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Effect of foliar fertilizer on fruit yield and quality of Chaenomeles specio-

sa (Sweet) Nakai based on principal component analysis
CHEN Zhen', CAO Banghua'", GENG Ying', LIU Wei', CAO Xiaonan', ZHAO Yugqi', WANG Kexin',
LI Shengbo’, ZHUGE Xugqin®

('College of Forestry, Shandong Agricultural University, Tai’ an 271018, Shandong, China; *Shandong Yate Ecological Technology Co.
Ltd., Linyi 276017, Shandong, China; *Linyi Multivitamin Chaenomeles Speciosa Beverage GO. Ltd., Linyi 276026, Shandong, China)

Abstract: [Objectivel Chaenomeles speciosa is known as the “fruit of a hundred benefits” and has
great market potential. Improving fruit yield and quality in cultivation is the core of improving market
competitiveness. Proper fertilization is one of the important measures to improve fruit yield and quality.
However, in actual production, the use of micronutrient fertilizer is often neglected in favor of large
amount of elemental fertilizer. Trace element fertilizer is an important factor affecting the yield and
quality of fruit. This study aims to elucidate the effects of foliar spraying of calcium (CaCl,), magne-
sium (MgSO.) and boron (borax) fertilizers at different concentrations on C. speciosa fruit yield and
quality, to explore the best fertilizer concentrations of CaCl,, MgSO, and borax solutions to improve C.
speciosa fruit yield and quality, and to provide reference for reasonable foliar fertilizer spraying on C.
speciosa. [Methods] Three year old C. speciosa (Thouin) Koehne Changjun was used as the test materi-

al, and different concentrations of CaCl,, MgSO, and borax solution fertilizers were sprayed during fruit
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development. The three levels set for CaCl, were 0.1%, 0.2%, and 0.3%; those for MgSO, were 0.5%,
1.0%, and 1.5%, and for borax 0.1%, 0.2%, and 0.3%, with spraying water as the control. The foliar fer-
tilizers were sprayed on the fruit and leaves until drip for three times after 16:00 on a sunny day without
wind. Other cultivation management was carried out according to normal field management. After fruit
ripening, fruit of good shape and uniform maturity, free from obvious pest and mechanical damage were
randomly selected to determine the main indexes of fruit yield and quality under different treatments.
The fruit yield, appearance quality, taste quality and nutritional quality were compared, and finally, the
yield and quality of C. speciosa fruit were comprehensively evaluated using correlation analysis and
principal component analysis. [Results] Foliar sprays of different concentrations of calcium, magne-
sium and boron fertilizers all improved fruit yield and quality to varying degrees compared to the con-
trol. ANOVA results showed that the differences in fruit set per plant, SOD enzyme activity, acid to solu-
ble soilid ratio, and contents of starch, pectin, flavonoids, oleanolic acid, vitamin C, amino acids, solu-
ble solids, titratable acid and tannins were highly significant (p<<0.01), and the differences in total fruit
yield per plant, water content, soluble sugar content were significant (»p<<0.05). The differences in fruit
protein content, average fruit weight per plant, longitudinal diameter, transverse diameter, fruit weight
per plant and fruit shape index were not significant (»>0.05). Among them, spraying 0.1% CaCl, had
the highest fruit water content with an increase of 1.25% compared with the control; 0.2% CacCl, treated
fruit had the lowest tannin content, with a decrease of 58.22%; 0.3% CacCl, treated fruit had the highest
amino acid, flavonoid and protein contents, with increases of 25.36%, 42.86% and 12.19%, respective-
ly; 0.5% MgSO; resulted in the highest total yield and the highest fruit set, with increases of 81.21%
and 53.45%, respectively; 1.5% MgSO, had the highest fruit starch content and SOD activity, with in-
creases of 41.95% and 156.57%, respectively; the treatment of 0.1% borax had the highest fruit pectin
content, with an increase of 145.69%; 0.2% borax resulted in the lowest titratable acid content, with a
decrease of 23.71%, and the highest vitamin C and soluble sugar contents with increases of 44.44% and
26.59%, respectively; fruit in 0.3% borax treatment had the highest fruit longitudinal diameter, trans-
verse diameter, single fruit weight, average single fruit weight, solid to acid ratio, soluble solids and ole-
anolic acid content, with increases of 31.11% , 29.94% , 85.94% , 45.59% , 48.99% , 11.16% and
102.00%, respectively. The solid to acid ratio was negatively correlated with titratable acid content (p<<
0.01), and was positively correlated with single fruit weight, longitudinal diameter, soluble solids, vita-
min C and oleanolic acid (p<<0.01), and with SOD enzyme activity (p<<0.05). Correlations were also
found among the remaining traits. To accurately evaluate the combined effect of the different treatments
on yield and quality, principal component analysis was performed. The results showed that order of the
treatments based on their effect on fruit yield and quality from the best to the worst was 0.3% B>0.5%
MgS0,>0.2% CaCl,>0.3% CaCl,>0.1% B>1.5% MgS0,>0.2% B>1.0% MgS0,>0.1% CaCl,>
CK. The overall scores were higher than CK, indicating that calcium, magnesium and boron fertilizers
at tested concentrations were all beneficial to the improvement of fruit yield and quality, with 0.3% bo-
rax having the best overall enhancement effect. [Conclusion] Considering the comprehensive yield and
quality factors, foliar spraying of 0.3% borax, 0.5% MgSO., and 0.2% CaCl, solution fertilizer during
C. speciosa fruit development is recommended.

Key words: Chaenomeles speciosa (Sweet) Nakai; Micronutrients; Foliar fertilizer; Yield; Quality;

Comprehensive evaluation
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Table 1 Test scheme of foliar spraying of microutrient
fertilizer
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Table 2 Effect of different micronutrient fertilizer

treatments on fruit yield

2R e BHRGSH BRR

ment Yield/g Fruit number Fruit quality/g
CK  3949.05+22224¢ 9.67+0.33¢c  409.35+890b
C1 5185.93 +£421.43 abc 11.33+0.33 bc 45898 +33.72 ab
C2 6300.72 +234.97 ab 12.17+£0.60 bc ~ 521.01 +26.25 ab
C3 5812.59+1302.25abc  11.17+0.83bc  511.48 £ 85.76 ab
Ml 7156.15+597.24a 1483+136a  489.04 + 15.65 ab
M2 4430.19 +415.45 be 9.83+£093¢c  445.05+8.28 ab
M3 4532.78 +602.62 be 10.17+£0.44bc  439.03+£41.50b
Bl 6944.30+ 1 087.65 a 12.83+1.30ab  536.08 +39.41 ab
B2 5738.33 +£322.17 abc 10.50 £ 0.29 bec  563.75 +37.10 ab
B3 5933.89 +483.84 abc 10.17+ 093 bc  595.97 + 84.16 a

U RS SRR 2 R 2 (p<<0.05). I

Note: Different small letters mean the difference between treatments

is significant (»<<0.05). The same below.
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Table 3 Effect of different micronutrient fertilizer

treatments on the external quality of fruits

b3 iz Rtz RIBAR#
Treatment  Fruit vertical/cm Fruit width/cm Fruit index
CK 11.82+0.38 ¢ 7.98+0.24b 1.51+£0.01 ab
Cl1 14.29 £ 0.39 abc 9.11 +£0.36 ab 1.57 +£0.02 ab
Cc2 15.08 +0.79 ab 9.04+0.87 ab 1.73+0.24 a
C3 13.52+0.81 abc 8.99 +0.64 ab 1.52 +0.04 ab
Ml 13.77+0.91 abc 9.12 £ 0.66 ab 1.51£0.03 ab
M2 12.51 + 0.60 be 9.37+0.33 ab 1.34+0.03b
M3 14.67 £ 0.71 ab 10.02+0.10 ab 1.46 £ 0.07 ab
Bl 13.31+0.42 abc 9.22+0.16 ab 1.45+0.07 ab
B2 13.41 £ 1.51 abc 8.82+0.95 ab 1.52+0.01 ab
B3 15.50+£0.77 a 10.37+0.11 a 1.49 £ 0.07 ab
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Table 4 Effect of different micronutrient fertilizer treatments on fruit taste quality

P WOTEEERAD  wOliEm) g e W) WOk
Treatment Soluble solid content/%  Titratable acid content/% Solid-acid ratio Tannin content/% Water content/%
CK 7.77+0.22¢ 2.29+0.02 ab 3.40+0.08 ¢ 1.12+0.23b 86.83 +0.12 be
Cl 7.90 £ 0.06 be 2.16 £ 0.05 bed 3.66 +0.11 de 1.04 £ 0.09 bc 87.92+0.20a
Cc2 8.63+£041b 1.94 £0.04 cde 4.45+0.20 abc 0.54+0.07d 87.09 £ 0.09 abc
C3 7.93+0.07 be 1.85+0.04 de 4.29£0.10 bed 0.79+0.07 cd 86.40+0.14 ¢
M1 8.37+0.41 be 2.22+£0.09 be 3.79 £ 0.30 cde 1.18+0.08 b 87.23 +0.48 abc
M2 8.60 +0.31 be 2.54+021a 343+031e 0.47 +0.06 d 87.61 £0.11 ab
M3 8.00 +0.29 be 2.04+0.07 bede 3.93+0.10 cde 0.78 +£0.07 cd 87.26 £0.01 ab
Bl 8.27+£0.15bc 1.92 £0.02 cde 4.31+0.05 bed 1.18+0.07b 86.97 £0.19 be
B2 8.23 +£0.03 be 1.74+£0.04 ¢ 4.73 +£0.10 ab 1.56 £0.08 a 87.23 +0.28 abc
B3 9.53+0.18a 1.91 +£0.16 cde 5.06+0.50 a 1.14+0.09 b 87.50 + 0.46 ab
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Table 5 Effect of different micronutrient fertilizer treatments on the nutritional quality of fruits

Lb wEH) wCRBD w(EEZ C) wCAT RS w(EHFD
Treatment Starch/(mg-g") Pectin/% Vitamin C/(mg-100 g Soluble sugar/(mg-g") Protein/(mg-g™")
CK 12890 +15.59 ¢ 2.32+0.60 ¢ 138.07£4.86 d 219.31+£8.23b 2.51+0.05 ab
Cl 129.05 +15.98 ¢ 3.73 £1.02 abc 142.85+8.50d 246.87 + 15.85 ab 2.37+0.02b
Cc2 167.88 + 12.98 ab 256+0.12¢ 151.37 £3.31 cd 240.51£15.49b 2.52+0.12 ab
C3 179.40 + 1143 a 245+035¢ 165.96 + 5.62 be 217.38+4.06b 2.81+0.08 a
Ml 17491 + 11.17 ab 2.64 £ 0.45 ab 154.14 +7.09 cd 213.98+5.10b 236+0.19b
M2 168.20 £ 5.51 ab 3.78 £0.15 abc 157.2349.73 cd 232.52+12.79b 2.80+0.10 a
M3 182.97+930a 4.10 £ 0.38 abc 169.26 £ 0.85 be 213.83+£2.34b 2.60+0.10 ab
Bl 151.95 + 1.63 abc 5.70+0.62 a 183.10 + 6.87 ab 242.38 +£9.80 ab 2.474+0.10 ab
B2 141.71 +£8.74 be 5.50+0.81a 199.44+ 429 a 277.62+1043 a 2.57+0.15 ab
B3 160.96 + 3.34 abc 4.55+0.77 ab 179.41 £4.65b 243.35 + 17.60 ab 2.56 +0.06 ab
Ab wGFERIR) w(EHHD wCR AR A A B AL Bl T
Treatment Oleanolic acid/(pg-g™" Flavonoid/(mg-g") Amino acid/(mg-kg") SOD activity/(U-g")
CK 320.03 +£6.75 fg 8.67+0.17 de 247484+ 11697 ¢ 76424 + 67.32 f
Cl 305.24+9.38 ¢ 10.80 +0.27b 2962.21 +143.81 ab 954.13 +73.96 ef
C2 557.95+2.84b 10.84 +0.13 b 2 820.60 +29.30 abc 1217.43 +73.22 de
C3 543.13 +14.61b 12.39+0.16 a 3102.53 +£151.61 a 1701.54 +129.63 ab
M1 567.16 £ 12.28 b 10.49+0.16 b 2794.98 +37.97 be 1533.17+107.73 bc
M2 49799 £ 1551 ¢ 10.43+0.21b 2845.01 £75.87b 1 034.96 £ 90.09 ef
M3 346.22 +5.65f 8.82+£0.21 de 2 520.54 +35.35 de 1960.80 + 96.68 a
Bl 430.67+t11.41¢ 829+0.18¢ 2567.43 +16.81 cde 1853.81+76.55a
B2 462.96 £ 1.67 d 8.99+0.23 cd 2473.18+17.73 ¢ 1359.93 + 111.68 cd
B3 646.48 +4.20 a 9.50+0.25¢ 2749.94 + 24.37 bed 1782.74 £ 56.39 ab
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F(p>0.05) ; 4L FH C3.C2.C1.M1.M2.B3 H i 4
fo R SR &, Hodh C3 IR A K, N 42.86%
HAp s RS RS &R S, 5CKERFALR
F. 5 CKAL, A B C1 R 55 HUR IR & & 1%
iG, HZER AL A M3 i RS0 R R & 242
o, HZESANEE AR R 41 i R 5255
RIS &, Hrh B3 iR K, 4 102.00%. 5 CKAH
Et, 4b ¥ B2.B1.B3.M3.C3 # i 3 $2 i R s gk 2k &
C & &, Wh0E 4 7 N 44.44%  32.61% ~ 29.94%
22.59%.20.20%; AbFI M2 B F IR S R4 R CE
L WIE N 13.88% ; HoAR AL B R SR 3R C Y
EF, SCKEZRALRE . 5CKAME, LB B2 i 5H
TRERGERMK, HES AR 4 C3.CL,
M2, C2 % 2 2 32 iy SR S U L 1R 2 1, 3090 4 il
25.36%+19.69%14.96%13.97%; 4bFE M1.B3 &
P R SRR O B, B IR 300N 12.94%  11.12%;
HAMHRE TR S EHRS, SCKERAR
¥ . 5CKAMt, 43 M3.B1.B3.C3.M1.B2.C2
Y W% S 35 42 v R S SOD Mg U Mk, 14 4 WM
156.57% « 142.57%  133.27% + 122.64% ~ 100.61% -
77.94%.59.30%. ALFH M2 & 3% $2 75 552 SOD g i
P AL C1 RSB B 3 92 SOD BG4 , {2 5 CK A L
ERAREE. 5CKAE, A B2 #3247 m SRS
AL VA RS B, BIE N 26.59% , HL A AL B A A
WS BRI ERALE . 5 CKME, i a A B xT
BAR S BN 2R AEE, Ko C3fmR K,
BEE N 12.19%
23 AERLETHEARNRBRF=EERHNHEX
MEFIERL ST 4T

AR SR 8] R AH SSHE 0 A L3R 6, Fi 3R 6 7]
B SR bR 2 RAFAE A S PE . R bh 5 T 3 R A
RN E G, 5 R E LAY
M EERZC.HFHARETEEMBF LML, 5
SOD [ i P A7 /E B 3 IE AL R R . Ho MR (A]
IMAERR R R, SRR B R R A HS, K3
THUHE A T 45 B A TIRVEAN BT kS R A FH A AN S AR [R] AN
BE B H S AN TR AR v A DT AN [ A B 6t 7= 2 T i
TR 23 A e 45 3. R, o 4 2 A TSR 2 1
7B R T 19 AN H S0 T FR AR AT 3 A o A
(PCA) , K H KMO 15 5 7 F11 Bartlett Bk 44 46 46 v 1E
A7 IR 74 M O3 FH PEAS 36  45 SR R, KMO B %5
T+ 0.608, Bartlett Bk {4 & 45 sig /Iy - 0.01, 1t B J5 A2

IS A i B A AT

S EAA 6 AN F o B RHE R & . E K
I FEAEARE  TUHR 2 L BT DTmR R R FLRRAE ) B AR
THR . HER T Al A, ARPE R AEAE R T 1 R, 15
o6 A 3 kg, B BTk &Ik 3] 80.013% (>
80%) , AR T 19 NMBFRIME B, 1k B F 5L 5
JE 43 AT 1 AT A5 bR v, R AT AR X 6 S 3 oy
X A R A ISR S5 i SR AT 2% & VA . AR 64 3K
S B 1 E R R N 4.958, O ZETTERE A
26.096%, FEHE R A RCH R I ER
R VHE R R R [ R4 F & SOD il
TEE BRI & E AR AT UUE , e B8 TR
AN 5 56 2 RO REAEAR N 3.262 , T ZE TR
N17.169% , 3 %2 tH AR B E LR L BT S UE R A
R EEUOE, R STE I8 0 0 5 56 3 E o
TIEE 9 2.27, 77 22 DT HR 2 4 11.948% , & 22 HH B bk
PRERE, MRS R 4 E R R EE N
2.032, J5 Z TTHR N 10.693% , 8 1 i &5 2 Al B
R4 S 5 55 5 B R RRAEAE N 1,417, 7 %
BT RN 7.456% , TS /KRR R TR A Rk
SE 5 6 E R FEAEAE N 1.264, 7 E ST HER RN
6.652%.

PLEAN FE 853 J7 Z TR 7 6 > F R RARTT
22 DTHRZR [P EE 2 AL, SR A E B 1557, 13 2
ANFEAE BRI 25 G453 07 R ECF R L A

Y=03261Y,+02146Y,+0.149 3 ¥;+ 0.133 6
Y+ 0.093 2 Y5+ 0.083 1 Yoo

FEH R LG IEH WK~ HE
8 T K, & AbHE L% 5 15 4t B HE T I B3>
M1>C2>C3>B1>M3>B2>M2>C1>CK. £ 4b ¥
CEES T CK. F AT O, T A 2
RS A SR SR 512 i 5 R 7= S 35 AN RN FEFE 3 T, Ho
Ab TR B3 J5 L5 A dae e 2 W OO A TSR 552 i Jo A
FEE MR A RIS A i

3 %W W

RS B E G T 2T R RS i
AN b A N AE R 2R B, B 95 B R
Wi ¥ B o RS, TG R L 95 P8 T R SR
P b A R R ARG R T T T AN [ R
JEZ i) CaCl,-MgSO. MBI RS I BAE XS AR 587 B A
RIS o AU R, AN A AR BT 4 R IR
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Table 7 Principal component eigenvectors, eigenvalues and contribution rates

H#1E & Eigenvector

ek B1ERSY F2ERS B3I TS WAERIY S5 ERS 56 E A
Index The 1st The 2nd The 3rd The 4th The 5th The 6th
principal principal principal principal principal principal
component component component component component component

[&H2 Lt Solid-acid ratio 0.396 0.000 -0.011 -0.142 -0.120 -0.251
#E4 3 C % & Vitamin C content 0.331 -0.164 0.216 -0.246 0.099 0.057
W] R & & Titratable acid content -0.313 0.078 -0.121 0.095 0.378 0.281
4% Fruit vertical 0.301 0.091 -0.364 0.173 -0.147 -0.083
L& Fruit quality 0.293 0.086 -0.431 0.084 -0.020 0.040
A PEE 2 it Soluble solid content 0.285 0.125 -0.197 -0.069 0.315 -0.012
A B AGEE 1 SOD activity 0.278 0.074 0.169 -0.110 -0.139 0.461
FFEUR R & Oleanolic acid content 0.259 0.304 0.074 -0.015 0.168 -0.109
{12 Fruit width 0.239 0.025 -0.336 0.236 -0.016 0.195
2K #5ifi & H Flavonoid content -0.070 0.448 0.064 0.062 0.041 -0.355
R HEFL 4B Amino acid content 0.002 0.404 0.103 0.085 0.185 -0.302
B 5 Tannin content 0.160 -0.350 0.112 -0.019 -0.081 -0.223
VEN & & Starch content 0.146 0.346 0.106 -0.201 0.067 0.342
J B Pectin content 0.229 -0.303 0.133 -0.095 0.297 0.099
FLPRF & Yield per plant 0.221 0.089 0.458 0.281 0.110 0.051
B A i & & Protein content -0.070 0.213 0.041 -0.615 0.124 0.016
Pk 4E 5230 Fruit number per plant 0.091 0.090 0.381 0.502 -0.061 0.119
& 7K Water content -0.036 -0.094 -0.142 0.177 0.566 0.169
YA RE S B Soluble sugar content 0.097 -0.261 0.043 0.022 0.421 -0.380
F5E{E Eigenvalue 4.958 3.262 2270 2.032 1.417 1.264
J7 Z5T#kZ Variance contribution rate/% 26.096 17.169 11.948 10.693 7.456 6.652
SR BT Accumulated contribution rate/% 26.096 43.266 55.213 65.906 73.362 80.013

*8 TRIFHELZBLBTRIGEBTIRHF

Table 8 Overall fruit score and ranking under different micronutrient fertilizer treatments

2% E 43 K 1543 Score of each principal component factor TR

Jhg FUERS  B2ERS B3ERS BaER BSERS Hexmsy AR GRfNEA

Treatment  The st The 2nd The 3rd The 4th The 5th The 6th Composite  Comprehensive
principal principal principal principal principal principal principal ranking
component component component component component component component

CK -3.719 -1.723 -0.441 -0.337 -1.125 -0.260 -1.820 10

Cl -1.744 -0.612 -0.779 1.684 0.677 -1.138 -0.623 9

Cc2 0.469 1.727 -0.249 0.710 -0.087 -0.777 0.508 3

C3 0.024 2.876 1.129 -1.094 -1.212 -0.878 0.461 4

Ml 0.138 1.255 1.178 1.937 -0.214 0.644 0.783 2

M2 -1.983 1.230 -0.909 -0.814 1.937 0.609 -0.396 8

M3 0.329 -0.369 -1.104 -0.740 -0.937 2.216 -0.139 6

Bl 1.367 -1.817 1.585 0.125 -0.283 0.872 0.356 5

B2 1.587 -2.883 0.988 -1.130 0.357 -1.189 -0.170 7

B3 3.533 0.317 -1.396 -0.342 0.887 -0.098 1.041 1

RS BN A A AR R R W EA R R ER S E R, TR ERE T

3.1 IEXER R AR SE = B R RS W13 55 B 1) 92 0.2% CaCloe 7ESEFRAE ;= rf, 25 A2

FEAE 3 AR ,0.1% CaCLACEE N RS ARSI R, BRI Sy vk , n) i % 0.1% Ca-
A B E K E 5 50.3% CaCL AN R sk Clys #7572 2 B2 [8 & 2N, AT 11 5% it 0.3% Ca-
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4 75

2,55 PR ORI i LR g B A TR SI 7 A 5 R 733

Clos #5772 A4 ey R Se = B At T 25 & A, mT w1
55 i 0.2% CaCl,o
3.2 HEWNEEARNREL~EMREAF

BERE 3 AR E R, 0.5% MgSO. AL FE T B fk = &
I, FARRSE e E IR 1 1.5% MgSO, 40 F K R sy
A& SOD BHE ey o R T 256 VPN 13
Iy IR A2 0.5% MgSO.. 7ESEFRA = H, 25 2 RELR
P AR B B KRB, T 0.5% Mg-
SOu; # /2 FEH & E FHNE , 7 T 55t 1.5% Mg-
SO # 2 AR TR i RS = 5 L IR 5 5 (8, AT T
5% i 0.5% MgSO..
33 WRESEEARRRE~EMMERAF

BIAE 3 N o, 0. 1% B VA R AL 3R oz
T B B bt 1 > 0. 2% M AD VA TR AL BN RS 4E A 5 CLml
EVERE S B, T T RS E K, 0.3% M Ab %
WAL PR SR SR R AR RN R T A K, SRR
P& n I ) E 2 e, [ R E i K. 0.3%
WSV B T e B VPN 3 20 ey o CESEBRAE 7™
Hh T THT T e 0.3 %6 B AD V5 ¥ e A SR Sl KAR FE A K
18 EE B A0SR 5 L e A R b B A R e, KR
AR f A 5 340 BB KR P 27 i v SR S e A T

EH AT T A 7 — S B IR
SRR S T4 A T RS T T 48 R A TSR s A
R (TSI AN B, T S 5 E— 2B R

4 4 B

BB A AT T R FH I 3 o e Ak R e 3R S B
(1) 3 AN B S Fe A [ R 2 2 v A B A JTUER 5 7= i A
b o P THT Y it 0.3% A Y £ 0.5% MgS0,+0.2% Ca-
CLIEBAEXTHETH 48 B A TR S B R i Jo SR A e
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