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Introduction and comprehensive evaluation of winter-spring cultivation

tomato varieties in solar greenhouse
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Abstract: In order to screen out new taste-type tomato varieties suitable for cultivation in solar greenhouse in winter and
spring in Shijiazhuang area and improve the diversity of local tomato planting, 12 tomato varieties were used as test mate-
rials, and the local main variety Nongbofen 18109 was used as control. The indexes of plant growth and development,
fruit traits, yield, quality, incidence and disease resistance genes of each variety were detected, and the principal compo-
nent analysis method was used for comprehensive evaluation. The results showed that among the 12 tested varieties, Non-
gbofen18109 had the best comprehensive performance among the medium-fruited varieties, and Tomato No. 50 had the
best comprehensive performance among the large-fruited varieties. The growth potential of Tomato No. 50 was strong, the
yield per 667 m* was 7 865.48 kg, the content of soluble solids and vitamin C ranked first, the sugar-acid ratio was 10.08,
the taste was good, the disease resistance was strong, the rate of deformed fruit was low. Therefore, it was suitable for
planting in Shijiazhuang area. At the same time, the strong resistance characteristics of Tomato No. 50 can be used for
breeding research, which provides a rich resource basis for the breeding of new varieties of multi-resistant and high-quali-
ty tomato.
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Table 1 Comparison of growth period of different tomato varieties
Sl 1) - H) - Fh & 4h 5

" AR o) e e e ion o KW AW
Variety Seeding date Planting date period period sowing HaleCSt Grc?wth

(month -day)  (month -day) (month -day)  (month -day)  to harvesting/d period/d  period/d
A Lixun 01-15 02-29 05-17 06-25 124 40 163
1K Kurume 01-15 02-29 05-11 06-16 118 37 154
it 21 5 Tomato No. 21 01-15 02-29 05-11 06-19 118 40 157
i 50 5 Tomato No. 50 01-15 02-29 05-16 06-24 123 40 162
%t 51 5 Tomato No. 51 01-15 02-29 035-16 06-21 123 37 159
& 21030 5 Tomato No. 21030 01-15 02-29 05-17 06-21 124 36 159
%t 21031 5 Tomato No. 21031 01-15 02-29 05-17 06-25 124 40 163
TY303 01-15 02-29 05-17 06-22 124 37 160
TY304 01-15 02-29 05-11 06-19 118 40 157
305 01-15 02-29 05-11 06-19 118 40 157
50K 8 5 Jingcai No. 8 01-15 02-29 05-05 06-10 112 37 148
Hy A K Fenweilai 01-15 02-29 05-13 06-19 120 38 157
AR 18109 01-15 02-29 05-17 06-24 124 39 163

Nongbofen 18109(CK)

R2 ERKSAEMELR

Table 2 Comparison of plant height and stem diameter

npi Pim =M

Variety Plant height/cm Stem diameter/mm
N A) Lixun 135.6842.31 ab 10.2140.64 d
A K Kurume 127.67+1.15 ¢ 12.12+0.31 ab
215 141.01+7.00 a 10.37+0.70 d
Tomato No. 21

i 50 5 133.32+1.53 abc 11.610.48 abc
Tomato No. 50

A 515 131.66+2.08 be 11.15£0.17 bed
Tomato No. 51

i 21030 5 136.68+4.93 ab 12.59+0.99 a

Tomato No. 21030

i 21031 5
Tomato No. 21031

128.67+3.06 be 11.77+0.71 abc

TY303 113.0142.65 d 10.31£1.03 d
TY304 128.9946.08 be 10.65+0.62 cd
305 115.67+5.86 d 11.22+0.68 bed
K85 114.00+6.93 d 10.21+£0.34 d
Jingcai No. 8

Ak 130.00+3.00 be 10.39+0.82 d
Fenweilai

AR 18109 135.34+3.21 ab 12.31+0.57 ab

Nongbofen 18109(CK)
B F/NG FRERIRTE 0.05 K P ZER R E. T,

Note: Different lowercase letters in the same column means the

difference is significant at 0.05 level. The same below.

MO, 50 B AR DR 18109 B = R,
B T 50 5 F A 21031 5B, 5X)
WL REZER WA F 21 5.TY303.TY304. 5%
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Table 3 Comparison of development characteristics and yield of tomato
g HAER AL TefrEbgTa PR PHER SHE S (G /ST S i
Variety First inflorescence Fnﬂorescence Single fruit Nl.lmber of . Number of fruits Yield/
segment interval segment mass/g third ear fruits  per plant (kg-667 m*)
iU Lixun 5~6 3 178.23+20.10d  4.80+0.84 ab 18.20+0.84 cde 5 846.41£852.23 cd
AFK Kurume 5~6 3 186.86+4.91 cd 4.60+1.14 b 17.40+1.14 ¢ 5778.34+49.76 cd
i 21 5 Tomato No. 21 5~6 3 243.60+43.40 a  5.20+0.84 ab 19.20+1.64 ¢ 8351.12+2 302.38 a
i 50 5 Tomato No. 50 5~6 3 209.77+8.33 bc  5.20+0.45ab  20.80+1.30 b 7 865.48+533.95 a
i 51 5 Tomato No. 51 5 3 220.93+33.86 ab 5.20+0.45 ab 18.40+1.14 cde 7 232.64+1 137.56 abc
i 21030 5 5 3 236.14+16.42 ab 4.80+0.84 ab 18.00+£1.22 cde 7 455.47+722.62 ab
Tomato No. 21030
i 21031 5~6 3 230.13£7.20 ab  5.00+0.71 ab 19.00+1.22cd  7941.82+337.59 a
Tomato No. 21031
TY303 5~6 3 168.00+22.21d 5.40+0.55ab  20.80+2.17 b 6 132.19+1 256.62 bed
TY304 5 3 240.97+16.73 ab 4.60+0.55 b 18.80£2.17cd 7 851.44+839.08 a
305 5~6 3 172.53420.94d  4.80+0.84 ab 17.80£0.84 de  5446.33£753.22d
5K 8 5 Jingcai No. 8 5~6 3 128.2744.86 ¢ 5.40+0.55ab  22.40+1.52a  5147.94+193.49d
B A K Fenweilai 5~6 3 132.18+13.20e 5.60+0.89 ab  22.20+1.48 a 5267.24+521.3d
Ak 18109 5~6 3 124.8748.38 ¢ 5.80+0.84 a 23.0042.12a  5185.48+16.07d

Nongbofen 18109(CK)

667 m* P &7 N 7 865.48 kg, BNt R 5L HE
51.68%; FL N TY304. 35 i 21030 5 &l 51 5,
PR 2 m TG IR A BOK W TY 303,305 50K 8
FOMARKE 6 MMM RSN RE ER,
7E 5 147.94~6 132.19 kg 667 m™.

2.3 RIWINRERS
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21 5 A 51 F.TY304 fH B k. WG
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Table 4 Comparison of tomato fruit appearance traits
5 e i HRAA RARFE YR Witz RICHREL
Variety Fruit Fruit shape Green Ripe shoulder Vertical diameter/ T.ransverse F ruit shape
color shoulder color color mm diameter/mm index
[k biEAN 2017 " x 66.70+2.08 ab  72.37+4.52 ¢ 0.93+0.09 a
Lixun Pink High circle Yes No
NGBS L EAN e B A T 61.68£125¢  71.95:0.54c 0.86+0.02 abc
Kurume Pink High circle Yes No
i 21 5 b AN B el 7 67.8843.40a  79.63:1.39a 0.85+0.03 abc
Tomato No. 21 Pink High circle Yes No
F 50 5 b AEAN BT H ¥ 62.28+4.83bc  77.71£0.64 ab 0.80+0.06 ¢
Tomato No. 50 Pink Circle Yes No
Al 5145 bEAN [ 7% A 7 65.69+2.23 abc  79.53+1.82a 0.83+0.02 be
Tomato No. 51 Pink Circle Yes No
A 21030 5 ML 5% A x 66.70£0.30 ab  79.54+1.46a 0.83+0.02 be
Tomato No. 21030 Pink Circle Yes No
FMi 21031 5 e HeE A T 66.88+2.10ab  78.45+3.03a 0.85+0.03 abc
Tomato No. 21031 Pink Peach-shaped  Yes No
TY303 L EAN [B7% H 7 61.39+0.80c  73.17+2.07 be 0.84+0.03 be
Pink Circle Yes No
TY304 bIEAN [T A A 65.84+0.08 abc  78.66+3.69 a  0.84+0.04 bc
Pink Circle Yes Yes
305 Liixas 12007 f 7 61.40+£3.70 ¢ 71.64+2.58 ¢ 0.86+0.02 abc
Pink High circle Yes No
WK 85 biEAN =5 % " a 5445+1.19d  62.79+0.80d 0.87+0.03 abc
Jingcai No. 8 Pink High circle Yes Yes
AR LiEAR e B A T 56.92£1.27d  64.85+3.18 d  0.88+0.06 abc
Fenweilai Pink High circle Yes No
ALK 18109 EEAN Y H 7 56.75+2.56d  63.14+4.30d 0.90+0.02 ab
Nongbofen 18109(CK) Pink High circle Yes No
*5 EMREBRLLE
Table 5 Comparison of tomato fruit quality
i w(ﬁ‘iﬁﬁﬁz%) wCATVE LR w.m‘i%‘iiﬁﬁ_) B L w(éﬁi%% o i
Variety Soluble solids Soluble sugar . Titratable aCId,. Su'gar- . Vitamin C iontent/ Taste
content/% content/(mg-g") content/(g-kg™) acid ratio  (mg-100 g™
T A) Lixun 5.90+0.27 ab 37.67£2.51 b 4.63+0.31 cd 8.11 28.69+0.39 be £ Better
1K Kurume 5.95+0.29 ab 37.35£0.33 b 3.4740.20 ¢ 10.86 28.80+0.34 be # General
i 21 5 Tomato No. 21 5.10£0.35 de 33.50+0.17 ¢ 4.37+0.28 cde 7.65 23.72+0.68 de B4 Better
i 50 5 Tomato No. 50 6.25+0.31 a 37.38£0.39 b 3.70£0.23 de 10.08 3422+1.89 a  Good
&t 51 5 Tomato No. 51 5.40+0.24 cd 31.36+0.60 d 4.1740.27 de 7.51 23.49+3.56 de H General
F i 21030 = 4.98+0.37 de 29.14+0.23 ¢ 4.10£0.25 de 7.15 24.06+2.65 de * General
Tomato No. 21030
FHi 21031 5 4.83+0.33 ¢ 28.89+0.22 ¢ 3.47+021 ¢ 8.29 22.59+4.07 de # General
Tomato No. 21031
TY303 5.65+0.21 be 33.65+1.69 ¢ 4.33+0.27 cde 7.80 24.84+0.39 d B Better
TY304 5.4320.25 cd 33.32+0.44 ¢ 4.10£0.25 de 8.14 23.94+2.88 de 4 £E Better
305 5.18+0.13 cde 29.88+0.31 de 5.17+0.33 be 5.79 20.56+0.52 ¢ ' General
50K 8 5 Jingeai No. 8 6.00+0.29 ab 4221+0.18 a 6.20£0.39 a 6.82 25.86+2.74 cd B Better
¥Rk Fenweilai 5.28+0.49 cde 38.25+0.14 b 5.23+0.33 be 7.36 23.15+0.39 de 4 Good
A AR 18109 6.23+0.05 a 42.49+0.29 a 5.63+0.36 ab 7.57 32.30+0.20 ab 544 Better

Nongbofen 18109(CK)
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#z6 TMEARELLR
Table 6 Comparison of tomato incidence rate
JI Incidence rate/% 5T LR
m A W J %  Rate of
Variety Umbilical Downy  deformed
rot disease mildew fruits/%
T A) Lixun 0.0 0.0 0.0
B K Kurume 0.0 0.0 0.0
T 21 5 Tomato No. 21 0.0 0.0 0.0
T 50 5 Tomato No. 50 0.0 0.0 0.0
T 51 5 Tomato No. 51 0.0 0.0 1.0
A 21030 5 0.0 0.0 0.0
Tomato No. 21030
Fi 21031 5 0.0 0.0 4.1
Tomato No. 21031
TY303 0.0 0.0 0.7
TY304 0.0 12 35
305 0.0 0.0 1.3
51% 8 5 Jingcai No. 8 0.0 0.0 0.0
WAk 5.6 3.8 0.0
Fenweilai
AR 18109 0.0 0.0 0.0

Nongbofen 18109(CK)

AR AN 51 5 A 21031 S A TY304; 54 6
ANPUEEIER B SR 1A, N 305 X IR RS A
7B
2.5 AEBEMSMEE TN

H 50 R 1 8 AN AR kAT T A B (R

Fz7 EmIEERRN

Table 7 Detection of tomato resistance genes
\”E/ifity Tyl Ty2 Mil2 Mi23 Swsb Tm2 Cf5 CO Frl949 12 Vel Ve2 Sm-898 Bwrl2 Ph3
A Lixun H - H H - H H H H H R R R H
A 4K Kurume H - R H - H H - R H H R
&t 21 5 Tomato No. 21 R H H H - R H H H R H H H
& 50 5 Tomato No. 50 H - R H H H H R - H R H H H
&t 51 5 Tomato No. 51 H - R H - H R - H R R R
Fah 21030 5 H - R H H H H R - H R H H H
Tomato No. 21030
ki 21031 5 H - R H - H R - H R R R
Tomato No. 21031
TY303 H H H H - H H - H R R R
TY304 H H R R - H - H R R R
305 - - H H - - H - - H H H
# K 8 5 Jingcai No. 8 H - H - - H H H H R R R H
&K Fenweilai H - R H H H H R R R H
AR K} 18109 H - H - - - - R R R R H

Nongbofen 18109(CK)

TR ZR S G PUNERER, H 2R B e S PR A L - JORA S ik .

Note: R means homozygous resistance genes, H means heterozygous resistance genes, and - means no resistance genes.
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8), M BIRFAEME KT 1 A R, Bt ot
BR 2 85.07% , AT LA B4 3548 A 8 OR38 0 15
Bo B—F 0 R IEE A 4.37, 77 ZTTERE N
54.59%, 55 — E WA RIRFIEAA A 2.44, 77 Z TR %
N 30.48%. DRIRT AN 32 B o o BURFIEE R T 1, 2R
TFoTER L F 85.07% , ] LLRIK R aA BE 2 L5 B
(1) 80% LA L=, BRIV 19 10T 32 1 7045 5 vl DA B iR s
AL B B B, I SPSS A 3hik BURF AL K

*8 EMOHFIEMRERRITEE
Table 8 Principal component eigenvector and the
cumulative contribution rate

847 Index PCI1 PC2

FLLF = Single fruit mass -0.92 0.27
Rk 45 S % Number of fruits per plant 0.78 -0.10
7B Yield -0.79 0.33
T A& & Soluble solids content 0.77 0.56
T PERE & & Soluble sugar content 0.93 0.25
T ¥ % BR & Titratable acid content 0.75 -0.61
PERL LL Sugar—acid ratio -0.05 0.94
A4 F C 7 Vitamin C content 0.54 0.78
WILEHFAEE Initial eigenvalue 437 2.44
Tk Contribution rate/% 54.59 30.48
ST DTk % Cumulative contribution rate/% 54.59 85.07

T 1. 25Tk R KT 80%IH AT AN T 1 N 45
HIFMHERR o

TEEE 1 ERGr (PCOH, i E Y & & v
PRS- B AT R RR S B ARG SRS BRI IE
ABME. RIS 1 M K, A E RS A
RS & & e R S BB E UL 1 E
BB 7 ARSI IR M TURE . 7E58 2 ERG(PC2)
o BERREL R R C B BORIIE REE, BPEE
2 FRGY KIS, BERR L ANAEAE 25 C SRR, Ui ER 2
F Gy S R A SR S E TR A TR

9 AT A, 13 S SRR E A s 15 53 22
FROR BB B 0 53 il HE AT A, 5OR 8
5 ARAEH 18109 (CKOMKY ASKAES 1 Fpsr(PC
1553558, Tt WIZ it o ) SR S P VP L R i 1 [
W B R, IR s T 00 50 5 A BOR R 80
18109 (CKOTE S 2 = sy mh 453 43 i » 1 BH i i ol
PERR LA 4EA R C FraEiim. Wi HLEE/ 0,
13 AN AR A KO AR 16 18109 (CKO> 53R
8 5 >Hy A K> 50 5 >0 Al> A B OK>TY303>
305>TY304>7& 7 51 ‘5> 21 5> 21030 5>
A 21031 5o B FR A R AERY 18109 (CKO
1955 e, KRB A, b 50 S 155 5 i

x99 BIENRMESHESRERF

Table 9 Comprehensive score and ranking of 13 tomato varieties

i PCl1 PC2 #x#; Comprehensive
Variety 134y Score  HEFF Rank 734y Score  HEF¥ Rank 734y Score  #F/¥ Rank
AN Lixun 0.10 6 0.22 4 0.32 5

A FAK Kurume -0.41 8 0.60 2 0.19 6
i 21 5 Tomato No. 21 -0.43 10 -0.22 9 -0.65 11

# i 50 5 Tomato No. 50 -0.43 9 0.83 1 0.41 4
it 51 %5 Tomato No. 51 -0.33 7 -0.21 8 -0.54 10
&t 21030 5 Tomato No. 21030 -0.47 12 -0.37 12 -0.84 12
it 21031 5 Tomato No. 21031 -0.67 13 -0.28 11 -0.94 13
TY303 0.14 5 -0.03 6 0.11 7
TY304 -0.46 11 -0.06 7 -0.53 9
305 0.29 4 -0.68 13 -0.39 8
5K 8 %5 Jingcai No. 8 1.06 1 -0.00 5 1.06 2
AR Fenweilai 0.70 3 -0.22 10 0.48 3

A K 18109 Nongbofen 18109(CK) 0.92 2 0.42 3 1.33 1

3 W54

e i v AR R A T R AR AR 2B IR S A
i R0 1 2L, X 408 i 7 M ot o A B 2
PEFACY SN 25 21k A it it PR R e AT 224
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21031 5 A1 TY304 1X 6 A b Fl 1) B ALK, B L
HAE 200 g DL b, 000 HE R 2B R v 60% LA b s 7 i
50 5. TY303 FPRES LAY Ny 20.8 A, 1M HoAl SR
SRR AE 18.0~19.2 s Hr & 77 A4 1T = 10 2
e 21 5 A 21031 S AIF A S50 5, AN
8 351.12.7 941.82 1 7 865.48 kg - 667 m?, 5% & iy
FiA Ry 18109 %2 #2 51 51.68%~61.05%, It 3 4>
it P2 1) TG i 3 2 e, RF 6 PR o R v R I R R

TSIz A n] s R A B R 0 TR S R R TR L
XT3 Aot it Jot B B P AN [R]) S b g e
W Y TN T e R AR R C S &
FHERRLE PR B 2R . At 50 5 (1 m] i Pk [FH
e & e m, N 6.25%, m T 4R 0.02 H 3 i, 3
R ot A AR 50 B ) B R A PR R R,
K 8 5 WA AR K i 50 5 Ky AR T X0
1 0.28~5.14 mg-g'. Fi 50 5 A e RS &1
Zdim M AL TR, 4 3.70 g kg, EEGE LR
5 EAK 34.28% . BEIR LU 5 ] ¥ M W A AT R i R A
B EA IR A —EUER, AR KRR A 50 5 R L
BIRT 10, 5 T HAdmof, 435909 10.86 F110.08,
T He At Fh AR R LU A 5.79~8.29. AN T ihs24 4
o5 IR, & 50 5 ARy ARk DR . 4
A3k C B B R 5 M 3 A ol JoT ) EE AR AR AR R C
BB T RS AR A BRI 7 R, F i 50
SR C SRR m, N 3422 mg 100 g, B
THR 145

ZE LATIR , E 2024 A3 7 B IR it HT
an AR 515 E VRIS, o SR AR R
18109 Zx A& R I s KRB WAL 50 SLEAR
BT, AR K AR, T 6 77 & 7 865.48 kg 667 m?,
1E 12 A5 R e BRI 4EAE R C & &
JE S AL, FEFR L 10.08, A, JOim 1 47 , W 7R R
A, AT FE A SR X ) e
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