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Screening fruit cucumber cultivars for soilless cultivation in greenhouse
LIU Zhixin', ZHENG Beiping’, YANG Shuo', ZHENG Li', SHI Shisheng', XIA Wenjuan', QIU Shou-

zhe', HUANG Yuan’, XU Shengwu'

(1. Xianning Academy of Agriculture Sciences, Xianning 437100, Hubei, China; 2. College of Horticulture and Forestry, Huazhong Agri-
cultural University, Wuhan 430070, Hubei, China)

Abstract: In order to screen out fruit cucumber cultivars suitable for soilless greenhouse, using 7 cultivars as experimental
materials, 14 agronomic traits and 5 nutrition quality of fruit cucumber cultivars were measured. Combined with principal
component analysis and membership function analysis, different cultivars were evaluated comprehensively. The results
showed that significant differences in plant traits, fruit quality, and yield among different cultivars. Among the 7 tested
varieties, Zhexiu 6 had the largest plant height, stem diameter, internode length, and the vegetative growth is most vigor-
ous. Zhexiu 4 had the highest soluble sugar content, and Tuoni 206 had the highest soluble solid content. Zhexiu 4 and
Zhexiu 3 had the highest yield. Principal component analysis was conducted on the yield trait and nutrition quality traits
and three principal components were proposed, with a cumulative contribution rate of 86.552%. The membership function
analysis further suggested that the recommended order of the experimental fruit cucumber cultivars was: Zhexiu 4 >Tuo-
ni 206 >Zhexiu 3. This study provides a certain reference for the selection of fruit cucumber cultivars suitable for soilless
cultivation in greenhouse.

Key words: Fruit cucumber; Agronomic trait; Principal component analysis; Membership function method
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Table 1 Informations of test materials

A % - eyl P

Cultivar Leaf shape Leaf color Type Source

7RG KA s A A DR HFEAERL A PR A

Qiande Pentagonal heart Green F, hybrid, Strong female Shanghai Qiande Seeds Co., Ltd.

fEJE 206 IS wak A AN, BRI FFAZRFMIL A A R A 7

Tuoni206 Pentagonal heart Light green F, hybrid, Strong female Shouguang Renhe Seeds Co., Ltd.

ft)e 6615 ANy AW TS RN, DR FFICAZRIMIL A7 B2 7]

Tuoni6615 Pentagonal heart Light green F, hybrid, Strong female Shouguang Renhe Seeds Co., Ltd.
RZRRHR I sk A A DR RIS ERME AL R A PR A )

Taikong mini Heart Light green F, hybrid, Strong female Tianshui Shenzhouliipeng agricultural technology Co.,
cucumber Ltd.

Wi 3= A @ AN, DR WL AR e

Zhexiu 3 Pentagonal heart Green F, hybrid, Strong female Zhejiang Academy of Agricultural Sciences
Wizs 45 KA ek A AR DR WHL A LR B

Zhexiu 4 Pentagonal heart Light green F, hybrid, Strong female Zhejiang Academy of Agricultural Sciences
Wis5 6= Lo RS AAT— AR, BRMfEE WA A2 B

Zhexiu 6 Heart Deep green F, hybrid, Strong female Zhejiang Academy of Agricultural Sciences

1.2 3Rt

BT 2023 4F 2—6 HAE T RO R B
MW 55 3 B AR BRI N 647 . SR 50 FL28
BB EE, BHEER TNV e Vien V=211,
WAL E 2 1 1O e K B 5 A
RS, PR L UM T 40 em. 57 30 em, 2 5 A (]
FE 150 cm; BERRA% 78 70 100 5 2R N o A b, 4l i
B 28 eme 1EE K FHBEMLIX 2H 50, 3 IRE s /)
X ¥ v R FH BRAE XUAT i, /N IX T AR N 6 m?, AE PR
ITHE 20 e HREE 25 em, BN X ERE 30 HRo BRI
BL /5 A R Hoagland & FRREC /7 » & 415 SR

WK 2 Pron. EFRMW EC {HIEHIE 2.0~2.7 mS-cm™',
pH HIEHITE 6.5 i dy BRI R — 8. 7E/KR
TENAF 1A, ) 6 HE A 828 I 5 15t PN R
08:00.12:00-16:00 F16HE A, F F IR FE 8 B A% K
PN 52 Wit PN AE R 00:00.04:00.08:00.12:00.16:
00.20:00 ¥ IR, T 5P 3594 5 15 3 K 33
JRAE B AR B B S 4, Bl 1 s .
1.3 MEmMERIBAERZ

A H B A ] SRS ) K SR BT A R
SE T 1 A AE 1 IB WO L &8, L 50% PA_E R R
FEI R AZ A % 31 BT 5o 87 R s ) g v

®2 KRENEFKET

Table 2 Nutrient solution formula of fruit cucumber

[yl A Wi Formula A B i Formula B

Formula

Ca(NO,),"4H,0 KNO; EDTA-2NaFe KH,PO. MgSO, 7H.O H;BO; MnSO,-4H,0 ZnSO, 7H,0 CuSO;-5H,0 Na,MoO-2H,0

pl(mg L") 450 350 20 140 250

3 2 0.2 0.1 0.1

.89.
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Fig. 1 Greenhouse environmental condition of mini cucumber growth period
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Table 3 Growth stage of different fruit cucumber cultivars

= FER SEAE ] UL TE A ZE T AL [ sl @t 2 SEHEH
Cultivar eeding etting nitial etting to nitial ina rowt
date date flowering date flowering time/d harvest date harvest date period/d
H.48 Qiande 02-08 03-21 04-15 26 04-26 06-22 135
#BJE 206 Tuoni 206 02-08 03-21 04-16 27 04-25 06-21 134
#BJE 6615 Tuoni 6615 02-08 03-21 04-12 23 04-23 06-14 127
RAKREK 02-08 03-21 04-10 21 04-20 06-12 125
Taikong fruit cucumber
W75 3 5 Zhexiu 3 02-08 03-21 04-13 24 04-24 06-21 134
WiF5 4 5 Zhexiu 4 02-08 03-21 04-17 28 04-26 06-23 136
Wi75 6 5 Zhexiu 6 02-08 03-21 04-15 26 04-27 06-19 132

22 AEKRERGMEDFZER D

1 4 BIAT, AN [F) SRR I A 1 8 M M
WAL Z 5. 8 FTJE 206,175 3 5
AT T 6 5 EKIBKT 3.00m, #T 75 6 5 &K
£, 3.46 m; FLJE 6615 Z KN 2.35 m, & FHKT
HAFF . W75 6 SZEEHHM, N 1036 mm, TE 5
FHAb SR FEIE 6615 F1A 2 7K B8 JIHY i) P 2y
T 10.00 cm, FHoAth i Fh 15 A BEAE 10.00~12.00 cm.
OB W TS 495 VT T 6 55— MEAE T AL 7E 3.00
PLE,FEJE 6615 25— MEAE 15 67 MK AR BR R
IR RFN N 27.31 em Fb, FoAth 5 Fil - F 4 35 76
20.00~24.00 cm. MK ERHTFF 6 54 33.24 cm 4F,

Hopt A KA 26.00~30.00 cme M 5EHT TS 6 5 i
K, H31.99 em; Wi 75 4 5 5/, 9 24.00 cm; HoAth
PRI TR e . R BRAT S BT 6 i
1, N 47.20; HAh S RRLE 37.00~41.00. HHHHS 58
M-S A TSR nT YD K W 75 6 5 A ik it
FBK, SREFEERR B IR KA.
23 FREKRERGMGRRMER D

HHER 5 AT 2 mrdn, 72 RS s s g b, 4B e
206 FIFLJE 6615 FILNFAR, Wi F5 6 & RV N YiHE
T, HRVINARE I s LB EBRETTS 3 5 RS
tahh, HoaR RS 4R FE B 206 SR
K, 8 19.93 em, 5 H A 5 FifA 7R 3 2 5 AN F

F4 FRKRER@RMEDFIERDH

Table 4 Analysis on botanical characters of different fruit cucumber cultivars

oy PEST %
e E*ﬂ e 5@ Mﬁﬁ‘ﬂ'fﬁ u‘l—*ﬁ{( HK 2

fn i Stem HIEIER Position of the  Petiole TR 5 . Ik Z AR 2

. Plant . Internode Leaf length/  Leaf width/ =

Cultivar - diameter/ first female length/ = SPAD

height/m length/cm cm cm
mm flower cm
Hz 8 Qiande 3.09+0.18 b 9.08+0.31 bc 11.30+0.47a 3.20+0.84 a 20.58+4.32b 28.85£3.50b 26.04+3.54 bc 40.4242.32b

#£JE 206 Tuoni 206
FEJE 6615 Tuoni 6615

3.36+0.16 a
2.35+0.16 d

KRR R 2.99+0.08b  7.79£0.68d  9.75+1.68b 2.80+0.45 ab
Taikong fruit cucumber
75 3 5 Zhexiu 3 3.12£0.18 b 9.21+0.44 be 10.40+0.30 ab 2.80+0.45 ab

8.46+0.74 bed 11.53+0.97 a  3.00+0.71 ab
8.19+0.76 cd  9.64+0.98 b 2.20+0.45b

21.78+2.89b 27.82+0.62b 26.01£1.06 bc 37.36+2.30 ¢
20.92+3.30b  26.85+1.50b 25.55+1.08 bc 38.12+1.47 be
27.31+2.24a 28.23+0.69b 26.86+0.92b 38.72+0.93 be

23.75+1.85b 29.51£2.63b 27.91+£1.96b 40.46+1.27b

WiF5 4 5 Zhexiu 4 2.69+0.17¢  9.34+1.33b  10.81+0.73 ab 3.40+0.89 a 21.29+1.44b 27.13£0.73 b 24.00£0.30c  39.82+1.69 b
Wi75 6 5 Zhexiu 6 3.46+0.05a 10.36+0.36a 11.55+0.41a 3.80+0.84 a 2336+1.21b 33.24+2.28a 31.99+2.54a 47.20+1.31a

T - F P G AN F NS FRERORAE 0.05 KT EREE. T,

Note: Different lowercase letters indicate that the difference between different treatments is significant at the 0.05 level. The same below.
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Table 5 Appearance traits of different fruit cucumber cultivars

, LIS LR SR TEAREL
i e Re i ROIME R A
. . Peduncle Fruit longitudinal ~ Fruit Transverse ~ Fruit shape
Cultivar Fruit shape Color . . .
length/cm diameter/cm diameter/cm index
248 Qiande [ Cylindric %k Green 4.15+0.91 be 14.85+0.85 cd 3.17£0.41 ab 4724042 ¢
#BJE 206 Tuoni 206 AR Rodlike %k Green 4.53+0.62 be 19.93+1.14 a 3.11+0.08 b 6.40£0.45 a
#EJE 6615 Tuoni 6615 He IR Rodlike 3 Green 4.86+0.76 bc 17.20£1.69 b 3.0940.11 b 5.58+0.66 b
R IKR K [ {4 Cylindric 4% Green 5.50+1.46 ab 13.93+0.72 d 3412020 a 4.10+0.27 d
Taikong fruit cucumber
W75 3 5 Zhexiu 3 [ 7% Cylindric TRZk Deep green 6.29+1.33 a 16.53+0.77 b 3.15+0.06 ab 5.254+0.29 be
W75 4 5 Zhexiu 4 [ 4 Cylindric %k Green 5.59£1.15 ab 17.22+0.96 b 3.21£0.11 ab 5.36+0.24 b
W75 6 5 Zhexiu 6 274 Fusiform £k Green 3.95+0.46 ¢ 15.79+1.32 be 3.15+0.12 ab 5.0240.49 be

>

S

=

;
E

WAL ELHE B AEJE 206:C. fEJ8 6615:D. KA ARENE. il 75 3 5 :F Widh 4 5:G. #i75 6 5.
Note: A. Qiande; B. Tuoni 206; C. Tuoni 6615; D. Taikong fruit cucumber; E. Zhexiu 3; F. Zhexiu 4; G. Zhexiu 6.
2 FRIAREBRBMHRIES

Fig. 2 Features fruit of different fruit cacumber cultivars

Fh LSRR AR AE 3.09~3.41 cm 2 JA], K25 /K B 3 IR
SERERR IR, N 3.41 em RIZAREE /K SR 3R
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Rk,
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5, N 24330 mg-kg'. 4EEER C HEH AN M
NHWEF5 6 5, N 33.44 mg- 100 g ALK NIEE
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Table 6 Nutritional quality content of different fruit cucumber cultivars
o WOTIEPEND  wOiBIEIER) wER O wObED) wCTVEPERD) Bt BERRLL
Cultivar Soluble Sugar  Free amino acid ~ Vitamin C content/ Total acid content/ Soluble solid So!ld—ac1d Sugar—amd
content/% content/(mg-kg") (mg-100 g") (g-kgh content/% ratio ratio

Hz/8 Qiande 0.90£0.04 bc  289.60+10.16 b 13.26+0.85 ¢ 0.17+0.02 ¢ 3.27+0.25 ¢ 1.92 0.53
F&JE 206 Tuoni 206 0.67+0.06 d 24557143 ¢ 28.71+1.58 ab 0.17+0.02 ¢ 4.73+0.51 a 2.78 0.39
FEJE 6615 Tuoni 6615  0.75£0.09 cd  257.37+3.21 cd 8.46+1.16 ¢ 0.11+0.01d 3.70+0.44 be 3.36 0.68
KRR 0.75+0.13 cd  260.54+7.00 ¢ 26.86+0.83 ab 0.27+0.03 b 3.87+0.40 be 1.43 0.28
Taikong fruit cucumber
W75 35 Zhexiu 3 0.95+0.10 ab ~ 249.20+6.77 de 24.3248.74 b 0.17+0.02 ¢ 3.50+0.26 be 2.05 0.56
W75 4 5 Zhexiu 4 1.13£0.10 a 243.30+0.76 ¢ 30.64+3.81 ab 0.15+0.03 ¢ 4.17+0.40 ab 2.78 0.75
W75 6 5 Zhexiu 6 0.67+0.13 d 331.36+4.76 a 33.44x1.59 a 0.32+0.03 a 4.20+0.36 ab 1.30 0.21

ZER . AR TE Y R m R SR e 206,
4.73% s AR IS F2 18, N 3.27%. [Fl 2 EL AT AR L
ST VA SRS UK 1 B B b, ] 1R LU o v Y RN
FLJE 6615,k 3.36:FLJE 206 5l F5 4 Sk, %N
2.78. FERR LU AT S 4 5,08 07548 )8
6615 2,4 0.68. T HIWHL)E 6615 i 75
4 5 RS ARG
24 AEKRENGMEEERDWT

EH 2 7 BT, AN [ 7K 5 28 I i o B8 TC 5 = A
103.08~132.38 g. H.H1,FLJE 206 H N & K, N
132.38 g K78 /K AR v JINEL TNt & f /)N, 9 103.08 g
H RN PR AR 41.79~73.55 kg, Wi 55 4 5N X
PRI, N 73.55 kg Wi TS 6 S/NX PR AL, N
41.79 kgo Ht— B X & SR e AT HT W 4
F>WFE 3 S>afE> KA K RTINS 8 206>FE )8
6615>Wi 75 6 5, BRI 5 4 5 Wi 75 3 5 iz fE /X
PR BIE T 60 kg Ab, HoAth SR (] = R IC R E R

KT FRKRERSM=E LK

Table 7 Yield comparison of different fruit cucumber
cultivars

NI e
Plotyield’kg  Rank

sl LY\

Cultivar Single fruit mass/g

7% Qiande 123.54+22.83 ab 60.76+544b 3

¥£JE 206 Tuoni 206 132.38+10.81 a 47.48+6.18¢c 5
$LJB 6615 Tuoni 6615  105.54+13.55 be 4341+430c 6
sV € Y11 103.08+13.46 ¢ 479742.57¢c 4

Taikong fruit cucumber

#i75 3 5 Zhexiu 3 103.74+4.32 ¢ 69.89+3.25a 2
W75 4 5 Zhexiu 4 122.50+10.04 ab 73.55+5.13a |

W75 6 5 Zhexiu 6 105.12+10.54 be 41.79+342¢ 7

2.5 FERKRERGBIHEEMRRIERESITM
R AN R 7K SR BTt b BT B RO AR 2 /)
DO AIETERE S B R AR SR VAR C

A~

oELAR SR R TR R S A 8 AR

ITREE A3, Ik 8 FToR , R AR B 3 AN oy
PC,PC,~PCs, KFIEAE 4 7N 3.027.2.328.1.569,
KT 1, 77 2 5T #k 2 5 ) & 37.834% + 29.104% «
19.614% , R F 5Tk R IE F] 86.552%. L5 KW ,3
ARG TR AR 55 K8 SR A8 B 15 B, v SR AT 7
AR S AT S A b . SRELSS o R 15
S FERE PR R B REUE . B TR T E SRR
F8 FEBMGDEMIKEEM SRS R RHKE

Table 8 Principal component eigenvectors and
contribution rate of production and nutritional quality

characters
PR Trait PC,  PC, PC,
T Single fruit mass 0.456  0.631  0.040
HIEAE %L Fruit shape index 0.361  0.797 -0.290
/NX 7= Plot yield 0.764 -0.254  0.565
] % PERE 4 & Soluble sugar content 0.758 -0.329 0.518

i BRI ML 4 & Free amino acid content ~ —0.762 -0.217  0.043
#ELE % C & Vitamin C content -0.335 0453 0.812
SR & Total acid content -0.889 —0.059 0.439
Al PEE ) & & Soluble solid content  —0.214  0.931  0.202

$54E{E Eigenvalue 3.027 2328  1.569

7 ZE5THRZ Contribution rate/% 37.834 29.104 19.614

ST Cumulative contribution rate/% 37.834 66.938 86.552
x9 ARKRELNEMERD B EHZ

Table 9 Principal component score and rankings of

different fruit cucumber cultivars

il Cultivar F, F o Fu ifk
{718 Qiande 0400 -0917 -0.384 0425 4
FGJE 206Tuoni 206 0.147  2.026 -0.410 0722 2
¥LJE 6615Tuoni 6615 0250 -0275 -1.827 0373 5

R KRR -0.846 -0.617 0356 0329 6
Taikong fruit cucumber

W75 3 5 Zhexiu 3 0.647 -0.690 0.428 0.545 3
W75 4 5 Zhexiu 4 1.191 0305 1337 0.803 1

W75 6 5 Zhexiu 6 -1.790  0.168 0.500 0291 7

.93.
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