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NREUT NE A TS S TR SE
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FUEAE 2, X A

(LFHFHWRFABEERE VT 8100165 2. M RZRAMBL 7 ft « H il 4 i kit 5AEHE GG s 75T 810016)

& L ONIHIE R IE S T P R RS A T AR RO R /N SR Y G IR B T TERE RS A AR S AN ASTR] L Ao
NSRRI, FERE T HESAN O P IR T LR, R 32 A T 16 TFEAR AT SR G 0T3R4 5 AR
ISR G S e 4 o BRI, T TR SR T 7, o i A SR SR SR AR K, SR R 3l ] £ T3 43
%, 5508 3 5 ERRE  NR LA G R 7 T L, 525 IS IUR SR 667 m? F= 5 i i s IWE 77 505 7 TR E
O A Y LG T Y AR TR AR CE R v, FEDRE L N
12.90%.11.80%-121.29 mg-mL" (p, J5 [ .0.82%.250.11 pg-g', SR 5UE 3 S EREE  ME 1 ST
BHEAOSTERS, N 036 mg-mL'; RIS, nlEVERERZEE R C S EMURT 5B, 4328 109.77 mg-mL'
147.79 ug-g'e B 3 SHIRITETERE . Al e A4 R C S ERRIRH, 308 72.42 mg-mL'.0.37%-56.84 pg g,
T4 I LU B K, 19.380 R 8 oy 43 BT vt 16 T H b k47 23 BT, BEICE 3 A F o Rl 7 ZoTRE N
96.985%. £i FHTIA, 5 AN SR AL PG A 8 R 2564500 HH s BMERAR DO BB T 36 1 5 L 5L bR 30 3 5
SRR U /N A s 5 A A 5 B 5 VR

FE S S :S651 CERFRERD: A NEHRES:1673-2871(2026)04-098-06

Comparison of fruit appearance and nutritional quality of small-fruit wa-

termelon in closed trough cultivation systems

LIU Xuxu"?, ZHONG Qiwen’, WU Shaolin"?, ZHANG Guangnan’

(1. College of Agriculture and Animal Husbandry, Qinghai University, Xining 810016, Qinghai, China; 2. Academy of Agriculture and
Forestry Sciences, Qinghai University/Key Laboratory of Vegetable Genetics and Physiology, Qinghai Province, Xining 810016, Qing-
hai, China)

Abstract: To screen for superior small-fruit watermelon varieties suitable for closed trough cultivation in Qinghai, five
distinct small-fruit varieties grown under this system were used as materials. A comparative experiment was conducted on
fruit appearance, yield, and nutritional quality. Principal component analysis was used to comprehensively analyze 16 indi-
cators, yielding comprehensive scores and final rankings for each variety. The results showed that in terms of fruit appear-
ance quality, Jinglan had the largest longitudinal and transverse fruit diameters, thinn rind, and a high edible proportion of
edible flesh, with significant differences compared to Jingcai No. 3. Regarding fruit economic traits, Jinglan had the high-
est individual fruit mass and yield per 667 m’. In terms of nutritional quality, Jingying exhibited the highest levels of cen-
tral soluble solids (12.90% ), peripheral soluble solids(11.80%), soluble sugar content(121.29 mg-mL™"), titratable acid
content(0.82%), and vitamin C content(250.11 pg-g"), with significant differences compared to Jinglan and Jingcai No.
3. Tianmei No. 1 had the highest soluble protein content(0.36 mg-mL"). Zhuoyue showed moderate levels, with soluble
sugar content(109.77 mg-mL") and vitamin C content(147.79 pg- g )ranking second only to Jingying. Jingcai No. 3 had
the lowest soluble sugar content (72.42 mg-mL™), titratable acid content(0.37%), and vitamin C content(56.84 pg-g™"),
but achieved the highest sugar-to-acid ratio(19.38). Principal component analysis (PCA)of the 16 indicators revealed that

the three extracted principal components collectively accounted for 96.985% of the variance. In summary, the comprehen-
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sive quality scores of the five tested small-fruit watermelon varieties, ranked from highest to lowest, were Jingying, Tian-

mei No. 1, Zhuoyue, Jinglan, and Jingcai No. 3.

Key words: Watermelon; Small-fruit; Closed trough cultivation; Quality; Comprehensive evaluation
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ARk, B B BT 9K R g 3R 7, /N R AL
JRAE A FES /NI | B 22 v i E vy 1B i S
MOTEW ST R H 852 2E bR B2, BEAE Wi
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BRAE AR B0, a8 I e B R 5B TR, S T
ERBMIEARRH, 2 %8 FRA H AR5
R DR ERAAE N AR 2 O AR SR AR
FEHS R —E IR R AN T, BT — R bR A
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Table 1 Test watermelon varieties and sources

s Al K
No. Variety Source
1 | JEFT s AL A A R A

Jinglan Beijing Jingyan Yinong Seed Industry
Technology Co,. Ltd.
2 5 JEF R R AL A A R A
Jingying Beijing Jingyan Yinong Seed Industry
Technology Co,. Ltd.
3 ELER A SR AL A BR A
Zhuoyue Hefei Fengle Seed Industry Co., Ltd.
4 M3 15 A5 F LA R A

Tianmei No. 1 Beijing Tiange Seed Industry Co., Ltd.

5 WE3 Y A SR A AR B A R 2 =
Jingcai No. 3 Beijing Jingyan Yinong Seed Industry

Technology Co,. Ltd.

RE3 T
8l Jingcai No. 3

H%E 15
8 Tianmei No. 1

1 A EAMK@&MRLHE

Fig. 1 Fruit cross-sectional of different watermelon varieties
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AT R A R D L . $
ST F BRI & SR S9N T MR 357 3 25 21 T
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R BIN R R 5 SRR F 80 Z R R EE RS s
WL R R 5 R BUE R (1 Lo AE s IR FE 3 S5k
PR E AR 0 LA s B TR & A PR AN 1
AT R 5 72 8 AR %/ IXF 35 B U5 i 5 /0N X T
A& 667 m* P & .

IR TR AL SRR T A — B TR,
FEAS AL BRI 5 MR, B R, B o AT E
2 emx2 emx2 em B/ B, @ W RCGE 5
1E-80 °CIIVKFE AR & . RSk & &K
SRS, Z2¥F, DIFE , R UUREVEFREL 50 g
EARRTERAEMEGR G R, BRSNS
A& E T HA F SeAE 105 °)C4 1 R4t 30 min, 4R
JE FETE 80 °C R4, U A A, B . Sk oy
EETHE AR KD B/ %=CHE T R FE 5 -4
- 5 A i 5T B DA AR > 1005 SR FRET

FEAC 52 R [ TR E &, vE RS SE D) P K
TS A Bl J7 A AL, 5 R VR T RO
A B HEE 3 IRE R . ATIAYERE B SRR A R
H 2 B2 R R - R 5 BCA VEEAT Il 5E
I A AL 5t B AR TR A PR A =] 77 & (2%
53 58 AKPLOOSM.AKPRO17) ; 4iE & C & &
KA 2, 4- RS FEIR L AT U 5 , I e A P R e
FRAE ) TR 78 BRI 77 8 (B 45 A009-1-1) s 1]
9 R 2 8K FH NaOH B #2150 5 , I =2 i
bR B ERBE AR A A RN & RS
BC8390) ; ## i LU - m] v M4 75 1t 5 AH 0T B ] 35 5 T
B REM A, AR E 3K, BCFAME .
1.4 BUBRSH

8 F§ Microsoft Excel 2021 %K 1} % # 4 i3 47 %%
P, K SPSS 27.0 Gt vk 3 A0 E s #4740 pr . K
F 77 270 BT (ANOVA) . £ 5 Lt 4% (Duncan’s #7 & H
FEE P E A o BTk AT 437

2 SR

2.1 ARMNREFENGMEIINRELER

HI 3 2 TTA, % 238 106 I R 0 S WA T 22
o WNRIELE, 5w HF 3 S AR, 5 g
2% 1S AR, SRR . AR REIE
F o R T AR, 3 1 58 T8l A, 5t
¥ 3 5E TP, R T KRB0, 2
R TAE B . fERSLYARTT I, S FIASE 2
SR I 5 i AR B R, TA B 12.29 em, B3
i T At R ORI SR 1 AR AR I, 4 R
11.75.11.88 cm, J& T HH & K/ HZE 1 SHITE 3
FSIPRE N, 2 HI0N 11.07.10.45 em. 78 FE 52
FETTTHT 5 5 FAS [ /)N SR 8 7 I o o [ (1 A A2 A K, 18
) 12.49 cm, &3 5 T H ARG A SEAROE 3 5
(s 42 A3, 43 N 10.61.10.41 cm, J& T & K

Fx2 TEBERGEMRIHINN R
Table 2 Comparison of fruit appearance and quality of different watermelon varieties

Pz AT RS PR - 2G4 RIEAa4

g ' Mtz R P I B it 2 PR _/Taiﬂt
L Longitudinal ~ Transverse Peel Flesh thickness/ Peel to flesh Fruit shape

Varieties . . . Flesh colour . .

diameter/cm  diameter/cm  thickness/cm  cm ratio index
T2 B Jinglan 12.29+0.82a 12.49+0.80a  0.50+0.06 a 11.31+£0.72 a # Yellow 0.04+0.00 ¢ 0.99+0.05 ¢
HUH Jingying 1175040 b 9.75+037bc 0.54+0.08a  8.88+0.48bc  KZL Brightred  0.06+0.01 b 1.21£0.01 a
Lk Zhuoyue 11.88+0.43b  10.6120.61 b  0.57+0.10 a 9.43+0.49 b &4 Orangered  0.06+0.01 b 1.12+0.04 b
3% 1 5 Tianmei No. 1 11.0740.72bc  9.28+0.91 ¢  0.59+0.05 a 8.20+0.79 ¢ Z]. Red 0.07+0.01 a 1.20+0.08 a
O 3 5 Jingcai No. 3 10.45+038 ¢ 10.41+0.65b  0.50£0.04 a 9.59+0.75 b R F Light yellow  0.05£0.01 bc  1.01£0.04 ¢

R R/ NG FREFRIRAE 0.05 K EZFEE. N

Note: Different lowercase letters in the same column indicate significant differences at 0.05 level. The same below.
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KRR, 25« /NSRRI TGRS P A RSN IAEAIR K8 T i it LE R

X BE R 5T

AN BT ZE 1 S5 BERR AN, 7508 9.75.
9.28 cm. 5 N Eh RPN R R 2 RN B T
0.55cm 4. HFE 1 SHRLIEE, N 0.59 cm, 1M
PR A OR35S B 309 0.50 eme 5T BRI
(R R B S5, Bz BN LL AR, 0 A L S R A e, vl &
F SR b B v, FOR R 3 5 ORI BRI,
36 15 1 R B , w6 R SR Y B AR e A1
22 ARMMNRBFERSEMAEFRREE

FHEE 3 Wl N, 25 P I it pf Sz ot m i [
Y& EAE 11.47%~12.90% , 04 al IS EE Y & &
1E 8.83%~11.80%. 5 ™t Ff b o Y& M [ TR 4 & &
3¢ R S, H O ATV [T 12.90% , 1 2%
AR TERE TR & BN 11.80%: HOEHE 1 S s
AP T M IO R DI/ B~ v Ao 71|
11.47%-8.83%, 5 ¥ 3 S EZ R A RE .. fEHE
R BT 5 R 2 R THD » 20 RN B I A A7 A

ZR, IR 3 SR ERIK, iTERE SRS
7242 mg-mL", AIEERR S E N 0.37%; s BLS A
K 3 5 HE R LT dm v I 5 o B e T bR R  E
B BB, (H P R 5E BR  RAR A  D Ut  R) FR
i LU 2 S A I 5 21 3000 5 U R 7 & e v » WV 1
BE& N 121.29 mg-mL™", AJH E B & &N 0.82%;
CLPIS AR, 36 1 5 RS IR LU o s L IR B
FUECER, /3 A #) T 18.33 Al 14.93. 5 AN7H I 5 Fil
R AR LAISE 1 595, 8 0.36 mg-mL™;
HRRETFE3 S, 8032mg mL; il EEEASE
RAGHI S 5P, N 022 mg-mL". & &b Ff i IR Y
i R C B 56.84~250.11 pg- g, H A& b
RERCEHEEERDE: HAMNAER C HER
Far 5 FE U S AN SRR, AR B RO R 3 5
TSRy 1 DA IR B3 i 5 N 88.69% » FL A2 5L
HOAURTH 2 —5 508 3 S8 /KRG, N 87.50%.

*3 TEANGMRINESRBRER

Table 3 Comparison of nutritional quality of fruits in different watermelon varieties

wCHUL R wOBZTE  pCRIETERD  w(rERD) pOTEEERED wdEER O wCRSEAS) B
pE PE[E B e EibiZYD) Soluble sugar  Titratable Soluble protein  Vitamin C T e
. . Fruit moisture Sugar acid
Variety Center soluble  Edge soluble  content/ acidity content/ content/ content/% ratio
solids content/% solids content/% (mg-mL™) content/% (mg-mL™" (ng-gh ’

PR Jinglan  11.47£0.06 ¢ 8.83£0.25d 73.9042.65 ¢

HUH Jingying  12.90£0.17 a 11.80+0.66a  121.29£0.60 a

i Zhuoyue 12.20£0.20 b 10.4040.26 bc  109.77+10.38 ab 0.60£0.03 b  0.24+0.02 ¢
HE1 S 12.60£0.52ab  11.20+1.13ab  104.01+7.81 b

Tianmei No. 1

wE3S 11.53£0.31 ¢ 9.73+0.15¢cd  72.42+8.73 ¢

Jingcai No. 3

0.77+0.05a  0.27+0.04 be
0.82+0.07a 0.22+0.02 ¢

0.56+0.02b 0.36+0.06 a

0.374£0.03 ¢ 0.32+0.03 ab

140.21+13.10 b 88.69+0.40a  9.62+0.26 ¢
250.11«11.37 a  87.87+0.22 bc 14.93+1.28 b
147.79+11.37b 88.18+0.02b 18.33+1.59a

90.95+11.37 ¢ 87.77+0.13 bc 18.74+1.67 a

56.84+11.37d 87.50+0.37¢c 19.38+0.93 a

2.3 FREVNREFENGMI 2R

Hi 2 4 w0, /SRR PG I B B & 051~
0.99 kg, M e BURARK X 9 5T R > 50 > 508> 10
35 >HE 155 667 m’ i LU R &, H3E 1
FIRAK, B AL SR 1515 94.12%.

F 4 FEIFMN SRR
Table 4 Yield comparison of different
watermelon varieties

pE i@gﬁilon 667 m* =i
Variety mass/ke 667 m’ yield/kg
5B Jinglan 0.99 a 5805.36a
A Jingying 0.62b 3635.68b
L% Zhuoyue 0.68 b 3987.52b
H2& 1 5 Tianmei No. 1 0.51b 2990.64 b
HF 3 %5 Jingcai No. 3 0.59b 3459.76 b

24 ARVNREF N @M EREERS TFLER
BiFM

X5 AN AN [5] i A G IR S0 A 5 DL R
JRIE 16 IHEARBEAT T e 34T, 734l R LR 5~6,
RPERFALE R T 1 RS, 3E3R B T 3 AN E o
RAT 7 ZETTHREE N 96.985% , HE A 5 T AN [H] PE I
dn R 2 B SRR o PR, SRER 3 Al B AR
J 5 ASASTE] A TG TR 16 AN BTAR AR, 5 2 1B
YERIH

ZE AR AUH R (1 Rt Ttk A0 96.985% i
3 AN ER Y B DL, 2R 2 5L AS [ it R G I R
() B AE Z Bl pr SO A R . SRS AT
FRY 85 L AT A B SR H AT I B R L 17 5 DAAS 3
®iEA:

Y1=0.253X,+0.284X,+0.218X;-0.095X,+0.102X5+
0.007X— 0.248X; + 0.257X— 0.172X,~ 0.322X, +
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Table 5 Principal component analysis of the quality of
different watermelon varieties

W S ﬁ%mlﬂj‘# %Eiﬁﬁi%m k2
Variance Cumulative

Component Eigenvalue . .
P g contribution rate/% contribution rate/%

1 9.477 59.234 59.234
2 5.008 31.298 90.532
3 1.032 6.453 96.985
4 0.482 3.015 100.000
F6 EWMIHEIEME

Table 6 Principal component loading matrix
=] Tri b ps
(”;ui liiﬁ o PCI PC2 PC3
rpL RVE TR A & 0.779 0.616  —0.005
Center soluble solids content
SRR TR A 0.875 0.448  -0.151
Edge soluble solids content
AIVA TR 0.671 0.721  -0.017
Soluble sugar content
A VR E R -0.291 0.924 0.003
Titratable acidity content
AVETEEREA SR 0.315 -0.737 0.465
Soluble protein content
443 C & Vitamin C content 0.022 0.939  -0.342
W57k 4y ¥ & Fruit moisture content  —0.765 0.493 0.405
FEBZ L Sugar acid ratio 0.791 -0.486  -0.055

-0.529 0.802 0.247
HLSZH 1% Transverse diameter -0.992 0.020 0.088
Bz JEF Peel thickness 0.761 0.281 0.544

529042 Longitudinal diameter

JPUSE Flesh thickness -0.998 -0.026  -0.030
H )T Single melon mass -0.959 0.251 0.129
HIEAESL Fruit shape index 0.835 0.534 0.108
FZ#ILE Skin to flesh ratio 0.940 0.134 0.313

667 m’ FE & 667 m” yield -0.959 0.251 0.129

HEE, X AERGEER CH8, X AURRIKIIE
B XACERBERR L, Xo~Xie 70 AR R SEA A L R SE
WA IR R JE R RIS L BT SRR
BIEL 667 m® P H . DL T 7 0 N R T 22 5Tk
FONBCE , B 32 BRI 5 73 RO 2 A E A ALK
AT BN 5 VPO B EL
7=59.234%Y,+31.298%Y,+6.453%7Y;.

RIE E R 3 0 G5 AR, T EAA N 5 DA
dn A0 S 255 150 AR 4520 B BRI
HALHZE DS B T3 5ERD.

x7 TRBEKRMBENEEES
Table 7 Comprehensive score of the quality of different
watermelon varieties

0.247X, - 0.324X,, - 0.312X,;+ 0.271X,, + 0.305X)5 —
0.312X16;5

Y,=0.275X,+0.200X,+0.322X;+0.413.X,-0.329.X;+
0.420Xs + 0.220X:— 0.217X; + 0.358X, + 0.009.x,, +
0.126X,,— 0.012X,, + 0.112X,; + 0.239X, + 0.060X;5s +
0.112X6;5

Y;== 0.005X,- 0.149X,- 0.017X; + 0.003X, +
0.458X5— 0.337X; + 0.399X7~ 0.054X; + 0.243X, +
0.087X + 0.535X,,— 0.030X,, + 0.127X:; + 0.106X,, +
0.308X:5+0.127 X160

PAE 3 ANERIE A, X AR O AT R [ R 4
o GRERLG AR E TR & &, XGRE
PERE S B, XAR TR E RS &, X AR LR

- 102 -

- Gt

m . Y1 Y2 Y3 Comprehensive

Variety Rank
score

5 049 034 1.61 0.43 1

Jingying

HZE 15 1.20 -0.07 -1.10 0.30 2

Tianmei No. 1

L 0.39 0.34 -0.01 0.29 3

Zhuoyue

i -0.97 141 -0.07 0.02 4

Jinglan

HR3 Y 111 -134  -043  -1.05 5

Jingcai No. 3
3 Wi E4R

TH B 3 38 I P TGI8 R T T B AR A
N B IR AR SR P IS IR R O
L DR 0 3 A0 5 G TGS PR, TR 45 S S R LA
RIS IR T . AT A SRR, S AR A
RIE R RS B, FSEAMAF & A2 7= 2R (BT
EIRMR PR R Horh, 5O ) RSN R
K, R E M i, HAR R E SRR,
AL LT 5 P [T A R R s M R R AR R R B A
9 9.62, H F & T B AR 55 45 B0, AT RS Tk
5577 A [R] DL 74 I A P4 55 (1) 22 S P DA R 5
R 2 AT S8 R 3 SR R R
AR p (B AT VERE AT E R AR AE R C F
= JEBAR K, 205N 72.42 mg - mL ', 0.37% A1
56.84 pg- g, MFEER LU /=70 19.38, R RUIR BN
MR, EE IR T, SRR AR, H
HHC T A [ A R (12.90%) 3 25 AT i 1 [ 7%
W& (11.80%) « ATV PR & & (121.29 mg-mL™)
A IR A (0.82%) M 4EAE R C F2=(250.11 pg-g "
P SR AR S b 2, RURIR AL s 3B 1 S 2R A R
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