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Analysis of mineral elements content in different cucumber varieties

based on multivariate statistics

WANG Hongxiang, ZHANG Fan, LIU Haixue, WU Huihui

(College of Horticulture and Landscape, Tianjin Agricultural University, Tianjin 300392, China)

Abstract: In order to investigate the differences in the mineral element content of different cucumber varieties (including
strains), a multivariate statistical approach was used to examine and compare the eight mineral element content of the
leaves of various cucumber varieties, as assessed by an atomic absorption spectrophotometer. The results shown that
many cucumber varieties have high mineral element content, with a pattern of K>Ca>Mg>Na>Fe>Zn>Mn>Cu.
The variety with the highest content of K and Na, Ca and Mg, Fe and Mn, Zn, and Cu is 18- Tsumegreen-60, Tsubasa
Morning Round, S312, 20-Tsumegreen 80, and WGP91, respectively. There are also differences in the proportion of
mineral elements in the leaves of different cucumber varieties, with significant differences in K: Na and Fe: Mn, while
small differences in Ca: Mg and Zn: Cu. Four groups of 20 cucumber types may be identified: the first group has lower
Ca and Mg concentration but greater K, Na, Mn, Cu, Zn, and Fe content. The K content is lower in the second category,
while the Ca and Mg content is higher. The third group has higher K content and lower Mg content. The fourth group has
higher K, Ca, and Mg content but lower Mg content of S29. According to correlation analysis, a significant positive
correlation existed between Mg and Ca, Na and K, and Mn and Fe. Principal component analysis revealed that the top
three combinations of mineral element content scores were S312, Jin Early Round, and 20-Zin Green 60, while the bottom
three combinations were S26, 18-Zin Green 60, and 19-Zin Green 80. The research results may provide a theoretical
foundation and practical support for scientific and acceptable fertilization as well as cucumber variety breeding.
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5 JIN(Cucumis sativus L) WFREH N F K, A& 6
FORE— AR A S B AR LAY R R AT S
P B B BN EKE S, RSN R, 2 B
KBENIKEY, B EHFE ML X BT
=Y WT R AEWAERKN YT IR, EEDE
Koo B A T B AR, R RN LA IR 1 RE
2 AT R AR S R HE AR I L AR ALY, R
DU R C RS A IEE AR RS  flingk Ca
TG 2 IR R AR AL I AR BB 4 s B Mg To 32
S 2% 2R T B B Fe TG 3R 2 51 M PR I 38
REEY, IR, A BHEIE RN, R T B
JO3 TG 2% P 2 e R )T A bR R 52 B AT E AR
FEWIZEI T 7 5 NG R M TFAEHT 2 d BITTAENG 5d
W BE FRn R 28k, K B.K Fe JTLREFF
TEH R 5 H R K B IR & AR AR AR 5E , CaCu.
Mg.Mn.Zn JC 3% & 2N E RLHKE R T &
Po AFE TR KT TR 22 /NI B T
RO EE , RN 75 1) F BT R K.Cay
Mg 7 W i I 38 R AR AR, i 22 /b 38 ) K
Ca.Cu.Mn Jt & & & T K3, 1 FeuMg. Se
TCER S 2T KEIR, Zn Jo R AWM e IO rh
TR Y. PMERSE S IR B TR S K AR Kt
R BT 5 e 3= & B R E  RIFE A RS K
HHEH, Ca K Mg TL& & & 5, CuMn JLER & &
K. g bnlan, REENCA R THNE FTER
A I, AR 32 o0y pi AE TR S, AR WAL T2 6
it LA 2 Bl s IO BB 7 B e &R & B
T ATk . ot ARy VAR K I 2R, &1
FH 77 A 1 e B A BILA) 2 S S AR K P 75 1 A4
Jie HAN MR EE N TR M E G
R A AR R S iE , MR AERK A
RALE IR DUk, 78 5 TR SEE ol 2 v, i it
NI BT TG 3 0T G R B A A RO E
VER . 27 R JE Wi 43 D' 06 B2 vl E A (]
N s AL B b K CaMg.Na.Fe.Zn.Mn.
Cu%s 8 Bl it & &, A Z gl s or
20 B NEL BRI 0T BT R SR S PR AL, B AR W
WA e R & 8 2 R, DU N BRI 4E 0 55 I
A" 5T E T2 Wi LR 2 w47 I B AKHRE

O P SRS DARFA

1.1 ##)
T 2022 4F 3—6 HIE R 48 I 28T
Fi R FF KA R o> 7] AR A 2 B se 36 = k4T . iR

B R A 4 [ 2O BRI R A PR A = A
FELI1) 20 /AN [F) 35 I R (i RO 5 43 3R S26..827
$28.529.S30.S34.5109.S111.S213.S279. S312.
WGP91.WGP53 RG] 4% 25 i3 4% 30 18-
2% 60 19-F 2% 80.20- 4k 60.20-1 4% 80, F&FHT
V4 BES5 FE — BN M V4 B J5 /E 28~30 °CEE 7= 46 N
fEZEALHE 6~8 h, Ve G HMEE A L =
L FH 7E 25~30 °C, FERBIK 1 K, M N K
B3 M1 OETED A ERE . AESERRT 2 A A, X
M P ) = B AT IR B Mt JEC P, DA 78 43 ORAIE 38 TN AE
KKBEIHRERNE RV, €HEEEHE SR
SRR VAT o 2 T AR K AL S
GETE 60 d 7 47) , e B B8 TR FRAR S0 4028 5
PRI PR, A4S d AP B LIE I 6 1,3 IREE 5 .
P iR S5 L RO VA ORI AE , F 2 I s [] S 46
EREH.
1.2 FEMNREEE

58 P TR IR 43 O O FE AX (TAS-990 super,
Jb 5t AT iE AR A R ST A FD , K IG e
TR BT AR A PR A 71D 5 e 38 R O T AR X
(MARS 6,3 [E CEM A &), & " (EHD-24, db 5
RATABOCA 28 B R A & D, B E T R
(XCA-80001, KM AL SLIA IR A IR A FD .
1.3 HREERT RITENE

V4 SR A0 G (R A A B IO 7 SO FL AR B X T
FRAE R 110 °)C R F G, £ 70 °CF M+ 215 i
B BT RS AR S B R, BRI 0.5 g ARSI
75% HNO; 10 mL , FH /5y 188 5 5t 14 Al SR A7 1 e
ARG TE A BT R, MR E R R 1 mL J5
FABAl/K E R 50 mL". FFH JE WUk IG5
FeJE - E CaMg.Fe.Zn.Mn.Cu 7GR &&=, Kk
JEEE T E K fl Na R S &M, 3 IREH .
1.4 HHELE

K H Excel 2016 *f # 4 447 48 it , F Omic-
Share tool #I1E 52 28 #4 &', F§ IBM SPSS Statistics
26 FEAT RSN B B A 3 BT  R 2R R AL A5 4
LI Y TR AV A i A
2 R0
2.1 AEERGMET RTERIENHT

IR 20 AN ISR R TR G 3R S =
TESTHT, 45 R AR B A i K CawMg Na.

Fe.Zn.Mn.Cu %5 8 i it = & & A HHE (K D,
20 NI R K TR SR A 18-E4k 60

.39.
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hOE R

37 %

20-# 4% 80 F 19-7: 4% 80, & & (w, Ja [ 43 B N
81 708.33.68 537.00.59 041.33 mg-kg"';S213 F1 K
TR S ERK, N 23209.33 mg-kg'. Na tES ER
T AN 1843 60 19-7:43 80 Al 20- 13 4% 60,7
=074 2 850.00.2 670.33.2 626.33mg - kg'; S109
o Na JCER & EHRIK, N 1220.00 mg-kg'. Ca JLR
SRR A EER B | S34 A S29, & B4y BN
45 321.53 .44 114.47.40 240.40 mg-kg';S26 F Ca
TCR G ERIK, N 21 637.80 mg-kg'. Mg TR SGE
BRI LR 204k 60 A1 S34, ST B4 N
40 943.33.38 433.33.37 875.00 mg - kg';: S29 1 Mg
TR ERIK, N 2223333 mg-kg'. Fe TESE
BERIAT S312.20-HE4E 60 Ml 4R 25, & 4N
243.53.169.33.148.43 mg-kg'; %% 30 ' Fe ;&
SRR, N 1543 mg-kg's Mn JCE & ER S
A S312.S28 F1 S26, & & 41 7l v 39.20. 34.45.
28.71 mg-kg's WGP53 ' Mn JL R & E &K, N
11.85 mg-kg's Zn Juz Fr B A 20-34% 80 /4
FLEEFN S30, SN 42.77.42.47.39.34 mg kg s
S26 1 Zn HEHK, N 26.80 mg-kg'. Cu LR H &
B A WGP91.S30.S312 Al S27, & &7 il N
18.03.15.73.15.28.15.28 mg-kg"'; 18- 4% 60 1 Cu
JLER B ERAK, N 1043 mg kg

1B AT LLE B, 20 AN SRR 5 A i
TG F WP EAK KR s K>Ca>Mg>Na>Fe>
Zn>Mn>Cu, &+ K.Ca.Mg & & # & , Fe. Zn.
Mn.Cu #&E D, WNERZEKE Fe.Mn LR R
B, 43 99 58.00% A1 40.00% ;: Mg Zn Al Cu A%
FERBIN 5N 15.00%14.00%A1 12.00%.
T DU Y BAR ARS8 A R} AR K 0 S 26 K
JEL A B S A7 100 35 A 5] AEAS [) 35 TG 5 kv 4k Py ™
Ji TG 2 B AN A AR 3k 15 B A [ 3 It Rl i
TEA T G 2 R SORIR FH 7 T A7 AE — 58 22 0E .
22 ARER&MITHH RTE G a

BHEE 2 ], AN A 38 I SRR e (0 BT R b
] K:Na 1 Fe:Mn % %8 K, H A, K Na PL S109
B K, N 29.6101,20-7 %% 60 ) K:Na /v, A
10.35: 1, Fe:Mn BL 20-74¢ 80 £ K, N 8.74:1,
2% 30 J /N, N 1.250 1. (HAFEZE RS A Ca:Mg
Al Zn: Cu 2 F 8N, 77 AIAE 0.82: 1~1.81: 1 Fll
1.79:1~3.03:1.
23 FEERGMH AT RTERABRSBESH

AN R B I Ak () 8 R B G 2R o
17900, 3% IR & e 3 & B K, 20 A3 I F k)

« 40 -

I NP CE 1) 2 20-4E 80 19-FHE 4% 80+ 18- 4%
60 N —,1X 3 N8N FF K. NaMn.Cu.Zn.
Fe HrEf bR E, AW oo & MEBERFEE,H
Ca.Mg & EWAK; S34.8213.20-H:4% 60 A 2K,
XA FP CasMg & &L E 2 K & =W
WGP53.S111.826.5109.S279. WGP91 . S27. S312
NE =KX 8 AN E R K & B3R, Ca & E
1% s S29 4% 25,828 L 43 30,30 j: B (5] 1 N 5
DUk, ix 6 AR5 Al K Ca Mg & &5, (5§
Fl S29 Mg FEmik. MILE B, AR FoEE
AN B IS R iR B AR R 2 R
24 AEERSMMRT RITREXES T

20 ANEE IS AN AS [F B 5 76 3% 2 R AH O Bl %
3. HE 3 ATHL,Mg tEE Ca JLE \Na JLER
5 K JuFR 2 [BAFAE R 3 IR A O, FHOC R L 72 40 3
749 0.650 F10.678:Mn Ju 3 5 Fe JC R AFAE W 3% 1EAH
K, MR RBP4 N 0487, TEHIAE Mg To R & E A
BN P, Ca MR FEM S E Na GRS E S
B AL K TR S NS 7 Mn R SR
PN, Fe TR & BN R -
25 ARERGMHRTRTEERD D
251 EARSBEFERFE HE4WHLET3AE
B VAR R AEE AR T 1, H BTk 08 3
87.729% , Vit BH AT 3 T & Bl 7315 J2 T DL s i Ji7 46 4
WEETHEE. Wk, EEET 3 A E R 1EN 20
AN SR 2R A VR R AR . IR S AT AL R R
B4 1 71, CuFe Mn. Zn #8455 K 1) 1E R 504, B
F RS 1 A KE, CuFeuMn.Zn & B HAF K 76
57 2 W, CaMg A BRI IE R B, B 3 5oy 2
BRI, CaMg & & F+ s fEF B 3 H,K \Na.Zn
BRI IE R EE , B 5 3 48 K, K Na.Zn
TR,
252 20 ANEINSA L AN B ERS N TE
Iy ZHUE R GR )15 2 s K 15 0 B AR «

F1=-0.417 K-0.259 Na+0.335 Zn+0.479 Fe+
0.497 Mn+0.411 Ca—0.022 Mg-0.038 Cu;

F2=-0.237 K- 0.261 Na + 0.068 Zn— 0.182
Fe-0.077 Mn—0.061 Ca—0.641 Mg—0.646 Cu;

F3=0.487 K+0.599 Na+0.457 Zn+0.036 Fe+
0.210 Mn+0.234 Ca+0.242 Mg+0.189 Cu.

LS B850 %0f 7 22 BTk 26 B, AR 32 oo

Dn=0.419 F1+0.314 F2+0.269 F3.
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Table 2 Ratio analysis of mineral elements in different cucumber varieties
i ff Cultivars  K:iNa Ca:Mg  Fe:Mn Zn:Cu s Ff Cultivars K:Na Ca:Mg  Fe:Mn Zn:Cu
S26 19.14:1 0.82:1 2.10:1 231:1 WGP53 22.78: 1.00:1 1.83:1 2.08:
S27 14.94:1 0.93:1 2.48:1 2.14:1 5L Jinzao Yuanrun 23.73: 1.11:1 2.52:1 3.03:
S28 17.38:1 1.00:1 2.28:1 2.59:1 4R 25 Jinlii25 21.04: 1.18:1 6.34:1 2.33:
S29 24.43:1 1.81:1 4.96:1 2.36:1 4% 30 Jinlii30 19.99: 0.99:1 1.25:1 2.40:
S30 26.62:1 1.00:1 4.03:1 2.50:1 18- 4% 60 18-jinlii60  28.67: 1.02:1 3.54:1 2.94:
S34 20.82:1 1.16:1 5.31:1 241:1 19-74E 80 19-jinlii80  22.11°: 0.83:1 1.75:1 2.03:1
S109 29.61:1 0.82:1 6.75:1 2.16:1 20-F:4% 60 20-jinli60  10.35: 0.96:1 6.89:1 2.44:1
S111 22.83:1 0.96:1 7.28:1 2.89:1 20-7:4% 80 20-jinli80  28.15: 1.09:1 8.74:1 3.00:1
S213 16.78:1 0.89:1 7.51:1 231:1 P4 L) Average ratio 21.73: 1.03:1 4.55:1 2.41:1
S279 24.60:1 1.19:1 2.82:1 2.16:1 KA Max ratio 29.61: 1.81:1 8.74:1 3.03:1
S312 18.08:1 091:1 6.21:1 2.38:1 He/NHEA] Min ratio 10.35: 0.82:1 1.25:1 1.79:1
WGP91 22.43:1 0.93:1 6.32:1 1.79:1
—0.61 —0.61 —0.61 —0.61 20144 80, 20-jinlii80 2
(.66 0.66 0.66 0.66 19-74: 43 80 19-jinlii80
1
-0.65 —0.65 —0.65 -0.65 18-7:4% 60 18-jinlii80
S34 S34 o
0.64 S213 S213
—0.60 20-14:4¢ 60 20-jinli60 -1
0.63 WGP53  WGP53
0.64 S111 N
1 0.63 526
0.65 S109
0.62 $279
0.60 (WGPI1 WGP91
— S27
S312
$29
‘‘‘‘‘‘ %25 Jinli25
S28
%30 Jinli30
—0.66 S30
0.65 4 FL[E|E  Jinzao Yuanrun

e 42 -

E1
Fig. 1 Clustering heat map analysis of mineral element content
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Table 3 Correlation of mineral element content in cucumber leaves
JG% Element  Ca Mg K Zn Cu Fe Mn
Ca 1
Mg 0.650%* 1
K -0.025 -0.139 1
Na -0.093 -0.020 0.678**
Zn 0.172 0.110 0.037 0.006 1
Cu -0.192 -0.172 -0.380 -0.166 0.408 1
Fe -0.014 -0.083 -0.209 -0.063 0.389 0.434 1
Mn 0.004 -0.034 -0.294 0.085 0.230 0.295 0.487* 1

T FRIRTE 0.01 AP 2R B35 RIRTE 0.05 KPR EE.

Note: ** Indicate at 0.01 level, the correlation is significant, * Indicate at 0.05 level, the correlation is significant.

x4 HNMRTRITEREHSHFIATHEE.
R R RRTEE
Table 4 Principal component analysis of mineral
elements in cucumber leaves

EN2% VHRRHMIEE  SiRE FBTTIRE

Main Initial Contribution Cumulative
components eigenvalue rate/% contribution rate/%
1 2.668 39.604 39.604

2 1.977 26.210 65.814

3 1.713 21.915 87.729

x5 AREERMMRTRITEEMDBIETIER
Table 5 Loading matrix of principal components of
mineral elements in different cucumber varieties

T 4> Principal component

Jt% Element

2 3
K -0.642 -0.316 0.599
Na -0.398 -0.348 0.737
Zn 0.515 0.090 0.562
Cu 0.737 -0.243 0.044
Fe 0.765 -0.102 0.258
Mn 0.632 -0.081 0.288
Ca -0.034 0.854 0.298
Mg —0.058 0.861 0.233

I 3 A A TR AL 20 N BT AT EEAT R
WAIHET , 45 R R 7. ARIELEE 15 70 nDR 2
Fh o NVU KK, 426159 Dn>1 13 A R R
20-7E4% 60.S312;0<Dn<<1 HJ5hFhF 24 S34.830.
A4 25.828; - 1<Dn<<0 £ #H A S29. WGPI1.
S111.S109.S279.S213. 827 20- H 43 80, 4 30.
WGP53;Dn<<—1 [P Fh EEA S26.18-7:4¢ 60.19-7F
2% 80, Forb, AR ENEHE A e, 19-HE4E 80 HERRAK .

3 W4

B 5 G 3R A R 0 2E R B R R v TR R

®6 EHAETENREIER
Table 6 Principal component factor score

coefficient matrix

TLER 401 RH2 AH3
Element Factor 1 Factor 2 Factor 3
K -0.417 -0.237 0.487
Na -0.259 -0.261 0.599
Zn 0.335 0.068 0.457
Fe 0.479 -0.182 0.036
Mn 0.497 -0.077 0.210
Ca 0.411 -0.061 0.234
Mg -0.022 0.641 0.242
Cu -0.038 -0.646 0.189

HEZEMNME, AFRPT RS EIERKEE &
AR A B AR, 2EEH I T 8
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i BE AR BEBE 1A R DA R4 7= 4 13 i A A 7K AL
HOHAEERE . Ca RS 58 NHI 40 R0,
T 2 P R ) A G 43, Ca TG R IR AR R A )
LM, Mg TREMWERMSZENZ 00K, Bl
R SN NGPLK T6 3 BRSOk S = 38 R ) it
FEME, AR, IR IENE N —Fhot 5 R Ak
1T BB 2 LGt M 5 i R sz )T B
FL, B8 BE CAAS [R] B0 1 2 e, 7 B 00 i 2 R
B 5 A AR B R AT AT R e Ik
20 ANBE I BRI oA B G R 0 SRR A A, Bl
55— 20-1H 4% 804 19-7 4% 80 18- 4% 60 F155 =
2% 8279.WGP91.S27.S312 1) K JC & & &= #6 tb %
a1 DRI I 5 33X P 2 5t o R 405 s e 4 5 2 T )5 o
AU FIAEFRHLAE B T3 — 2K MM Mg.Ca It &
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Table 7 Principal component scores of mineral elements in different cucumber variety leaves
e TR Fl FER 0 F2 TR F3 LA Dn HE
Cultivars Principal component Principal component Principal component Comprehensive Rank
score F1 score £2 score F3 score Dn

S27 0.289 -1.920 -0.039 -0.492 14
S28 1.560 -0.624 0.518 0.596 7
S26 -0.426 -0.996 -1.981 -1.021 18
S312 2.761 -1.611 1.729 1.112 3
19-HF:4¢ 80 19-jinlii80 —2.055 -1.693 0.281 -1.317 20
2% 30 Jinli30 -1.995 0.861 -0.974 -0.825 16
S109 0.613 -0.321 -1.435 -0.228 11
S213 0.321 -0.193 -1.886 -0.431 13
WGP53 -1.686 0.252 -1.114 -0.924 17
S111 -0.061 -0.189 -0.504 -0.220 10
WGPI1 1.086 -1.668 -0.416 -0.181 9
S30 1.373 0.488 -0.113 0.698 5
LR Jinzao Yuanrun - 0.343 2.463 2.107 1.481 1
20-H4% 80 20-jinlii80 -0.610 -2.424 1.607 -0.587 15
529 -0.003 -0.359 -0.241 -0.178 8
S279 -1.015 0.031 0.265 -0.344 12
S34 0.589 2.578 -0.601 0.895 4
18-7:4% 60 18-jinlii60 -3.780 -0.087 1.907 -1.099 19
HLEK 25 Jinli25 1.736 0.227 -0.472 0.672 6
20-F:4% 60 20-jinlii60 0.960 1.119 1.363 1.118 2
FIBERZE BB 3K S34.S213.20-# 4% 60 BNARAN  TLAA MR AL R A AL £ 5 R HIZEY
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