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Effects of different potassium fertilizer levels on the quality,
nutrient accumulation and yield of protected peach

WANG Yu, LI Yonghong, LI Jie, TIAN Qihang, LIU Guojian,

CHEN Hu, CHANG Ruifeng, WANG Zhaoyuan®
(Changli Institute of Polomogy, Hebei Academy of Agricultural and Forestry Sciences, Changli 066600, China)

Abstract In order to explore the comprehensive regulation effect of potassium on the quality, nutrient
accumulation and yield of protected peach, the protected peach superior line C26-7-17 was used as the
test material. On the basis of a nitrogen-phosphorus fertilizer ratio of 1: 0. 5, five levels of potassium sulfate
were set according to the mass ratio of 0, 0.5, 1, 1.5 and 2. After the fruit matured, the fruit quality, yield,
and mineral element content in the fruits, branches and leaves were determined. Correlation analysis was
carried out between the yield and the content of mineral elements in different parts. The comprehensive
evaluation of fruit quality was conducted using principal component analysis to determine the optimal
amount of potassium fertilizer. The results showed that: Under the condition of mixed application of nitrogen
and phosphorus fertilizers, the application of additional potassium fertilizer significantly increased the fruit

weight, soluble solids, sucrose, fructose, and glucose content, improved fruit coloration, decreased the
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titratable acid, malic acid, tartaric acid and citric acid content, and significantly increased the yield of

protected peach. The application of potassium fertilizer increased the K element content in the fruits,

branches, leaves and most of the mineral element content in the branches. Except for K element, the

content of most mineral elements in the fruit decreased; The yield was significantly positively correlated with

the P and K elements in the leaves and the Mg and P elements in the branches, and significantly negatively

correlated with the N and Mn elements in the leaves; The content of various elements in the fruit was

significantly positively correlated. The comprehensive evaluation of quality and yield indicators showed that

the NPK, treatment (nitrogen fertilizer 152 g/plant, phosphate fertilizer 292 g/plant, potassium fertilizer 269

g/plant) was the optimal amount of potassium fertilizer under the conditions of this experiment.

Keywords peach; facility cultivation; potassium fertilizer; quality; yield; nutrient accumulation
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Table 1 Mineral element contents in 0 to 20 cm and 20 to 40 cm soil layers in the greenhouse before fertilization g/kg

TR /em ) ) N
e o i 5 % B i # 4
Depth of soil
P K Ca Mg Fe Mn Zn Cu
layers
0~20 2.28 1.20 3.82 5.29 4.73 21.60 0.41 0.16 0.05
20~40 1.67 0.95 3.48 3.98 4.43 21.27 0.39 0.15 0.05

1.2 REHE

B A RL S VLT3 48 A4 Mk B 2 e S A4 BF 52 T 1
BHEHA IR C26-7-17" ,20194E FE E E 4,
F I, R 1,65 m, BT FEHE S em,
1.3 REHE
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1292 g/#k) , LAA il 2 Wi A S o B B 1R R 44 R O
0.5.1.1. 51 2 9 J5 i L 491135 & 5 AN E AKF-, 43 3] 2
NPK,(0 g/#) .NPK, (67 g/¥k) \NPK,(135 g/#) .
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FER 30 °C, K i 2% 4y 5 H: SPD-20A 48 AN 2% , K
W 4 Sk 210 nm 3K 56 BT B LAY U 3 AH ¥ 2 0t
0. 45 pm faf FL 8 B3k 38, A 0 A 3 225 0. 22 pm
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1.5 HIEKERSW
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JH AR S 35 4R T O i ik T M R A BRAIG
TRl ERR R . NPK, NPK, A1 NPK, &b B 1) a] %
PEE JE W & & 11.48% . 11.29% 1 11.68% , 5
NPK, 4 Fb , 43 5] & 3 800 17 13.73% . 11. 87 % Al
15.71% . W] € IR % & B& NPK. 4} ,NPK, .NPK;
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Effects of different potassium fertilizer application rate on fruit shape of protected peach

fib F R /g P42 /mm 42 /mm FIE 5%
Treatment Fruit weight Longitudinal diameter Transverse diameter Fruit shape index
NPK, 169.70+18.14 b 63.90+3.07 a 69.36+2.25a 0.9140.06 a
NPK, 167.90415.11b 62.81+2.77 a 68.57+2.69 a 0.9240.03 a
NPK, 170.60+17.93 b 63.95+2.96 a 69.70+3.88 a 0.934+0.03 a
NPK, 180.484-13.95 ab 65.19+2.19 a 70.21+3.03 a 0.944-0.04 a
NPK, 186.59+15.98 a 65.04+2.76 a 71.95+3.32 a 0.9240.05 a

1 NPKZ R AL ; NPK, F7R il AL 67 g/ Bk s NPK, 2R it AL 135 g/ Bk s NPK, 2R i A B IE 202 g/#k s NPK, R s A #7E
269 /Mo FP IR AEUE N AR HERE T o A b B SR IO SOk B 15 AR IR R R b B ] 22 St 3 (P<C
0.05). T,

Note: NPK,, no potassium fertilizer; NPK,, applied with potassium fertilizer 67 g/plant; NPK,, applied with potassium fertilizer of 135 g/

plant; NPK,, applied with potassium fertilizer 202 g/plant; NPK,, applied with 269 g/plant potassium fertilizer. The values shown
in the table are “mean=standard deviation”. Fruit morphology data were obtained from 15 fruits for each treatment. Different

letters indicate significant difference between treatments (P<Z0.05). The same below.

x3 AEHREAENEERRLECRHZIN

Table 3 Effects of different potassium fertilizer application rate on fruit coloration of protected peach

Ak PR . . .
L a b h-
Treatment

NPK, 54.47+3.50 be 8.9541.46 be 27.01+3.20 ab 66.75+7.81 ab
NPK, 58.99+3.52 a 9.984+2.88 ab 29.64+3.20 a 72.16+6.23 a
NPK, 56.56+3.77 ab 6.52+1.24 ¢ 28.09+2.94 a 73.03+4.55a
NPK, 57.83+2.77 ab 8.16+1.72 be 27.95+2.66 a 69.09+6. 60 ab
NPK, 52.87+3.31¢ 11.57+1.32 a 24.32+2.95b 62.43+5.18b

L RN IR S (O s o SR L AR 0 22 AR, I (EDB R 20 (VR 5 07 R W (A 22 FR AR, IE (MR (B s N S A B TR RR L h°
=0 LA =90 #0517 =180 Wik G a4,

Note: L" indicates the brightness of the peel, and the larger the value, the brighter it is. «” is the indicator of the difference between red and

green, and the larger the positive value, the darker the red. 4" is an indicator of the difference between yellow and blue, and the larger the

[14

positive value, the darker the yellow. A° is a comprehensive color index, 2°=0 is fuchsia; 2"=90 is yellow ; A"=180 is blue green' "".

2.2.2 XNEHE EE AEEFLERSZH SR

Bk S T AR R SRS A B R A R A
TR i e, o IR R, W T LA 3 AR
T T S OB, IR Ry Ll A R A OB L
A 25N K B IE X 38 Bk T B A A 5 )
TR 5, 1L A AR RE & 2 AE NPKL AR T 5ok,
5 NPKAH 43 500 2 2 38 1 21.85% H143.50%
Titi 4 Ji5 TR T 4 053 9 o 18. 55,23, 10,18, 95 Al
21.22 mg/g, ¥ & T NPK,(16. 10 mg/g) , NPK,.
NPK, 4t # 5 NPK, &b 2 4 Fb 25 5 ¥ 35 1) 8 3% K

o SR R A 2 0 O ik B R OIC B ¥ 2 -
Th, ¥4 NPK, 4b BT 35 2 e KAE (7. 21 mg/g Fl
2.86 mg/g). AWM EHAENPK A TR EST
X} i NPK, 19.50% , % 4 B £ NPK.. NPK, #il
NPK, A #4350 i 3 & T % B 23.00% .42.51%
F152.99% o R ME A0S0 76 4 FhoBE & 2 b i He
K, HoWE e NPK AL BE T & 3% w5 T X R )
I} 7E NPK, AL BEF 4 29 0% & &1 35 & T 0 B8, B
DL NPK, &b 3 7E 48 = o] % vE B A o b R R
BT
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Table 4 Effects of different potassium fertilizer application rate on the main quality indicators of protected peach
Ak 3 AR T R & % AT E R & /% TV TR 2 40/ (mg/ gD
Treatment Soluble solids content Titrable acid content Mass fraction of soluble sugar

NPK, 10.09=+0.64 ¢ 0.384+0.01 a 70.824+2.13 b

NPK, 10.70+£1. 10 be 0.3240.01 b 71.714+3.13b

NPK, 11.484+0.83 ab 0.384+0.02 a 97.17+2.11 a

NPK, 11.29+0. 50 ab 0.30£0.02 ¢ 77.574+4.42b

NPK, 11.68+1.08 a 0.2940.01 ¢ 72.954+5.22 b

T« BRI SRS A SRR B9 AR S

Note: Fruit intrinsic quality data for each treatment were obtained from 9 fruits.

x5 AEIHEKERSITEEREAS M
Table 5 Effects of different potassium fertilizer application rate on sugar component of protected peach ~ mg/g
Treatment Mass fraction of sucrose  Mass fraction of glucose  Mass fraction of fructose Mass fraction of sorbitol

NPK, 16.10£3.27 ¢ 1.87£0.08 ¢ 6.03£0.68b 2.884+0.27b
NPK, 18.55+1.75 be 2.0040.14 ¢ 5.9840.27 b 3.0440.25b
NPK, 23.10+1.87 a 2.304+0.15b 6.34£0.25 ab 3.514+0.13 a
NPK, 18.95+1. 27 be 2.6640.25a 6.544-0.41 ab 2.834+0.06 b
NPK, 21.2240.33 ab 2.8640.08 a 7.21+0.62 a 2.854+0.07b

T BEAS AR PR R 20 B R A5 AR

Note: Sugar fraction data for each treatment were obtained from 5 fruits.

2.2.3 sSpEBR BELBRAFERRSETNY A
BRAE XS A PLER & & 0 2 UL 3R 6., 3 Rl A LR
e, SRR T & 4 B L E 2.67~3.93 mg/g
Bl FEU2 Fr i R , ot it 73 B07E 1. 18~1. 54 mg/g,
A7 BRI 7E 0. 12~0. 23 mg/g. K e BEAP AR B4 fn T
SRR AR, MW AR AR T R & i, NPK,
Ab FEAH b NPK, W3 FEAR T ST A LI 1Y & 1t . Bl
B A, SRR B it N NPK, A B R 2 R
R4 3, 78 NPK R NPK, b R S5 50 18 5 43 50k
3.32M12.67 mg/g, 5 NPK,(3.72 mg/g) M It B #
AR T 10.84% F1 28.31% . 7 1 lig % &= 7F NPK,
(1.18 mg/g) NPK,(1. 34 mg/g) I NPK,(1. 34 mg/g)
Ab BER 5B AR T NPK,(1.44 mg/g) , 73 9 F T
18.47% .7.16% F16.87% o W A1 BR & L 76 it 41 J5
¥ T NPK, (0. 23 mg/g) , 76 NPK, (0. 14 mg/g) .
NPK,(0. 12 mg/g) il NPK,(0. 16 mg/g) 34~ 4b #l

G390 i 5 BEAR T 37,519 .46, 23% M131.66% .
2.3 FRTEARE
2.3.1 FRAFTHFRALEZLSZTHY A

BRAE XTSRRI OC R & R B, KA
LR G EYAEN FHED, L Fe st £ K& AW
o REATAE A ER N, N P K .Ca.Mg.Fefill Zn ot &
BRI RS BB Mnoe R RN
“BE-TE-RE-TE R AR A R R TT R M AE NPK AL #E
AR, B 0 EAE 22 B 7E NPKOAGFE R 4500
oI E T E AT NPK AR K T EBRAb .
2.3.2 MBEFFRALELEN YA

H1 6 7 T, 55 At &R T A L, 4 1 B0 IE A 3
Py TR P UK AT Mg 90 2 7 i 5 N Il Mn ot
E R T NPK AL HL AN, Ca Fl Zn TG 2 B T NPK, Ab #
Hb, FIRITCER & A R AR B BT . 4T
F 7 o B A0 ) e R — 3, NP K.
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Table 6 Effects of different potassium fertilizer application rate on organic acid component of protected peach mg/g

4k 3 SRR 5 B Py A IR B ik K A7 1R J ik 7
Treatment Mass fraction of malic acid Mass fraction of citric acid Mass fraction of tartaric acid

NPK, 3.72+0.07 ab 1.4440.04 b 0.23+0.05 a

NPK, 3.934+0.15a 1.18+0.08 d 0.1440.04 b

NPK, 3.5240.10 be 1.34+0.07 ¢ 0.12+0.04 b

NPK, 3.324+0.10 ¢ 1.54+0.02 a 0.1740.02 ab

NPK, 2.6740.21d 1.34+0.04 ¢ 0.1640.02 b

T RS AR B A AT HLR 40 B ok 5 AN RS

Note: The organic acid component data for each treatment were obtained from 5 fruits.

x7T TRAHEAENRXIREZFERTZRENEMN

Table 7 Effects of different potassium fertilizer application rate on nutrient element content of fruit and branches

A M A /(mg/e)  Wi/(mg/g) BF/(mg/g)  #5/(mg/kg) #:/(mg/kg) #k/(mg/ke) %/(mg/kg) #¢/(mg/kg)

Parts  Treatment N P K Ca Mg Fe Mn Zn

NPK, 19. 04+ 2.71=+ 21. 39+ 397. 41+ 875. 34+ 17.76 + 7.78% 7.34+

) 0.34a 0.08 a 0.34a 6.41a 29.65a 1.32a 0.15a 0.59 a

NPK 18.914+ 2.41+ 20. 554+ 356. 25+ 791. 45+ 15. 2+ 5. 284+ 7.04+

l 0.10a 0.14b 0.91 ab 22.85b 51.35b 0.20a 0.11¢ 0. 86 ab

s NPK 16. 42+ 2.35+ 19.514+ 219.77+ 711.01+ 8.81+ 6. 74+ 6.18+
Fruit ’ 0.29b 0.08b 0.64b 15.68 ¢ 7.45¢ 0.84b 0.14b 0.51 ab
NPK 13.90+ 1.71+ 18. 35+ 139. 09+ 614. 03+ 2.02+ 5.07+ 3.77+

’ 0.11d 0.28¢ 0.79¢ 23.31d 40.10d 0.17 ¢ 0.05¢ 0.17 ¢

NPK 15.91+ 2.42+ 21. 41+ 352. 384+ 734. 34+ 4.22+ 6.52+ 5.80+

! 0.19¢ 0.01b 0.04a 11.23b 85.26 b 2.74 ¢ 0.31b 0.98b

NPK 18.99+ 1.434+ 12. 024 8. 86+ 1.594+ 33.06+ 14. 74+ 7.21+

! 0.27d 0.21c 0.96 ¢ 1.42¢ 0.21b 5.86a 0.53b 1.77cd

NPK 21.88+ 1.91+ 13.43+ 12. 08+ 1.894+ 40. 654+ 18. 84+ 17.19+

! 0.36a 0.10b 0.43b 1.32a 0.18a 5.72 a 0.45a 0.96 a

%k NPK 19.49+ 2.05+ 16. 61+ 10. 84+ 1. 74+ 37.67+ 19. 60+ 9.95+
Branch ’ 0.19¢ 0.03 ab 0.25a 0.17 ab 0. 06 ab 5.58a 0.43a 1.51 be
NPK 18. 77+ 1.90+ 13.96+ 10.07+ 1.67+ 15. 15+ 13. 41+ 11.84+

0.11d 0.11b 1.03b 0.71be 0.13 ab 0.42b 0.88b 2.06b

NPK 20. 83+ 2.24+ 15. 994 6.83+ 1.90+ 20. 17+ 19. 69+ 6.19+

: 0.22b 0.11a 0.56 a 0.54d 0.16a 2.02b 1.15a 1.93d

TE AR I BOCR B 5 AR, 1048 20 em KGR S o ANIA) TRk 278 A0 FILIR] 22 57 (8 3% (P<C0. 05D T[]
Note: Mineral element data for each treatment came from 5 fruits, 10 branches 20 cm long. Different letters indicate significant difference

between treatments(P<Z0. 05). The same below.
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IR HH Al D DR 1 R TR A E R T - - T B R B
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2.3.3 AR FRAEASTU YA
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BEAR bR, 38 LA D 3R AT DL A BT R AR 5 IR
LT 3R 8B X i T B T R A A S .
i S N JG % & B % NPK, 4b 31 4h 1 18 35 4% T %t
W PRI K JT 2 ok B it B o 184 % 347 189 o, NPK,

AbF PRI K JC & K e W W, 43 i) & NPK b
FEAY 1. 91 M 2. 13 5. Cast K & & 7F NPK, #ll NPK,
b 3T 3 NPK, Ak B 5 2 BEAK, 3 5 AR 1 30. 33%
F14.02% . Mgt & & 75 NPK AT i 28 T
Xf HE 33,83 %0, HiAth 4b # 5 XF BT W] 18 22 5 . Fe ot
F O ik B AR OIC it A G0 S T S R AR, NPK, Al
NPK, &b B & NPK A PR 2. 21 F5 F1 2. 07 /%, 2 )5
BEFIIE A 3G 0, Fe U 3R & & W & ek, B0 & 4
Z A2 AR Mg Ml Fe JGZE & . Mn flZn ot
Egen iR YRR ISR TSR PN DR f o
Mn 7 NPK, fll NPK, &b 8 & 2 & T %5 38, 78 NPK, fl
NPK, A F R 5 21 T XF B Zn o0 % & = 76 NPK, 4b
PR K, 0 17.86 mg/kg, W T X 18 16. 84 % 5
FE NPK Ab 35T AH bk B8 5 28 BRI T 19. 26 %6,

*8 AEHEAENHREFRTERENHIN

Table 8 Effects of different potassium fertilizer application rate on nutrient element content of leaves

b B &/(mg/g)

W/ (mg/g) #1/(mg/g) #5/(mg/g) #/(mg/g) #/(mg/kg) #%/(mg/kg) #F/(mg/kg)

Treatment N p K Ca Mg Fe Mn Zn
NPK 36.71% 2.46% 22.8% 12. 18+ 3.37% 31.78=% 66.23% 15. 29+
’ 0.53 a 0.22¢ 2.11 be 0.98 a 0.46 a 1.55d 0.38 ¢ 2.37hb
NPK 35.72+ 2.38% 21.87% 13.16+ 3.81=% 70. 14+ 72.38% 12. 34+
' 0.33b 0.28 ¢ 1.48 ¢ 0.72 a 0.22 a 4.08 a 0.36 a 1.32¢
NPK 37.08=% 2.69=% 23.25=% 8.48=+ 3.59=+ 65. 89+ 44.88+ 17. 86+
’ 0.43 a 0.22¢ 1.51 be 1.21¢ 0.19 a 1.19b 0.40d 0.95a
NPK 35.24+ 3.29+ 25.32+ 10. 47+ 3.56=% 38.35% 71.15% 14. 21+
’ 0.59 b 0.52b 0.44 b 0.79 b 0.49 a 2.07c 1.10b 0.28 be
NPK 34.27+ 4.70+ 48.45=+ 11.92+ 2.23% 19. 89+ 15,17+ 15. 05+
! 0.18 ¢ 0.17 a 0.07 a 0.14 ab 0.20 b 1.03 e 0.20 e 0.17 b

TE AR A0 B B Ok 1 R A A — B0 10 o J s

Note: The data for each treatment were from 10 leaves with the same leafl age and growth.

2.4 FERZFUE

Jit 9 %ok 15 vt Bk 7 R A 2R 5 Ak 25 Y R A L 3 9,
NPK, A F f Bk =8 F 28 50 3 25 e K, M 6. 64 kg I
43 465.69 JC/667 m”, HLik 7 i NPK, b 48 5 1
43.15% ; HoA b T BBk 77 1 2 5 T NPKfH 22 5%
AN MR R R Y 25 SR SR SR AT A S, v
REBRIE R T — R LB, 76 NPKAG T, — 9%
He k3 T 75% .

2.5 AEAHEERETEERRELRBRR”

SEEITH

X A5G v 16 A4S S S B R A8 AR E AT 2
B AT (R T10AN 1D 4R BUH 4 M FRIEE R T 1
() 32 8 43, % R Y 25 BT R 3R 4 0 R 44.175%
21.717% .13.181% #18.015% , it ik Rk 5 T
87. 087 % , 1t B 4 B Ay 3 B 43 7T LA Sz W K 34 43 48
AR MG B . RIS E M ZE 5 it E

i)

il
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Table 9 The effect of different potassium fertilizer application rates on the yield and economic benefits of protected peach

AR SR S )
. ENEEE i N
RS e/ % et Cka) /667 m) - NERHEA/  GU R/
)7 HD ./ (Tt m STE . .
MR MR kg The N - GE/667mD (JE/667 m)
) ] ) 667 m*) Output value of  (JG/667 m*) - )
Treatment Yield perplant  Fruit  Proportion of ) ) Fertilizer Economic
) Yield different grades Output . .
grade different ) input benefits
) of fruit
grades of fruit
— 45.5 15 008. 31
NPK, 4.64 b 2 061.58 28 491. 05 286.48 28 204. 57
—% 54.5 13 482.74
— 30.0 10 924. 94
NPK, 5.12b 2 276.03 30 043.58 414.60 29 628.98
—% 70.0 19 118. 64
— 27.3 9034.11
NPK, 4.65b 2 068. 25 27 077. 50 544.63 26 532. 87
—% 72.7 18 043. 40
— % 58.3 21 100. 20
NPK,; 5.09 b 2262.03 32 419. 39 672.74 31 746.65
4 41.7 11 319.19
— 75.0 35413.24
NPK, 6.64 a 2 951. 10 44 266. 55 800. 86 43 465. 69
4 25.0 8 853. 31

T < R B IR 4% 4. 4 T kg, B Bk BT K 4 H Gy SERE T — 20 R 16 00 kg M, TR 1200 /kg R . R B S HT AR IfE

DB 1303/T 341— 2022 i #k 5% 52 43 )t 1o7

Note: K,SO, fertilizer is calculated at 4. 4 yuan/kg, and the unit price of peaches is calculated according to the market price of fresh peaches in

April. The first grade fruit is 16 yuan/kg, and the second grade fruit is 12 yuan/kg. Fruit grading refer to the local standard DB 1303/T

341-2022 Facility peach fruit grading''®’.

A I 5 A A Y £5 G A5 48, S A 3 1 B 43 Sl
J—1.237.—0.938.0.301.0. 768 F1 1. 207, HE 4 th
K #] /N & . NPK,>NPK,>NPK,>NPK,>NPK,,
P I A5 H B X e 3 15 it Bk SR S 5 R R
AW EAE T, L NPK, A B A 2508 f i
2.6 AEBUT RTESESFEMNHEXELS N
RS A& MR R AT O R e K (A
MEVE T R LW D, R 5 F P KILER
THERBFEMELR, 5HEZP Mgt R T
B BETEAME, 5 A N Mnoo % S5 8% M5
ORI S5 S S5 S T T 4 L1 N1 R T
FIIEAE G R, HRHR 43y 25 il i 5 K- o 7R
%%, P5K,Mn5N.P.K,Ca’§ Fe.Zn &M Nk
BFELEMERXR ;Mg 5N P K Mn,Fel57Zn3k
R EFIEMERLR, AT &ITER R HRA
Hh SRR 17 A 56 (F7E 0. 4~0. 6) B 3R 11 A 6 K &
(rE 0. 6~0.8), 2 ik & 5L ik W FH K, N 5 P

K.Ca,P 5 Mg .Fe Mn,K5 Mg.Fe Mn,CaXt Fe,
Zn;Mg 5 Fe Mn,K 5 Ca,P 5 K,N5 Fe 2 [i] & &
FEM R EA G, A Fe ot R & & 5 HAb AL
HAB TR B R EY) Bk Fe i R 5 iy
N.Mg.Fe Mn £ & 3 s B & EAHC, 50t 7
P UK T3 B3 GO OG 5 SRS P Y Fe 5 R A
Ry PUK G R B e 3 UM G, SR T Fe S i
FIEAX,

3o #
3.1 FEMEEAENEEMRRIMARTEN
A

AR A P B R T G
ST TR (B T AT P R A
TR R K R
B S — B M, A RGN SE T R A
R 52 7 00 R 0 R 5 A €95 A
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Table 10 Matrix of components, eigenvalues, and cumulative contribution rate of each index under different levels of potassium

fertilizer
. W1 W 2 W4 3 W 4
EERN Lo L. . .
Principal Principal Principal Principal
Index
component 1 component 2 component 3 component 4
L E Fruit weight 0.911 0.018 0.174 0.011
Y\ 12 Longitudinal diameter 0.779 0. 050 0.461 0.209
B 4% Transverse diameter 0.878 —0.107 0.220 0.188
I 8 #4 Shape index 0.506 0.597 0.526 —0.153
L’ —0.288 0.693 0.456 —0.425
h —0.124 0.841 0.443 0.002
Bl VR R W) T 43 30 Mass fraction of soluble solids 0.851 0.353 —0. 220 —0.010
CIRT A 31
) ) ) —0.601 0.242 0.014 0.722
Mass fraction of titratable acid
A %5 W T i 43 B8 Mass fraction of glucose 0. 869 —0.125 —0. 203 —0.125
SO BT 5 43 8 Mass fraction of fructose 0.893 0.003 —0.135 0.047
TE B T H 4 50 Mass fraction of sucrose 0.546 0.601 —0.416 0.238
L B O B 43 K
] ) —0.156 0.834 —0.289 0.362
Mass fraction of sorbitol
SR T 4 B
] . ) —0.89 0. 300 0.268 —0.126
Mass fraction of malic acid
70 TR I+ 43 4
] o ) 0.336 —0.274 0.657 0.434
Mass fraction of citric acid
77 9t
) ) ) —0.253 —0.704 0.517 0.125
Mass fraction of tartaric acid
7= Yield 0.758 —0.032 0. 044 —0.229
FE1FE{E Eigenvalue 7.068 3.475 2.109 1.282
75 2% 4 /% Variance percentage 44.175 21.717 13.181 8.015

Z 3} 5Tk % /% Cumulative contribution rate 44.175 65. 891 79.072 87.087
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Table 11 The principal component scores, comprehensive scores, and ranking of different potassium fertilizer treatments

a1 ot 2 By 3 BTy 4 Zia it
Ak . o o o HE#
Principal Principal Principal Principal Comprehensive .
Treatment Ranking
component 1 component 2 component 3 component 4 scores
NPK, —2.397 —1.838 1.030 1.057 —1.237 5
NPK, —2.280 1. 115 —0.319 —1.632 —0.938 4
NPK, —0.403 2. 300 —0.970 1. 341 0.301 3
NPK, 1.467 —0.182 1. 536 —0.531 0.768 2
NPK, 3.798 —1.416 —1.183 —0.089 1.207 1
N @ 0 8 0® o8 o 8 e * ® o e
RIP | 050 L . & 66 ® coefficient
fyKlos o @ @ O ® ® ® ®@ o o 0 1.00
WarCalos2 087 093 ® S & O o0 ® *%
HIMg | 084 094 092 096 e & & o o O i
RACFe 096 072 051 069 0.76 o0 ® O ® 0 o @ O
HSMn | 045 071 056 052 065 047 ® o O ® o @ o [ ] [ )
A2 Zn 088 080 062 076 075 084 053 o % 0760
AN | 040 026 038 048 027 0.19 -032 039 ® ® o o o o
Fi45P |-0.52 -030 -0.11 -0.26 -040 -0.68 -0.39 -034 0.42 sk ® o O [ BE N ) ® EEY * — 0.40
4K [-048 018 -0.15 -034 -0.38 -0.61 -0.09 025 0.15 081 * & ® 0 o ® 0o 0
i 4Ca020 -0.19 -038 -024 021 027 -0.45 0.12 0.8 -0.01 -0.10 sk o000 0O o @ - 0.20
A4 Mg 002 003 023 020 005 -021 -031 004 063 056 052 0.09 ® ® e o O
ﬁ,%Fe 0.62 034 002 018 026 064 010 053 0.16 -032 -0.18 0.74 0.06 ® 00 o & & & @ L 0.00
HiZ&Mn 022 036 037 031 021 000 005 035 069 066 067 006 0.64 020 ®
M 4cZn | 016 025 -028 -0.14 0.19 0.16 -0.70 -0.03 045 0.10 -0.16 0.86 028 052 0.07 ® O ® & o
I HN| 042 027 005 -0.06 0.8 058 044 042 -036 -045 -0.18 050 -0.42 0.71 -0.05 0.09 [ M M ) ® S 020
i HP |-047 006 028 007 -0.05 062 0.01 -027 0.18 065 050 -0.69 032 -0.78 032 -0.52 -0.70 e o060 &
i B K |-034 006 039 021 007 -0.52 008 -0.17 027 0.62 046 -0.73 036 -0.73 039 -0.52 -0.71 0.98 ® ® & O sk -0.40
- FCal028 026 058 0.65 048 015 002 023 047 -0.06 -038 -0.43 027 -0.35 -0.03 -0.11 -0.6] 042 052 LN ) ® o
it FMg| 029 -0.14 -033 -0.15 -0.14 029 -0.18 008 008 -031 -020 0.50 002 0.66 002 039 042 -0.66 -0.62 -0.30 ® o @ -0.60
I HFe| 030 -0.02 -029 -0.18 -0.14 033 -034 022 031 005 010 088 0.4 075 033 075 053 -0.66 -0.67 -0.57 0.57 @ [¢)
I F-Mn [ 028 -0.19 034 -0.15 -007 045 -028 004 -022 -0.69 -0.71 063 033 0.52 -0.63 0.58 042 -0.86 -0.88 -0.I5 052 043 o0 ~0.80
M FZn |-022 007 0.7 -024 -0.14 -0.16 051 003 -042 021 047 -0.09 -032 0.04 0.7 -0.44 038 0.08 006 -0.54 -021 -0.04 -0.40
FEAE 1023 011 038 023 012 -044 -0.12 -0.13 037 054 047 -043 062 -038 040 -020 -0.64 0.73 075 045 -049 042 -0.61 -0.14 100
5 © <9 A '
A s S e W W T SR

RN 22 5 3 (P<C0. 05) , #* 3R 22 % 1B 35 (P<C0. 01D

* indicates the difference significance level P<<0. 05, ** indicates the extremely significance level P<Z0.01. The size of the circle indicates the

RPN S

size of the correlation value, and the numerical part is the specific correlation coefficient.
1 AEBLETRTERESFENHEXESN

Fig. 1 Correlation analysis between mineral element content and yield in different parts
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T U TR B 3 48 AR €T Al 3
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Jit P4 A J S R IRk A I P T e X

WAL AT BRI 7 AR T NPK AR B 15 B i A
A T RE S R A A b R R A S R TR
CeyMED 1 i 4 15 X A I R AR Sl ( PEPC O 45 A
SRt ) 395 P AT S e 1 AT LR B A



o5 7 1

FAE AN [ B0 AL AKX BBk i B 57 40 B R e i Y 5 99

R R SO 7 A A R Bk A 3 56 A5 O R
(14 R A0 T LL Ry 20 12 35 v T A S K 1t it Bk 4
i 200 g/ Bk B IE 5 (T & KO 111, 2 g/#K) , it
J A R Pt K A 80 55 ORI Bk 2R AT 22 K it
JIE A5 H0 U 4 it P £ 43 0 A 180,80 1 360 g/ Bk i}
Jit S 250 SR o 5 AR S 7 4 A R M B Bk &2 R it
A A5 1 N:P: KB HE 76 1:0.5: 1. 5 1§ (N: 336 kg/hm’?,
P,0: 168 kg/hm?, K,O: 504 kg/hm®) £t A F] T 42 &
HESL T, AT LA [R5 A kR A [ R 5 A T A
B 14 it A A — S 25 5, 3Kt 150 B i T T AR 4 24
Hiu 2% F L ol R P R 5 B S B P M R AT, 3X
BEA RESCBURG e RL 2% R S A AR B o AR 6 a0 i
ZEATEM S NPK AR FET 140 g/#% K,O F & e,
5 RS A R . R R
HE 4t Sy BT 38 A 19 i KRt A — 2 3 L N 4k 2 1
R AT 8 X i T RO T A R B — Y
23 AR
3.2 AEHEEAENEHERREL BHEMMH R

TRTESENEM

ANFEFAL TR T EARKES X550
XFIC R M RO Ay FLREME A G . FESR S K
B R SRAER G, AT R UL Ry s
E R ICRZIRAEZ RN TAE-, AR
Jiti 9 N A5 AR S O RAERRTE, B oo &R
FE R A B IR R BT e B A AR ALt BT E R A
U B R R

L5 3 B A T 0 L B R BE AR L
b % 43 1) e, B BRI B A AT R B 3 A
FIRORT, R EHEY TR TR /N A
ARG B e B T S R S R AR R R K
RS AREHRLGSE RS H -3, A& aEH
JCE F R NPK AL B R &0k, B3 & T U6 R
BEAL AL 3R o TR B POK ST Z ) B A Er R AR R
S RARTIE b P UK T T 3 B B i 2R
B A [ 7 A8 Ak B it B0 S B N Tk e RN R A%
TP KGR, BETERT Fest R4, HAth oo
o A IE R R, 16 B A R R Rk 2R
KR EmEmyirE. RPN P K. .Ca.Mg.Fe Mn
HZn JC 3R B ik B bt 0 3 i e RS e L AT R S
T ARG 6 MR R RO R T,
BROCE Tk i T AR T BRI TR B SRA K,
HI 55 T 5 70 2 4 F R S ) Ak AR SR 4 L IE

% 269 g/bRAF, BRIE K #EAE A, 45 0 R & PR T+
o P UL () R0 AR I L X SR S e R
A7 TS, LA R R A T i — 2D BRI

AN, EZ G R XHKETF5 Ca MgiE T
Z BV AE 52 2% B A AR RGP0 ok 2 A i Mg B
FR) TR VAL e B A R I A Mg B 1 L Ca B T i
I HL B M U B IR X Mg B 1 ) RS is i A
e o A0 45 L 5 w0 B 5T 45 A A 0L, it 4
JEJG A % Cagt & M Mg oo &R & it et 2
TER A A0 TF W TR RS Mg oo R & i B IK
T AN it 220 Wl A Ak B 5 LA 2% v Mg o0 R % A it 6
JIEJ5 f 2538, T R H TR 5 B 0 A BV TR 2
BN FEA T 22 5, WA ] e AR 06 Y 4 vk B i
I B A 2% o B 7 A A B4 I SR

FASEHE 73 B R W] Fe oo R 5 HAB R A7 0 K 8] &
FEY), VLW Fe 70 3 & f £ (8] 4252 ) L Ath 35 437
IICE i, K&k Feon Z MM H i Fe MnotE
S TR LT e B T AR 1 B R BRI
HARE M A A& Fe ot B XM Ao Moot R
oo, A SRR Sk Fe st R At 7 Fe,
MnIt & . LRGSR T80 G T 1
R RA B XA RS IR RA A X,

s SRAEIRE A5 R R A B TP K S
2] A R i R AR S 7 R TR AF TE TEAH DG OC &R , vROE A8 i
F CuMnJ o R 5™ & 2 8 A G, RS
FE 28 320 AH SR 53 B R B AR 43 A7 45 Hh AR S 7 i S
FP . N.Fe.Cafrim it W EHEKR, I F 545
X AZAR A 5 & B SR e rfoi P i S Ak
MIAH G PE R K. A, w50 P.KITE,
5K % Mg PG R AF7E 8 3 IE M XL R0 A N
Mn Jt F & & 5 77 i 2 0 SR Y R O O¢
#,P KITEMEGRES Lid¥H % NITRLGRA
—H, REPEITCRZMAARFIEHXELR, U
WO S0 i & 0 T R i AR A AR R — 3, O HAE
AR IR 4545 B R 4 v P UK I Mg 1 35 4 R 42 i 7= 4
A BB A FE 1, B0 BB FR T ROK P2 R
7 i 11 A it

4% #

B it B AT 4R v T Bk 0 SR S L R R 2
Ealcta , b BB T BR SR B 4R i 7RO B
TORSE @I TR R TR A AL



100

0 LN ES I Y NS S 4

2024 4F 55 29 %

BT RS R KT R A LSO A R R
JOCER & FEAR TR SR R FOT R A,
1o 1 3 Ak BTG 1 R o R e ROC R T
RS PUKITER, S Mg PIC R B
MRS A, HAR S % 0 R Z [0 77 78 2 35 1E AR G
KF o X dh BRI R AR HE AT 285 PE M 45 ) NPK,
(K,O F 140 g/#k ) 4k B AL 5% 1F T e A A A1
HEF &
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