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Abstract To explore the application effects of combined of hydrogen-rich water, microbial agents, and
biostimulants (organic calcium, stevioside) on crop quality and soil improvement, this study took ‘Jingcai No.
8’ tomato as the test variety, planted two crops (spring and autumn) in greenhouses, and applied the above
substances in combination during the growth process of tomatoes, and determined tomato growth indicators,
fruit quality, and soil physical and chemical properties. The results showed that: 1) Compared with the tap water
control (CK,), the hydrogen-rich water+microbial inoculant treatment (HM) significantly increased plant height,
vitamin C content, soluble solids content in fruits(P<0. 05) at the early stage of transplanting, as well as available
phosphorus and total nitrogen contents in soil in the spring crop(P<<0. 05), and increased stem diameter, fruit
setting rate, sugar-acid-ratio, and soil available potassium content in the late stage of autumn planting. 2)
Compared with the tap water control (CK,), microbial inoculant control (M), and hydrogen-rich water+microbial
inoculant treatment (HM) , the hydrogen-rich water+microbial inoculant+organic calcium treatment (HMC)
significantly increased the vitamin C content in spring crop fruits, available potassium and total nitrogen contents
in soil of both crops(P<<0.05) , while reducing the pH and EC values in the soil. In conclusion, HM can effectively
promote tomato growth, improve fruit quality at specific ear positions, and enhance available nutrients to improve
soil. When biostimulants are applied in combination with microbial inoculants, HMC exhibits the best effect on

promoting tomato plant growth, increasing the vitamin C content in fruits at multiple ear positions, and improving

2025 4F 45 30 %

soil physicochemical properties.

Keywords tomato; hydrogen-rich water; biostimulants; quality; soil improvement
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Table 1 Effects of different treatments on stem and leaf growth of tomato plants
w0 PR fem ZH/mm DA WK fom AR/ Y
o Plant height Stem diameter Leaf Internodal  Fruit setting
Stubble Treatment b | b
15d 30d 50d 15d  30d 504  fumber engt rate
CK 26.38+ 65.70+ 148.80+ 8.09+ 11.67+ 12.94+ 23.07+ 6.50+ 0.92+
o 1. 36b 1. 75ab 1.12a 0.22a  0.19%a 0.15b 0.29a 0.09a 0.02a
Sﬁﬁ M 29.17+ 68.00+ 145.80+ 8.44+ 11.51+ 13.45+ 23.87+ 6.18+ 0.92+
tpr;;? 1. 22ab 1. 30a 0.98b 0.26a  0.30a 0. 14a 0.20a 0. 06ab 0.02a
stubble
HM 30.854+ 63.33+ 139.93+ 7.78+ 11.15+& 12.91+ 23.62+ 6.11+ 0.93+
1. 17a 0.82b 0. 94c 0.34a  0.08a 0.17b 0.48a 0.15b 0.02a
CK 23.374+ 45.06+ 98.414+ 5.95+ 6.62+ 7.13+ 16.83+ 5.78+ 0.74+
! 1.16b 3.05a 2.48a 0.15b  0.29b 0. 20b 0. 30a 0. 16a 0. 04c
%Ad(ifm M 20.974+ 42.484+ 100.51+ 6.50+ 6.884+  9.54+ 17.50+ 5.85+ 0.84+
utumn
stubble 0.63b 2.03a 2.41a 0.20a  0.32b 0.23a 0.29a 0.13a 0.03b
stu
HM 26.454+ 48.814+ 99.244+ 6.85+ 8.07+  9.90+  16.58+ 6.22+ 0.98+
1.23a 2.33a 1. 64a 0.17a  0.37a 0.19%a 0.40a 0. 16a 0.01la

TE - CK 2 %08 B b B 5 M Bk A= 0 1590 Ak B s ML O i 7K+ TRl 2 g T 50 b B ) 90 0l S ) 5 o R S [ Ak 8 i 35 22 5 (P<<

0.05), AFAAH3REE AR EE B ISR IE ., & 20,

Note: CK, represents the control treatment; M is the microbial inoculant treatment; HM is the hydrogen-rich water+Microbial inoculant

treatment. Different letters in the same column indicate significant differences among treatments (P<Z0.05). Each treatment had 3

replicates, and 15 plant samples were measured per replicate. The same as Table 2.
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Each treatment includes 3 biological replicates, each biological replicate consists of 5 samples (mean=®=SD, one-way ANOVA followed by
Duncan's test). Lowercase letters indicate significant differences (P<C0.05). The same as Figure 2. CK: Control; M: Distilled water+Microbial

inoculant; HM: Hydrogen-rich water+ Microbial inoculant.
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Fig. 1 Effects of different treatments on soil physical and chemical properties
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Table 3 Effects of different treatments on stem and leaf growth of tomato plants

. #iw/cm 41/ mm MR WK em AR/ Y
HEH Lty Plant height Stem diameter Leafl Internodal Fruit
Stubble Treatment b | b L
15d 30d 50d 15d 30d 504 umber engt setting rate
- 26.384 65.70+ 148.80+ 809+ 11.67+ 12.944+ 23.07+ 6. 50+ 0.924
’ 1.36b  1.75ab  1.12a  0.22a  0.19a  0.15b  0.29b 0.09h 0.02a
ve | 27-52E T0.97+ 15436+ 8.23% 1176+ 13.80+ 23.73% 6. 58—+ 0.924
1.3b¢  1.46a  1.41a  0.19a 0.35a  0.19a  0.2lab 0.09bh 0.02a
Sﬁﬁ vk 29-52F 67.50% 15535+ 8.49% 1140+ 13.33% 23.91% 6. 53+ 0.92+
OPTIIn.
Stpbbi 1.22abc  1.43ab  0.69a  0.27a  0.25a  0.l4ab  0.20a 0.06b 0.02a
Stu
iy 3295 63.07+ 143.35% 7.98% 1116+ 12.07+ 2318+ 6. 32+ 0.92+
i 0.77a  0.92b  1.37c  0.16a  0.08a  0.24b  0.24b 0.10b 0.02a
v ST TR 6573 15437+ 810+ 1117+ 12,01 2218+ 7,094+ 0.93+
1.21a  1.48ab  0.73a  0.27a  0.07a  0.15b  0.21c 0.09 0.02a
- 23.374 45.06+ 98.41+ 595+ 6.62+ 7.13+  16.83+ 5.78+ 0.74+
’ 1.16ab  3.05a  2.48a  0.15¢c  0.29b  0.20b  0.30ab 0.16a 0. 04b
Ve 2027 4307 100.04% 6.61% 7.1 9.54% 16,50+ 6. 20+ 0.90+
0.69¢  1.59 1.98a  0.27b  0.27ab  0.27a  0.34b 0.16a 0.02a
*Aktﬁmn vk ZL9LE 44325 99.34% 655+ 7.00=  9.97=  17.67 5. 76+ 0.94+
t“]:bl 0.77bc  2.58a  2.09a  0.18bc 0.20ab  0.29a  0.26a 0.10a 0.02a
stu e
iy PA76E 4020+ 100.03% 7.28% 7.72%  10.13%  17.42% 5.98-+ 0.924
0.89a  1.50a  1.82a  0.28a 0.24a  0.15a  0.43ab 0.16a 0.02a
Ly 2333E 48.08% 10434+ 6.86= 7.73+ 1020+ 1727 6.07+ 0.924
0. 88ab 2.28a 1.91a 0.21ab 0.22a 0. 24a 0. 38ab 0.12a 0.02a

L - CK, 3 R Ak B 5 MUC Ay f5 A4 00 T 790+ LS Ak B 5 MUK Ay k24 9 T 90 - 1 4 17 Ak B HEMEC Dy 5 0K A+ B B8R+ A BILAS AL 2 HMK
N e S A A R - AT AL B R S B b A R A AN R Ak B ] A A 5 28 5 (P<C0. 05) . AELLAL B 3R AL, SR T AL I

IS BRAE R . 4],

Note: CK, represents the control treatment; MC is the microbial inoculant+ Organic calcium treatment; MK is the microbial inoculant+

Stevioside treatment; HMC is the hydrogen-rich water+ Microbial inoculant+ Organic calcium treatment; HMK is the hydrogen-rich

water+ Microbial inoculant+ Stevioside treatment. Different letters in the same column indicate significant differences among treatments

(P<C0.05). Each treatment had 3 replicates, and 15 samples were measured per replicate. The same as Table 4.

2.5 E£WMRHAES KSR EMBRAZM

AR AL T i AN () A 2 1 5 512 IO 4 A 2 P S 2
S(RD, HMC AR IR, 56 LR M4 R C
TR CK W E R 1 49. 8% (P<C0. 05), A] I P [#
eI T 6. 106 BERR LLER T T 13. 800 5 A5 b Jii 25
BAERCREIRTE T 104, 4% (P<C0. 05) , Z54 b I
B, 7EJR SR 2 2 5 IR  HMC A BR7E4E C
it L CK. 24 1Tt (AT M E TR W B R L 2
TQIF 8 bR FRIATE . FRAEFR T, MC bR

AR E N B CR4E C & = TH 29 13. 6 26 AT i P
YT 11.1% B2t 4R T 23.4% . TQI 4 7+
76.02% . HMC 4bFHEE CK, A0 T vk B 94 7+ 1
4.55% HEFR L4+ 2Y 12.44%

LA RE EE T HMC b B 7E 55 1 504 4t
C& i AP Yy FOBE e L A — s 32t (A 4
55 2.3 A B ER 43 48 A R B W CK, B b &b
BB B, MC AR BEAE 2 A4S dh AR bR A I 4R
Ft, HMC 4bBEHS 7348 bRt A ol
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Table 4 Effects of different treatments on fruit quality of tomato plants
' el X . . o - A R
g AR CRE AIEMEEDEY AT R BT AT e R i W Comprehe
#H Bearin iR HE/ Cme kg Fh /% SE Cme/g) - TH/ (me/g) Suuar acid n%ilz/e
Stubble e € Treatment  Vitamin C Soluble solid  Soluble sugar  Titratable acid & . o
position . - . ratio index of
mass fraction content mass fraction mass fraction .
fruit
quality
CK 42. 50+ 6.03+ 37.97+ 6.03+ 6.31+ 1.80+
o 4.91b 0. 03bc 1.62ab 0.39a 0.14a 0. 34b
MC 51.32+ 6.13=+ 37.93+ 5. 14+ 7.34+ 2.20+
1.53b 0.03b 4.45ab 0.22b 0.59% 0. 64b
%1 FH
® l.%“% 52.20+ 5.97+ 34.014+ 5.14+ 6.63+ 1.37+
First MK
. 1.76b 0.03c 2.05b 0.11b 0.44a 0. 28b
truss fruit
HMC 63.67+ 6.40+ 43. 31+ 6.03=+ 7.18=+ 3. 68+
2.33a 0. 06a 0. 68a 0.01a 0.11a 0. 06a
HMEK 64.55+ 6.07+ 33.26+ 5.03+ 6.63+ 1. 74+
4.58a 0. 03bc 0. 84b 0.19b 0.09a 0.18b
CK 75.13+ 6.30=+ 35.82+ 5.03=+ 7.16+ 3. 17+
? 8. 08ab 0. 06ab 0. 90a 0.19a 0.45a 0.45a
N 60. 14+ 6.07+ 30. 95+ 4.91+ 6.35+ 1.52+
' 4.41b 0.12b 0.95b 0. 30a 0.50a 0.39b
Jepe 2 %
2R 76.01+ 6. 40+ 31.70+ 4,584+ 7.01=+ 2.60+
Second MK
. 3. 84ab 0. 06a 1. 24b 0. 30a 0.67a 0.12ab
truss fruit
HMC 76.01+ 6.40+ 31.77+ 5.03=+ 6.34+ 2.59+
' 4.91ab 0. 06a 0.41b 0.19a 0. 28a 0.13ab
FAE
. 83.95+ 6.30=+ 32.97+ 5.25+ 6.38+ 2.88+
Spring HMK
5. 36a 0. 10ab 1. 14ab 0.49a 0. 56a 0.43a
stubble
CK 75.13+ 7.30+ 58.02+ 3.57+ 16.79+ 2.48+
o 0.01b 0. 06a 6. 26a 0.59a 2.38a 0.40a
MC 88. 36+ 7.00+ 48. 34+ 2.90+ 16. 73+ 2.19+
) 2. 65a 0.45a 2. 29ab 0.22a 0. 64a 0.47a
3
® * * 90.12+ 6.80+ 45. 96+ 3.24+ 14. 23+ 2.03+
Third MK
. 4.67a 0. 26a 4.37ab 0.11a 1. 44a 0. 56a
truss fruit
HMC 78. 66+ 6.73+ 44,58+ 3.13=+ 14. 60+ 1.49+
) 0. 88b 0.09a 3.91ab 0.22a 2. 44a 0.25a
HME 76.02+ 6.83+ 42. 07+ 3.24+ 13. 36+ 1.33+
1.76b 0. 38a 3.85b 0. 30a 2.15a 0. 25a
CK 61.90+ 6.50=+ 55.00+ 4.02+ 13.95=+ 1.78+
: 4.58b 0.23a 5.63a 0.67a 0.83a 0.27a
” N 83.07+ 6.57+ 57.13+ 3.57+ 16. 29+ 2.59+
o AR ' 1.53a 0.03a 6. 40a 0.22a 2.60a  0.45a
Fourth
[~ [~ [~
truss fruit MK 77.78+ 6.70=+ 51.35+ 3.35+ 15. 33+ 2. 14+
1.53a 0.17a 5.51a 0.0la 1. 64a 0.51a
HMC 84.83+ 6.50+ 55.89+ 3.91+ 14. 25+ 2.42+
' 4.91a 0.15a 5. 60a 0. 30a 0.43a 0. 56a
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VK 83. 95+ 6.73+ 57. 40+ 3.574+ 16.41+  2.82+
1.76a 0.13a 1.57a 0. 40a 1.55a 0. 28a
- 57.054 6. 23+ 62. 87+ 4.02+ 15,644  2.27+
’ 6. 50b 0.18a 5. 39a 0.01b 1. 34ab 0.10a
e 82.19+ 6. 43+ 53. 57+ 3.13+ 17.29+  2.39+
' 5.78a 0.13a 6.63a 0.11c 2.58a 0. 46a
555 R
i K 79.10+ 6.17+ 59. 53+ 4,24+ 1411+ 2.49+
e 3.82a 0.20a 6.67a 0.22b 1.81ab  0.47a
truss fruit
e 86. 60+ 6. 27+ 51.52+ 4.91+ 10.57+  2.50+
6. 89a 0. 29 7.47a 0.22a 1.78b 0.62a
LMK 71. 60+ 6. 40+ 54. 46+ 4,47+ 12.284  2.38+
1. 76ab 0.06a 2.17a 0. 22ab 0.95ab 0.07a
- 38. 98+ 6. 60+ 32. 924 7.59+ 4344+  1.74+
e 0. 88ab 0.06d 2.33a 0. 59 0.16b 0.40a
e 44. 27+ 7.30+ 33. 994 6. 25+ 5.44+  3.01+
i 2.33a 0.01a 2.85a 0.22b 0. 44ab 0.47a
fffﬁ K 27.514 7.10+ 36. 894 6. 70+ 5.56+  2.35+
mn
o 0.01d 0.06b 3. 28a 0. 39ab 0. 63ab 0. 3%
stubble
C 33. 69+ 6. 90+ 31,52+ 6. 48+ 4.884  1.67+
3.18be 0.01c 1.65a 0. 22ab 0.33ab 0.36a
LMK 30. 16+ 7.07+ 33,774 5. 584+ 6.044  2.10+
0.01cd 0.07b 2.28a 0. 22b 0. 20a 0.37a

2.6 EYURFFINEEKEERIT T EBHERHN

A

- HE pH R § R 0y T, B AR S K AR AR 2
5o HMC &b BEAE RO e by, 3% FR AL T 3 pH
M EC i (P<<0.05) , # #£ pH 1 EC 43 5l FE AL T
3.94% 0 39.37%, BK HE 4 W BEAR T 5.77%
28. 8% (2>, B AE Y AIFR L & T H LA
it Hoh HMC &b BECR e A | 0 35 78 FBKRE 1Y) 4
Ao e RS 15.32% M 22.65% (P<
0.05) . - HEH B & fEAE AN TR 4D 3R A 8 2 K
RO 22 5 W) W OB B (R R 32 B AN W] b R
M, HMC &b B 75 4 A0 Bk 2 (1 38 2040 & 43 ) 4
T 56.62% F191.34% . ZrG i s, HMC 4b 3 7E
PR A R R | A R 3R D R R T G R
Oy & EECE B, X e 4 g AR R A
HE T AR R A B A R R R A S R AR A
U

3 Wit5%R

AW T B A R R it RS R K
WK A il FH X 7 am R A A R R R K e R B P

Ivi) 338 0 A D ol A R ) B i N S R A K Bk
AR R T FEmMA AR, HhEYE
I F B EOK 1 B A e FH A E AT ) 096 Bk v Y 4 T
eI RTE N EVA R =R Ry IR B SR S b
i, 2 BH E SUK R AE 8 T R A N TR I AT
AL T EFRERKSERERM AR, X —HE 5 Xu
SRR 5 A R — B0, TR R A A TR S 5
ARBENA RSB . bR T VRS W IR %R
S AN B P TE R P A 25 R R S SRR AT
EHRE MM EAEH . &Sk a4,
A6 J7 39 2 g 55 B0 B Y B EUK S
R ERR M, B AR pH A1 EC {5 . & B89 pH F1 EC
(A5 R F 5 245 25 il 22 0 0 A K BB, DT TR il o
e EHEAESRE ™., MBI EREEEMET
T B AR AE B A HE T L A AR 8,
T B A 255 b A BT 22 1) TR 24 [ 3 R R AR R Ll
WA AT AR 2 E R R &
T R AR K IR B A5 21 0l 38, MR AR WT LA B {5 A
Ko, 38N 7% 43 A W A T R R R [R5 e
PR AT e B A — 5 i M AR R 7R AN T
b e IR R SR R N RO . LR
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CK,: Control; MC: Distilled water+ Microbial inoculant+ Organic calcium; MK: Distilled water+ Microbial inoculant+ Stevioside; HMC:
Hydrogen-rich water+Microbial inoculant+ Organic calcium; HMK: Hydrogen-rich water+ Microbial inoculant+-Stevioside.
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Fig. 2 Effects of different treatments on soil physical and chemical properties

RS AR RS & 2K EEMNTRE AR,

S P S PR 5 T AE B B R e, T TE S JBU7 T, B K A W R B R S
AE SO B T BE SR O RN . KRR A X MR E R TR SR 4R A R C MR PR EDE B &%
AU TR S LR RS RE ) > R R A B ATRE IR T EUKON A A B AR (SOD) i



172 0 LN ES I Y NS S 4

2025 4F 45 30 %
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Wk /D PR 3 X 4 A 3 C O SR A A, DA B8 H
5 I AT R o 0 2 T RS SUK (e HE
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W 5T PR 555 20 W 26 B, (026 0 1 700 00 e R
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SR RE T, X SR IR AR B A5 R B (EA
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TGS N AR B B R G SR L E— 2 5] A L
AN R S E SUK P RO . SR
B, A= g o 3859 0 K A A T Ak B 3 A R K L
PR AR R (S IR (E R @ S RE e i i I P
A ORTETA AR TR o & S K A+ Y B R+ AL
5 CHMCO Al s & 7K —+ A P 1 7+ 1 28 1 (HMKO
A 3R AE R[] A K B BRI 1A S B, i e T A5 LA
FEAG AR A E RS, AP RS 54010
BE 1) T BRI 4 - 240 M 45 R A, 6 A A R i
T A9 AT HILAS (3 07 W] LA S G5 0 R A B T A E
20 11 43 S RN DT X Z5 R B8 o R R f ot
P TE 1R S B R A T Al A i i AR
RET O AEIE T IR 5 10 WO 5 e R 1 A BT
Ik R AN R YR 43 38 R A3 G, AT A R S
WO T TR FEVE o AE S S 5 T, HMC 4b 21
WERES T LA SHENEERCEE, M HMK
b PN W E AR T TS 1 ARG A M RO )
(P<<0.05) . FFFE45 5 T F FLE B #F 98 — 2,
& U 65 JIEL R A8 AT G A [ A A B A A S
Jii BT o LT A A B B AR T OBKCEE S S AT A R
L PR TR L, o T O R AR R
WOR) RN B K S S kR T Y AR T

HMC Ab#35  F AR T L pH AN ECH , £ &
SR 5 LS A A2 BE T AR o 0 T Sk
TEAER AR HE T A LR 0 4 W, FEAR T R SR 4
FENY L AN, BTG A P Y S B T 4 M
o, Hod HMC Ab 38 76 5 2 P L ot B i T
56.62% . FIEMYAERKERTMXHEICER, KA
PE Y 48 = 7T g 5 A 0 B R A AR R T
g rp o [ S A O

A FE i SUK S R T R G (CHMD Rl A
A M E AR S A MEA K, B ERTFHE
)RR 755 Bk ZE ML AR SRR (P<C0. 05) , Bl 35 1
S AR ZR C ORI AT DR W A i, O 8 O RIS 1
pH EC H K 42 7 20w . 2/ & B B £ b,
by 7 i A R AT R AR A R R A i A AT
E— 25 3 U R RN, v B UK AR ) R+
A7 HLES CHMCO Ab 38 3% B R AR < 35 CK, M H: Al b 28 I
TR A R Y A R C A M E A
&R H R (P<<0.05) , B 3 B AL+ 3 pH M EC 5
(P<C0.05) , [Fl B} 25 A ik 25 AH 3 K R 22 07 2 52
i R T SE A RO T HMK AR B . K [R) 7 O 4
2 5 R, BT R F CAnid BE O B8 %56 m] B 5% i)
Aab B AR R, Bk A FR HMIC XoF - 38 3 2% 0 1) 412 T i
o T ARAE, 2 W AR 7 AR AE 1A S AR it
o R bR RUK S R P TR A T S B it
A A T S A A SO it EBK A it T A ML
A — 25 B s kR Ry it 7 o O T R AR R Kt
BT RS A AR L T AT AR S %
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