment

126 JT% 9 5 Guangzishu 9 S AP eI Variety screening trial

127 H A% % 22 Ribenziluolan A 6 Variety screening trial

128 FHYTHEFE 2 Yangjianghongkaoshu #1505 Cultivation experiment

129 2% 8 %5 Guijingshu 8 AR ETR Y% Germplasm resource identification
130 JT¥% 1 5 Guangzishu 1 #1505 Cultivation experiment

131 ] % 2k-29 Guangshu 2k-29 FEFR K Cultivation experiment

132 % 85 Xuzi8 F R Cultivation experiment

133 ]2 91 Guangshu 91 #1505 Cultivation experiment

134 8 % (R &) Ziluolan (Yuenanzi) #1505 Cultivation experiment
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135 %2 15-105 Zi 15-105 S AP eI Variety screening trial
136 THEE |5 Ningzishu 1 B L Cultivation experiment
137 BSR40 7 Menglazihongpi K5 Cultivation experiment
138 JT¥2% 10 5 Guangzishu 10 #5305 Cultivation experiment
139 R 2% % Yuenanziluolan #1535 Cultivation experiment
140 7 %8 56 Wanzi 56 FEFR K Cultivation experiment
141 TR 2 5 Jizishu 2 F R Cultivation experiment
142 2 Heigui K5 Cultivation experiment
143 M Neiyuan K5 Cultivation experiment
144 V4% 1 5 Jizishu 1 ShFR T IR 56 Variety screening trial
145 £475i4 FEFR K Cultivation experiment
146 B2 Raopingshu AR K Cultivation experiment
147 45T 553 Beijing 553 R Cultivation experiment
148 %8 12-007 Zi 12-007 A 8 Variety screening trial
149 Ayamurasaki Kz K Cultivation experiment
150 ZH 4% 9 5 Mianzishu 9 ShFR T IR 56 Variety screening trial




