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Table 1 Changes in plant height, stem diameter
and leaf SPAD values of tomatoes at different
stages under different treatments

SPAD & EViil MR
< H) b
I 43 s SPAD  Stem diameter Plant height
Stage Treatment
value (mm) (cm)
4RI CK  50.37+1.04a 7.17+0.25a 21.00+0.87a

Young fruit TI  49.18+0.03a 7.97+0.45a 20.17+1.53a

T2 50.37+1.64a 7.77+0.64a 21.83+1.76a
T3 50.07+0.96a 7.08+0.71a 22.33+0.76a

R CK  47.43+1.87a 7.71£0.39b  24.17+0.29b
Mature green Tl  48.07+1.4la 8.05+0.40ab 25.17+1.04ab
T2  48.57+0.15a 8.74+0.59a 24.67+1.53ab

T3 48.48+2.34a 7.83+0.56ab 27.33+2.25a

% i 1] CK  49.02+3.02a 7.95+0.05b  24.67+0.76b
Color-changing ~ T1  49.40+1.74a 8.48+0.53ab 25.33+0.76b
T2  48.83+0.51a 9.04+0.43a 26.33+1.44ab

T3  47.50£0.53a 8.60+0.22ab 28.50+2.60a

4T B0 CK  48.67+1.83a 8.40+0.41b 25.50+1.32b
Red ripe Tl 48.50+1.13a 8.62+0.09ab 26.83+1.76ab
T2 48.62+2.58a 9.23+0.55a 27.83+1.89ab

T3 46.83+2.64a 9.02+0.17ab 30.17+2.57a

S ARSI BE )G AN F NS FRER R AR A B E 2 7 B3 (P<
0.05) .

Different lowercase letters after the values within the same columns at
each stage indicate significant differences among different treatments
at the P < 0.05 level.

W, #AbEY CK (A2 R 8, (HA AR ZERA
BE. 43, TIA T AHEESTCK, T2 5
CK. T1 M T3 ¥ AREER, HEmT CK,
P CK, T1. T2 F1T3 AbHE A ] 5 b 540 31
BT 30.57% 13.24%F1 20.10%.

5 4 BR AT R R R T A R AR R S I R
BN (& 1b) o CK AbFE A AT 5E B & AR 4
BB ZEST T1 A T3 408, & T2 AHERE
#, 5 CK M, fERFMBRAIMELIET, 43
W Bt R 21 AR 0 T i R A R AN R
FERIAR R . SR, T ACEE AT E R S B
N 3.69mg/g FW, 5 CK ZR R, T3 BT E
P T T 00 L S A €0 SR 21 Y ) T 3R S R

FAEHR Ve B A T AR S I R A R 1
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LA AS TR B R VS o R Ak L B S 2 BN T e 0 % I
W VeS8, 4R, T3 B TR Ve BRE,
BCK M T 21.20%, HUURE T2. 20200, T1#
T2 Ab¥FR R 35T CK M T3 AbBR. Bt l], T2 kb3
BEET CK. TI A T3, HCK'5 Tl T3 A
ZRRE, AR, ZAFEXT VA T3>T2
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Different lowercase letters indicate significant differences (P < 0.05). The same below.
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Effects of different treatments on soluble sugar, titratable acid, V. content and fruit firmness of tomato at various stages
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Fig.2 Effects of different treatments on carotenoids and lycopene in tomato fruit at various stages
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A PRLE LR AIARI AL R & BN A B 2 R,

1 H AR B A R S B R 40 3= & =R, 7E 0.00~
0.50 mg/100g FW . AL, T1 A1 T2 4b3E
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T2 Wb ER 2 F) 2 R A RE, HFEE TI>T2, M
B T2>Tl. #tal, 5 CKAHM, T1. T2 A1 T3

A FR B ARLL R & R IE N T 78.60%. 72.09% A1
30.23%. ZLAH, FrA B E AL R S EIA R
mfE, T2 k¥R, 4 15.76 mg/100 g FW.
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Fig.3 Effects of different treatments on chlorophyll a, chlorophyll b
and total chlorophyll contents of tomato fruits at various stages

G, T2, T3 AFFIHLEER a FLEMZEEY
BEET CKALF, T2, T3 ALK a 095
T CK AbFE 40.00%F1 32.00%, T2, T3 ALEH[ M
SR HET CK ALFE 31.52%A1 24.87%. T2 AbFE
M4 b & m T T1 R CK 4, T3 kb3 B
mT CK Ab#E, T1 Ab#m T CK AAHEARE,

g, MRS ESYHRIPHLAERET
B, T3 AMBIM4EER a B T HALE, Hih
AhERA ZE AR . T LB SR b R E S
T CK &b 2, FAbEEXI SRR b MmN T1>T3
>T2>CK. T3 AHE S48 5 B3 5T T2 M CK
AOFE, T1AHS T2 A1 T3 MR AREZE, TI.
T2 Al T3 4B 2% T CK A0 H 30.15%- 35.79%
1 74.74%.

B, AT AT H SR A B ARG, 4R
& a 5 EAE 0.046~0.140 mg/L, H4E K b & E1E 0.06~
0.15 mg/L, EME4EER S EAE 0.10~0.29 mg/L, AbHE
SRS a MR b AR SRR RN T2
>T3>CK>Tl.
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MR E R 881 ERD FELEE T Ve Rsint
GEF ay WIMAEER b AR SRS, T EN
HIRWINE R R A SIEFHEE; 56 2 R &
B AT B R, IR T R A0 4 R RO D IR R R
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Y1=0.096.X1-0.040.X>+0.233 X3+0.285X4+0.095 X5+
0.429X+0.267X7+0.433X5+0.435X9+0.46 1 X1 0

Y>=—0.494X1+0.354X>,-0.477X:+0.078X4+0.61 7 X5+
0.090X5+0.064X7+0.002X5+0.054.X5+0.026 X1 0

¥3=0.309.X,+0.563X2+0.087.X3+0.584.X4—0.064X5+
0.087Xs—0.332X7—0.294X5+0.114Xo—0.128 X100

A 3 AN B3 FoRE ISE PRI ARG STk 2 A, )
BRI

Y=0.546Y,+0.286Y>+0.167Y5.
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R2 RIS BT
THIEHE, FERMERBRRFEREE
Table2 Component loading matrix, eigenvalues,
variance contributions and cumulative variance contribution
rate of the three principal components at the young fruit stage

ot (R4, FERHEERT 1H 4 DEB,
FMTT Z TR 84.60%, ] LA 4z B4R bR b 2
ISR . 58 1 B> FELRE TR, AT
PERE. AR ERR . Voo RSEHZRE b MURSLE 2%
=, R T B Ak A SRS K E S LR TR
Jits 52 BN EELGE T REAUIR 2R a,
W T 7 ot o AT AR AR A IR TR & 1 R
Jis B3 BN FEORZER BB 4 B EEGE
T Ve FIRSEI SR b, O T & sk #U  aak
GEYAR

F4 FBH 3 ANDERSTHIESBATERE .

FHEE, FERMERRRAERHE
Table 4 Component loading matrices, eigenvalues, variance

contributions and cumulative variance contribution rate for
the three principal components at green ripening stage

A 2% Load coefficient

RERY
Wi H Load coefficient
ftem ERA 1ERS 2E R 3
PC1 PC2 PC3
Xi 0.199 -0.743  0.356
Xz -0.083 0.533  0.648
X; 0485 -0.719  0.100
Xa 0.594 0.117 0.673
Xs 0.198 0929 -0.074
X 0.892  0.135 0.100
X7 0.556  0.096 -0.382
Xz 0.902  0.003 -0.339
Xo 0.905 0.081 0.131
Xio 0.958 0.039 -0.147
VIGERFAEAE Initial eigenvalue 4327 2266 1325
J7 Z TR 4327 2266 13.25
Variance contribution rate (%)
RRT E TR 4327 6593 79.18

Cumulative variance contribution rate (%)

Xi: SPAD fH, Xo: ZEM, Xa: #hemn, Xo: WIVEMERE, Xs: WIEE
MR, Xo: #EEERC, Xo: W, Xo: MEEFK a, Xo: MERZE Db, Xio:
MaE. N,

Xi: SPAD value, X: stem thickness, X: plant height, Xa: soluble sugar,
X;: titratable acid, Xs: vitamin C, X7: hardness, Xs: chlorophyll a, Xo:
chlorophyll b, Xio: total chlorophyll. The same below.

HR I 75 43 2 sUATPEAN A AL A5 31 4 5 1A [A] it

e F S8 (K3, @it ESE5 D,
4 MEFRAF S HE A AR & T2>T3>T1>CKo.
#£3 HREUTFEHRLESABSHIF

Table 3 Ranking of the composite scores of different
fertilizer treatments at the young fruit stage

Ak 7 LR 1 PCL LR 2 PC2
Treatment 54y Score #fFF Ranking 7543 Score #{E/F Ranking

CK -2.36 4 -1.23 4

Tl -1.43 3 1.49 1

T2 2.07 1 0.21 2

T3 1.72 2 -0.47 3

g E R4 3 PC3 %54 Comprehensive
Treatment 54y Score #fF¥ Ranking #34) Score #EF Ranking

CK -0.24 3 -1.68 4

Tl 0.49 1 -0.27 3

T2 0.25 2 1.23 1

T3 -0.50 4 0.72 2
242 GERMIA O T HETRVRASAS R B ER A b0 B

ARSI FA0 , SRR B — FR AR D e Ok
M ZE, XF 12 4SSk RV PR AR BEAT 32 o)

i SR R 2 R 3 A
PC1 PC2 PC3 PC4

Xi 0.504 0.356 0.160  -0.244
X 0245  -0.661 0.628 0.177
X 0.504 0.769 0328 -0.136
X 0.802  -0.424 0.240  -0.033
Xs 0719  -0.238  -0.581 0.076
Xs 0.744  -0.285 0.011 0.392
X; 0731  -0.419  -0.080 0.157
Xs 0.376 0.849 0.138 0.323
Xo 0.924  -0.120 0.149  -0.118
Xuo 0.765 0.496 0.115 0.076
X 0586 -0.160 —0.127 -0.774
X2 0.559 0.235  -0.586 0.172

L ELEZNR(EN 5.052 2711 1.342 1.047

Initial eigenvalue

T3 ZETTHREE 4210  22.59 11.18 8.73

Variance contribution

rate (%)

BRTZETTRE 42.10 64.69 75.87 84.60

Cumulative variance

contribution rate (%)
Xu: EHE MR, X THLAR. TH.
Xi1: carotenoids, Xi2: lycopene. The same below.

R 2 773 A7 48 I % KA o DA L T
SAFEERF IR (R 4) , 834 NERS %18
Bott B RORFAL R B, DURFAL 1) B A M-SR b i
SR AR AL UG BB AR SRS AR, 7931 4 1 E
J8 I3 453 53 8 3

¥1=0.224X1+0.109X>+0.224X3+0.331.X43+0.357 X5+
0.32X6+0.325X7+0.167Xs+0.411.X91+0.340X10+0.26 1.X11+
0.249X12;

¥>=0.216X1-0.402X>+0.467X3-0.173X4—0.258 X5—
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0.145Xs0.255X7+0.516X3—0.073X9+0.301.X10-0.097.X11+
0.143X12;

Y3=0.138X7+0.542X>+0.283X3-0.009.X4+0.207 X5—
0.501X61+0.069X7+0.119X5+0.129X5+0.099.X10—0.109.X11—
0.506X12;

Y5=-0.238X1+0.173X>-0.133X3+0.383X4—0.033.X5+
0.075X6+0.154X7+0.315X3—0.115X9+0.074.X10—0.757X11+
0.168X120

PL 4 A~ 3 o3 Fiont B (R AR O TR 22 0B, 14
LR VAN .

¥=0.498Y1+0.267Y>+0.132Y3+0.103 Y4,

MR 1T 73 o M PE 15 BY 4T 21 % 28 AN 3R] it
JEALBRER G HE T (RS, KK T3>T2>
T1>CK.

*5 GFRHATRIERLEEASBIHF

Table 5 Ranking of composite scores of different
fertilizer treatments at green ripening stage

F s 1 PCl FAMIF2PC2 FEHS 3PC3
e mm WE mn i mn
Score Ranking Score Ranking Score Ranking
CK -3.49 4 0.35 2 -0.03 3
Tl 1.50 1 -0.95 3 -0.44 4
T2 1.04 2 -1.11 4 0.41 2
T3 0.95 3 1.71 1 0.07 1
phEL F Sy 4 PC4 %54 Comprehensive
Treatment 754y Score HEFF Ranking 7543 Score /5 Ranking
CK -0.12 2 -1.66 4
Tl -0.55 4 0.38 3
T2 1.05 1 0.39 2
T3 -0.38 3 0.90 1

243 #H &M 7 HER TS A [F B IR A 0 &
Fie O BRI, I3 Gt —F AR PN A ok
M 22, X 12 ANt B T4 F8 An HEAT 32 o)
ot (R6) , [ERFLERT 13 D,
FRTT Z TR 80.02%, AT LA S W8 b5 1K) K H8 73
BR. 1 EMnEELES 7M. AETEREm
Ve, SO T A O AE KRS EIRR R
JRERTHAZM s 5 2 Tlor B H LA T RIAE LR
MHELER, W T A e S ) R R L B AR
WA AR 56 3 sy F 2R RS 4 &
av MR b MM 2RE, EE R 1 % )
RLMa O AL TR

K T2 B 7 B I R % TUHCH B DA R 3
SHAHEERT R (R6) , 23 MEMy &I

Ro HEH3INMERIHBSHEIER.
FHEE, FERMERRRAETHE
Table 6 Component loading matrices, eigenvalues,
variance contributions and cumulative variance
contribution rate of the three principal components
at the color-changing stage

A ZE Load coefficient

IgE|
ltem EHA T ERS 2 EHA3
PC1 PC2 PC3
Xi -0.296 0.366 0.098
Xo 0.739 0.225 0.004
X3 0.490 -0.306 -0.718
Xa 0.844 0.176 -0.167
Xs 0.585 -0.205 -0.593
X 0.927 0.182 0.056
X7 0.344 0.812 0.095
Xs 0.629 -0.691 0.286
Xo 0.554 -0.726 0.337
Xio 0.600 -0.725 0.320
X 0.648 0.675 0.221
Xi2 0.634 0.707 0.126
VIGERFAEAE Initial eigenvalue 4.793 3.53 1.28
T7 ZTTIRA 39.94 2941 10.66
Variance contribution rate (%)
ENAVIEDY e 39.94 6936 80.02
Cumulative variance contribution

rate (%)

P L RJRFAIE ) B, DASREAAE ) o 9 AN B8 AN A5 FE o Ji
SRR AR AEL DUE BB AR TR S AR I, 1980 3 A
A A5 53 4 3

Y1=0.135X,+0.338X2+0.224X3+0.386.X,+0.26 7X5+
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0.290X12;
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0.097X5+0.432X70.368X5-0.386X0-0.386.X10+0.359.X11+
0.377X12;

Y3=0.087.X,+0.003.X>—0.635X3-0.148X,-0.524X5+
0.049X6+0.084X7+0.253X5+0.298X5+0.283.X16+0.196 X1+
0.112X120
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Table 7 Ranking of composite scores of different
fertilizer treatments at color-changing stage
FERSr 1 ES5'%i ) FRSr 3 ZRE
AT PC1 PC2 PC3 Comprehensive
Treatmentze /e Here 34 HF 5 HF B8 HF

ScoreRanking ScoreRanking ScoreRanking Score Ranking

CK -3.16 4 -1.21 3 048 2 -1.96 4
T1 -025 3 264 1 -027 3 081 2
T2 197 1 0.03 2 088 1 L1 1
T3 144 2 -146 4 -1.08 4 004 3

tr (R 8) , MJEFEME AT 183D, R
FAT7 ZE5THR % 80.30%,  FI LA S B (1 K #4015
Bo 1 EMD EELGEE T Voo REEE, KL
NERAME LI, S T 02 A ) AR A
92 B BEGES T MR, R AL
AIAR AR BIRG; 55 3 F o F 22 vl e IR,
S TEAR TN ST

<8 LIEAHA 3 NERSTHIRR ST ERTTRERE

FHIEE, HFERMERZRSETTE

Table 8 Component loading matrices, eigenvalues,

variance contributions and cumulative variance contribution
rate of the three principal components at red ripening stage

A 2% Load coefficient

T H
Item T 1 TR 2K 3
PCl PC2  PC3
X -0.092 —0.529  0.440
X 0422  0.684 -0.416
X 0.456 0.657 0416
X 0.840 —0.440 0.042
Xs 0.810 -0.209 0.136
Xs 0.478 0367 0.713
X 0.828 0316 -0.108
X 0.768 —0.599 —0.046
X2 0.841 -0.090 -0.398
WILEHFAEE Initial eigenvalue 3967 2019 1.240
7 ZETTBRZ Variance contribution rate (%) 44.08 22.44  13.78
BT E kR 44.08 66.52  80.30

Cumulative variance contribution rate (%)

R 3 53 At BRI 5 A Bk A I 3
SHRFEE IR (R 8) , 133 3 AL isr %46
Bt RLRRFAE [P B, AR [ B B A 25 1A i
g b e DUR BB ARSR R AR, 98] 3
1 A5 53 23 3

Y1=-0.046X1+0.212X>+0.229X3+0.422.X,+0.406 X5+
0.240X5+0.416X7+0.386X110.422X 15

Y>=-0.373X1+0.482X>+0.463X3-0.309X,-0.147X5+
0.259X5+0.222X7-0.422X11-0.063.X 25

Y3=0.395X1—0.373X2+0.374.X3+0.038X,+0.122X5+
0.640X5-0.097X7-0.041.X11-0.358 X125

L 3 AN T2 A3 TGS I (1 A 6 BT Rk e A,
BHEEA PP

Y=0.549Y,+0.279Y>+0.172Y5.

HRHE A5 73 A RN VEAN B 845 1) 21 24 A [R] it
JEAFEZE AR HET (R 9) , N T3>TI>T2>
CK.

F=9 AHAEMRELEBESESHF

Table 9 Ranking of composite scores of different
fertilizer treatments at red ripening stage

ER7 a2 )3 ZRE
fhFE PCl PC2 PC3 Comprehensive
Treatmenti s bR s SRR A5 HE RS HEF

ScoreRanking ScoreRanking ScoreRanking Score Ranking

CK -946 4 -136 3 020 3 -554 4

T1 5.23 1 -459 4 048 2 1.67 2
T2 2.51 2 066 2 -3.18 4 1.02 3
T3 1.72 3 5.29 1 2.51 1 2.85 1
3 g
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Effects of Combined Application of Monopotassium
Phosphate and Boric Acid on Growth,
Fruit Quality, and Fruit Coloration of Tomato

Huang Xinyan'?, Kuang Jialing®, Chen Yuewu?, Xu Ruo?,
Yang Zixuan?, Wu Shengnan?, Zhang Yichen', Zhao Weili*

("Yunnan Yuntianhua Co., Ltd., Kunming 650118, Yunnan, China; 2 School of Agriculture, Yunnan University, Kunming
650500, Yunnan, China; 3Yunnan Yuntianhua Yihua Phosphorus Industry Research and Technology Co., Ltd., Kunming
650228, Yunnan, China; “Yunnan Yuntianhua Agricultural Chain Co., Ltd., Kunming 650217, Yunnan, China)
Abstract ‘Red Dwarf Tomato’ was used as the test material, and four treatments were set up: monopotassium
phosphate (CK), monopotassium phosphate + 0.5% boric acid (T1), monopotassium phosphate + 1.0% boric acid
(T2), and monopotassium phosphate + 1.5% boric acid (T3). The effects of monopotassium phosphate and boric
acid on agronomic traits, fruit quality (soluble sugars, titratable acidity, vitamin C, and fruit firmness), and the
nutritional synergistic regulation mechanisms of color change (carotenoids, lycopene, chlorophyll) in tomato at
the young fruit, green mature, color-changing, and red mature stages were studied. The results showed that the
combined application of monopotassium phosphate and boric acid significantly promoted tomato plant growth,
improved fruit quality, and facilitated fruit color development. There were significant differences in boron
requirements across different growth stages of tomato, with varying effects of different boric acid concentrations
on tomato growth. T2 treatment had the most optimal effect at the young fruit and color-changing stages, which
increased stem diameter, vitamin C, chlorophyll and soluble sugar contents, while T3 treatment was most
effective at the green mature and red mature stages, which improved fruit hardness, titratable acid, carotenoids,
and lycopene. The study indicate that dynamically adjusting the boric acid concentration and monopotassium
phosphate application strategy can precisely meet the physiological needs of tomatoes at different stages,

optimize fruit quality, and enhance color change.

Key words Monopotassium phosphate; Boric acid; Tomato; Growth; Quality and color-changing; Nutritional

synergy
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