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Abstract: In the modern world, conventional potato breeding system largely relies on summer cultivation. Winter
potato breeding has not been reported until 2003, and till now, there is no systematic and comprehensive winter potato
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breeding system. Yunnan Province enjoys a unique vertical climate advantage that allows fresh potatoes to be available
year-round. The potatoes are on market off-season in winter, which not only meets the demand of the domestic fresh
food market in winter, but also has high benefits for potato farmers. However, currently, the main winter potato varieties
used are 'Hezuo 88' and 'Lishu 6', which have a prolonged growth period. On the other hand, a number of issues have
arisen as a result of the lack of specialized winter potato cultivars. The main varieties in winter in Yunnan Province are
comparatively single and typically enter into the markets at the same time, causing an abundance of potatoes which
results in low prices. Therefore, there is an urgent need for a systematic and comprehensive breeding system to select
new varieties that not only have high yield and disease resistance, but also cater to the diverse preference of consumers
in terms of texture and flavor. In order to explore a new and efficient winter potato breeding method, four consecutive
winter evaluation experiments were conducted in Jianshui County, Yunnan Province, from 2016 to 2020, using 68 elite
breeding lines selected through a summer experiment. Different film mulching treatments were applied to promote the
varieties (lines) with late maturity to early maturity. Over the four years of winter experiments, five winter growing varieties
were developed from 68 elite summer lines. These lines were named as 'Yunshu 114' (S13-592), 'Yunshu 115' (S12-
1528), 'Yunshu 116' (S12-1496), "Yunshu 703' (S12-1998), and 'Yunshu 608' (S10-843). The average yield of these five
varieties exceeded 45 000 kg/ha in four years, and promoting early maturity cultivation techniques increased two-year
yield by 3 145 kg/ha, compared to open field cultivation. This study explores the breeding model of joint evaluation of
summer and winter cultivation, and form the breeding system of winter cultivation potato.

Key Words: winter breeding; potato; breeding efficiency; summer and winter breeding system
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Table 1 Series and quantity of tested lines

EY | Zikih R Zilah R 4

Series Quantity of breeding line tested No. of breeding line tested

S10 21

S10-1033, S10-209, S10-221, S10-277, S10-327, S10-461, S10-482, S10-499, S10-507,

S10-513, S10-515, S10-577, S10-642, S10-644, S10-655, S10-676, S10-701, S10-783,

S10-786, S10-843, S10-993
S11-1297, S11-1306, S11-1308, S11-1463, SI11-1692, S11-2523, S11-2557, S11-2671,

S511-403, S11-58, S11-652, S11-721, S11-74, S11-897

S12-1051, S12-1874, S12-1991, S12-1998, S12-2002, S12-468, S12-868, S12-887, S12-

936, S12-1054, S12-1496, S12-1612, S12-1528

S11 14
S12 13
S13 20

S13-1147, S13-1204, S13-1248, S13-1250, S13-1286, S13-1331, S13-1998, S13-357, S13-

421, S13-548, S13-605, S13-625, S13-739, S13-755, S13-845, S13-848, S13-843, S13-

592, S13-593, S13-601

411 Total 68
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Table 2 Eleven breeding lines selected in 2016—2017 winter

i 7 E 517 R fh, Hfh ZERR R INR 7 (kg/10.8 m2) KEH(%) R
Line Tuber shape Skin color Flesh color Eye depth Plot yield Large tuber percentage Note
S12-1528  [A 4 H Tk 43.7 70.5 ESETES
S12-1496  ffilAl 21 HE % 36.9 76.9

S12-1054 28 H % 34.2 73.8

S13-593 & 2 H % 31.6 85.9

S13-592 i B 21 H % 30.6 71.9

S11-1308  Ji [5il H H 124 38.9 81.4

S13-357 i 151 by W Tk 30.2 85.4

S12-1998 H H % 39.6 65.0 R R
S10-515 H a1 HRYRATEEIR - 248 57.3

S10-843 % ® ik 35.9 63.7

S12-936 515 R He % 26.2 77.0
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Table 3 Yield of key winter lines in two harvest time in 2017-2018 winter

mFr(R) 201844 J1 25 H & (kg/hm?)  20184£5J1 10 H j= it (kg/hm?) A=K 3 (201844 J1 25 H~5J1 10 H ) (kg/hm?-d)
Variety (Line) Yield on April 25, 2018 (kg/ha) ~ Yield on May 10, 2018 (kg/ha) Growth rate from April 25 to May 10, 2018 (kg/ha-d)
YS105 40 745 63 636 1526

%65 (CK)Lishu 6 53519 59 490 398

S12-1998 43 872 57 650 918

S13-605 41 826 56 690 992

YS505 33731 56 090 1491

S13-1308 36 069 51731 1044

S10-655 38582 48 042 630

S10-642 31655 46 757 1007

S10-515 30573 46214 1043

S510-843 22 623 46 191 1571

S10-783 32210 45188 866

S12-1528 33321 44 535 747

S10-277 36 126 42528 426

S12-1496 24 494 39 591 1007

503-921 27 476 38 826 756

S12-1054 20723 37827 1140

S13-592 20 870 35075 947

DI11 21630 33930 821

2.1.3 2018~2019 4

2018~2019 4F & Z= 75 fe B A B W N R Al 3
S R C R, BT RRAER ., SRS
5AZRh R T 60 000 kg/hm?, ¥4 58 % B
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b R B A BB, % 2RI T R
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B+ IR (ESREA ) o SRR 22 548K, B
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M P R R R B ARG (R 5) .
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2019~2020 4F 4 R4k 2 AT ol . 7E8R

HE RS, 4420 B AL &R ©S12-1528°
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P LA SR SR VR, R BAE K B
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ZES AR, 2 L A il 5 R MRk % R T B
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Table 4 Yield of key lines by promoting early maturity treatments in 2018-2019 winter

T4 2018209 FELFTEARRREARNELER

P (FR) 7 (kg/hm?) — % (kg/hm?) ¥ (kg/hm?) T IR (PRI ) (kg/hm?) P (kg/hm?)
Variety (Line) Open field (kg/ha)  One—film mulching ~ Two—film mulching ~ Two—film mulching + Average (kg/ha)
(kg/ha) (kgtha) control overgrowth (kg/ha)

S12-1528 67737 61514 69 416 68 744 66 852
S12-1496 56328 61751 65919 71441 63 860
S13-1308 59292 57218 74216 63 825 63 638
S12-1054 49 484 60270 64913 70 493 61290
S10-277 56 507 63 885 62 690 60419 60 875

A 1E88(CK1)Hezuo 88 62 877 54 788 50010 56 685 56 090
S03-921 54 432 57278 46 218 62 108 55 008
S13-592 46 817 47766 63 045 62226 54 963
S10-642 45 069 42818 59 283 50 966 49 533

%% 65 (CK2) Lishu 6 53 958 48 521 47 462 40713 47 664
S10-515 44921 41010 49 121 46 907 45 489
S10-843 38 757 33987 41151 44 121 39504

- Average 53015 52568 57 788 58220 55397

RS 2018209 FE L ZREAIEEN IR EHEENZIN

Table 5 Effect of promoting early maturity managements on potato emergence percentage in 2018-2019 winter

BRI (R) T (%) — (%) (%) IR (R ) (%) (%)
Variety (Line) Open field One—film mulching  Two—film mulching Two~film mulching + control overgrowth ~Average
S12-1528 97.5 715 90.0 925 89.4
S12-1496 90.0 97.5 95.0 - 94.2
S13-1308 100 75.0 100 925 91.9
S12-1054 95.0 90.0 97.5 - 94.2
S10-277 100 95.0 100 - 98.3

A 1E88(CK1)Hezuo 88 92.5 77.5 66.3 82.5 79.7
S03-921 97.5 90.0 715 - 88.3
S13-592 95.0 82.5 95.0 - 90.8
S10-642 92.5 75.0 97.5 97.5 90.6
% 65 (CK2) Lishu 6 97.5 55.0 72.5 67.5 73.1
$10-515 97.5 85.0 9.5 95.0 9.5
S10-843 85.0 65.0 80.0 90.0 80.0
P-4 Average 95.0 80.4 88.6 88.2

TE: —FoRBRE

Note: — represents data missing.
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Table 6 Yield of key lines by promoting early maturity treatment of 2019-2020 winter

mnAh(R) b (kg/hm?) —JI5 (kg/hm®) i (kg/hm®) TR R (FEHE R ) (kg/hm?) 44 (kg/hm?)

Variety (Line) Open field (kg/ha) ~ One-film mulching  Two—film mulching  Twofilm mulching +control Average
(kg/ha) (kg/ha) overgrowth (kg/ha) (kg/ha)

S12-1528 58253 62 433 73 527 55725 62 484

S12-1054 79 884 62 138 58179 49 206 62 352

Lul0-36 64 772 54582 56 342 59282 58743

S03-921 58 401 59322 59 453 53058 57558

S13-592 58994 61397 53970 50510 56217

S10-277 66 254 54434 54 564 48 614 55967

S12-1496 58 401 58 581 51068 52703 55188

S12-1998 48 327 57248 52638 55 430 53 411

S10-515 43586 34728 50 859 38984 42039

%65 (CK2)Lishu6 61352 55559 59 582 60 099 59 148

A /E88(CK1)Hezuo 88 65 900 63 285 63 878 73 337 66 600

S35 Average 60 375 56 700 57 642 54269

RT 20192020 F LR BEABEN IR EHEEZNZIN

Table 7 Effect of promoting early maturity managements on potato emergence percentage in 2019-2020 winter

AR ) #a (%) — M5 (%) (%) TR (FEHER) (%) -3 (%)
Variety (Line) Open field One~film mulching ~ Two~film mulching ~ Two~film mulching + control overgrowth ~ Average
S12-1528 80.0 95.0 97.0 77.5 87.4
S12-1054 95.0 80.0 72.5 82.5 82.5
Lul0-36 100 92.5 82.5 75.0 87.5
S03-921 925 100 925 97.5 95.6
S13-592 85.0 65.0 62.5 725 71.3
$10-277 92.5 85.0 82.5 75.0 83.8
S12-1496 82.5 82.5 65.0 67.5 74.4
S12-1998 925 90.0 90.0 95.0 91.9
S10-515 97.5 87.5 925 90.0 91.9
W% 65 (CK2)Lishu 6 80.6 76.9 78.8 76.9 78.3

A E88(CK1)Hezuo 88 90.0 87.5 88.8 82.5 87.2
- Average 89.8 85.6 82.2 81.1

39 #

2t 4R, 68 N KEM R M AR P
e S A E A ZAER SR, SAlES N B
114 (S13-592) . ‘=2 115 (S12-1528) . ‘=%
116’ (S12-1496) . ‘= 2703’ (S12-1998) ll ¢ = &
608 (S10-843) . % 54~ bt F 4 45 -3 77 & I 7E

45 000 kg/hm? A |, 5 E& O REA L, e ok
FRHAR T AR P34 455 3 145 kg/hm®,
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R8 ZHABEXEDREFEMER

Table 8 Potato breeding system for summer and winter cropping in Yunnan Province

0y HRE B R HEHES GRE B B TErER AEDEC Gl
Year Stage Population  Field arrangement JERI B ZEEL Number of  Location
(experimental design) Number of tubers  clone
per clone selected
25 14F First year Fc il 22 & 200~5001~ R ALHES =
%5 24 Second year S E 50 0004kL  KfAILAES 40 000 =
55 3~84F C1~Co L fF 400005 KEHLHES 1~360 5 20 A AR A CR B 4 4F A ik
From the 3rd to 8th year [i] b s HE 471 P52 3 68 17)
e BEPLIX 4H BT
%5 9 4F Oth year CTARTI i LB 20 38 1) Lk RS 40~60 1 102 AARIRSR T (4] 68 13 il
GAFEE A AT LLANME S R )
% 104F 10th year CAUM R LA 100 R 1y B el 360 Je/iih & LA R R BIALRY 1
X H BT A~ il R FIRFER AR (F2) 2 [
T
55 114F 11th year COfUab R LAGE: 100 3R B9 BT alEpL 360 He/iih & 2~3 AR AR A
XA BT [ZEBIATERY 114 b R AR
PR AD (R LRI P
%5 124F 12th year m i X e e 23R SEARENLIX T
5 134F 13th year st i DX i 234 R SERBENLIK LB IROFTEN
2 144F 14th year Y S TRl

PO, RAFGEETTST R, (ARG E R
th o I EE A T YRS m it ‘=% 116’ HiE
MET =H 114, HE HFEHIS M G588
I, Wk E R, SEHMELG, BRI
Fars . PiMsEm ., =703 MW R E A . JIE .
PRS0 g 2 47) . REOBIE B RH AR, 285
JEAHRETFARI, TRV ; E4 DL FRE
B, CmET03 ST 3NAE, HRAET, 8
TR, AR, BB 6e08 KK EN, TR
AL, BEAWEITRARAR . VR R a5,
iy, Mg, SR ELIKIIE.
ot B AU G R R U S B A 5 S A R FE
ANKFERE T, 3 MM AEmERS, A
W2 AN BN A TR (2017~2018 4E 4 2 ) KA E . X
WIS HE— 00, KL 2017~2018 A4 iR I
BRI 1 H 8 HY, Hede 14 12 A 15 H B #% 23 d,
A RN R R A R ORI 8T, ik 2017~
2018 4R it LAE A S % . ik, X501
SRS BRI, A e R R A AR

AR 5, XS AR AR R H R B SR A
AR, X 5FEEEIR RN LED
SRR 12 A A a8 R 8, ALK
e AERE W T REAS ], (4K 300 1a) 9 7 i 22 S
FRL R BE16T B R R, R A 2 Al 2R
M, XHMRERA S VLI A R —
B, T A T AL B R AR DX R R 2 A%
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