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Abstract In order to explore the role of agricultural Jiaosu (AJ) in improving the quality of organic tomato
during germination and planting, germination and cultivation experiments were carried out by taking tomato
variety ‘Pingguoqing” as experimental material. In the germination experiment, the commercial seedling (S)
and farm-made (Z) substrates were used, and each substrate was treated with AJ (JS) and water (CK),
respectively. The germination energy and germination rate of tomato seeds were determined; In the
cultivation experiment, a split zone design was adopted. In the main zone, the amount of AJ root irrigation
250 mL + aboveground spraying 20 mL (J,) were applied, meanwhile the control is to replace AJ with an
equal amount of water (J,). In secondary zone, the amount of 15 (Y,), 45 (Y,) and 75 (Y,) t/hm? organic
fertilizer were designated. There were 6 treatments in total. The plant height, stem diameter, internode
length, leaf SPAD, yield, quality and soil nutrients of tomato were measured, and the changes of sail
microbial community structure under the treatment with the highest comprehensive evaluation value (D) of
quality were measured. The results showed that: 1) AJ improved the germination energy and germination
rate of tomato seeds. The germination energy and germination rate of ZJS were 26.7% and 4. 3% higher
than those of ZCK, and the germination energy and germination rate of SUS were 2. 3% and 2. 0% higher
than those of SCK, respectively. 2) In the cultivation experiment, AJ promoted the healthy growth of plants
and improved the yield and quality of tomato. Compared with J,, the stem diameter of tomato treated with
J; increased by 6.4%-7.1%, the SPAD increased by 6. 3%-7.1%. The plant internode shortened by 11.9%
-21.2%, and the yield increased by 9.7%-16.9%. Under the amount of Y, and Y, organic fertilizer, the
lycopene content, vitamin C content and sugar-acid ratio of J, fruit increased by 55.7%-70.7%, 7.2%-17.0%
and 24.2%-33. 4%, respectively. Compared with J,, and the comprehensive evaluation value of fruit quality
of J;was higher than that of J,. 3) AJ improved soil nutrient status and microbial community structure.
Compared with Jy, the content of soil organic matter of J, increased by 24.2%-43.6%, the content of nitrate
nitrogen increased by 17.3%-28. 0%, and the richness of soil bacterial and fungal communities respectively
decreased by 12.2% and 22.8% compared with J,. However, the fungal abundance of the phylum
Ascomycota in the soil increased by 6.24%, and that of Firmicutes and Acidobacteria increased by 6.31%
and 11.33%, respectively. In summary, AJ effectively enhanced the germination of tomato seeds in
different substrates, improved the plant type and leaf photosynthetic capacity of tomato, and increased the
contents of soil organic matter and nitrate nitrogen. At the same time, it also increased the abundance of
microorganisms such as Ascomycetes and Bacillus, promoted the growth and development of plants,
which makes it can be used for high-quality and high-yield cultivation of organic tomato.

Keywords tomato; agricultural Jiaosu; germination; planting techniques; soil microorganisms
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Table 1 Treatment in germination experiment

Ak B B iy 5 T Ak
Treatment Type of seedling substrate Substrate treatment
ZCK H 2k K
&Y H 1 (Z) Farm-made
7JS T B 50X 4 JH i &
SCK H kK
B (S) Commercial
SJS T B 50X 4 JH i &

1.3.2 AHXE

FAE 3t 56 SR P 24 X 1, 32 IXh V8 B e e P
F &, X A HLIE & R R
fii i i 2 7K P - HEAR 250 mL+ Hb b 5 mE i
20 mL(J) (PhEF & A SRR XD . A HLUIE &

BB P E 3K 15CY ) (45(Y,) (75(Y Dt/
hm?, W3 2, A HUELE ML — A o A&
F W Ty 1 B R AR I Ak I B S EE TR
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Table 2 Treatment in cultivation experiment

AP/ (/hm®) Ho b AR £/ mL
ik 38 o HE AR AR/ mL o
Application rate of . Aboveground
Treatment ) o Root-irrigation dose )
organic fertilizer spraying dose
Y. Jo 15 H 3k 7k 250 H 3k Kk 20
Y.J, 15 AT 250 AT 20
Y.Jo 45 H 3k 7k 250 H 3k Kk 20
Y,J, 45 AT 250 AT 20
Y.Jo 75 H 3k 7k 250 H 3k Kk 20
Y., 75 AJ 250 AT 20

T AT AW R o AR e 2 AL HEAR IR BE 2000, M b RIS 1o 765 T 300> {1 AH
Note: AJ, agricultural Jiaosu. Agricultural Jiaosu is diluted by 200} during root irrigation

and diluted by 300 X during aboveground spraying.
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aboveground spraying; J;, 250 mL AlJ for root irrigation + 20 mL AJ for aboveground spraying. The same below.
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Fig. 2 Plant height (a), stem diameter (b), SPAD (¢), and internode length (d) of tomato plants

under different treatments
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BB EST Y. R Y,(P<0.05), & A LI H &
B, 7 i A B2 T
2.2.3 RABEE BB AIE NG YR

H1 P& 4 A0, AS ] Ak 2 8] 2 o SR S AT DR
Yo o 3 22 R, R AR AUIE A L Rk

1=A
o

T 25 081 ) 2t X 3% o T VS DR ) B S R 3 R
BE. VAHYRLFEMORSE R ES T LA
(P<C0.05) , fEAS 6] i 7 ML AR FH b 0, Ak 31 2R 52
T R IAE 158.00 pg/g A b, ik 3 T

224.61 pg/g(Y,J), J Ak B (%) 5L 52 36 i 41 2 % 5 )



56 10 XA - A TR F 6k A L3 Al s it A= 7 i VR 143
30T (a) a 2507 (b) .
wk ¢ a § 25t 1
on
=3 a =  200F b
S g2l a e
32 28 s) ¢
o S 24 o 3 150
g = 4o o DOF
R 222 e 2 d
22 g & 12s]
ES 20t} ey e
=} = 100 €
3 ¥
\F 18 L s
16 50 \ .
Y1JU YlJI YZJn YZJI Y3J0 Y3Jl YIJO YIJI YZJU YZJI Y3Jn Y3Jl
Qb3 Treatment AbFE Treatment
260 1 (c) a 4.0r(d)
a
240 + % 35k
= _220F b £
oh «= <
E‘) F_.CJ _‘-; 301
= £ 200 | 5 b
i 3 ¥ sk
& Cisot ¢ & -
&% E c c ¢ n 8 be
L e0| R 20 c c
@ > e [4
Yol40 ) £ 5 "X“ m
120 1 1 1 10 L . L L L .
YIJO Y1J| YZJ() YZJl YKJU Y3Jl YIJO YlJl YZJU YZJ| Y3JU Y3Jl
Qb Treatment AbH Treatment
401 (e) —=— R & it Total acid content - 10
a 2 a 9
35F b
W 18
gz EE
g < 16 X g
= 3 25} = o
IH 5 153
4 Bl pels
& a be 14 €3
2 w5
25 15¢ d od 4 {38
Fa 12
10+
11
0 L 0

Y,J Y,J

170 171

YZJO YZJI YxJn Y?'Il

AbH Treatment

B4 FELGEHFHATBEERY (a) FEHLER(b) HFEEEC(c) MEBLL (d) FTABEMBEREE ()
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Lycopene
PC, 2.657 66.431 66.431 =N
. —0.843 0.312
Total acid
PC, 1.020 25.488 91.919 Ve 0.982 -0. 009
GRS i
PC, 0. 307 7.665 99. 584 v P 0.962 0.045

Soluble sugar

fif 53 3 — 0. 843.0. 982 F1 0. 962; PC, 1, FA 41 % GAHET A REW L ARAVEAE T  KHBEER
h EBAER B HEF A 505008 0. 959(F D, T AL FE B 27 A VR (DD T IR A B, 7R R
TEARAF & 25 G e br sT Bk R 09 2L all B RS A HUIE A & YD R AL BEF 75 00 B L 25 B VR E 44
J& oA ER(E 45 25 A F8 A I R TF B A [R] A B Y FY I Y I > YT > Y > Y > YT, S,

x5 TRLEBESEFRENERERHEDRESEN

Table 5 Comprehensive index value, weight, membership function value, D value and comprehensive valuation of differnent

treatments
e S TR s R (R LT
Comprehensive index value Membership function value D Comprehensive
Treatment )
F, F, U, U, valuation
Y. J, 0.531 —0.625 0.523 0.168 0.424 2
Y. J, 1.799 0.241 1.000 0.495 0. 860 1
Y,J, —0.856 —0.736 0. 000 0.126 0.035 6
Y.J, —0.402 0.610 0.171 0.634 0.299 4
Y,J, —0.455 —1.070 0.151 0. 000 0.109 5
Y.,J, —0.616 1.579 0. 090 1.000 0. 343 3
A
. 0.723 0.277

Weight

2.2.5 RMEEREBEAHIE R LEIR SO HH (P<<0.05),
HR6TH, 5 I M1, )3 Y, Y, Ym0 & £ 2.2.6 RABEZRBEXNAMNEH LIEHMED G

WA PLE &SI 24.16% .43.58% .27.72% EAC)
(P<<0.05) , i & & & & 4 3 J+ & 28.04% . P& S AT, i £k BE T A ) B8 N B AR T

17.29% .21.5% (P<C0.05) , £ 25 & & & 20 9 7 & 2%, 150 B Ak 22 14 0 I R R G VA R T K Y
75.74% .49.1% .167.92% (P<<0.05) . M4h, A W A 2 B ASV I 235 LR 6% S B > iR AR
Ab X A S A R A OT R R BRI AT S A R

B, BAHVEHEZE M EASESES IR iy [ 6 7] 1, M AT T T, B 40 B R 78 Chaol 45
FES EY M EEAS SR EMRT LMY, BN R B B AR 8. 31% A1 8. 3094 5 EL I BE VR
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x6 ARQETIEANR.ESEESR . SHNIHEE
Table 6 Soil organic matter, nitrate nitrogen, ammonium nitrogen, total potassium, and total phosphorus content under

different treatments

Ab 1 HHLE/(g/kg) i & A/ (mg/kg) A A/ (mg/kg) B/ Cg/kg) B/ (g/kg)
Treatment Soil organic matter Nitrate nitrogen Ammonium nitrogen  Total potassium Total phosphorus

Y. Jo 23.144+0.28b 35.734+1.38 ¢ 1.3640.02d 19.34+0.38 ¢ 0.714+0.08 b

Y.J, 28.734+0.21 a 45.75+1.91 a 2.39£0.06 b 18.49+0.27d 0.7540.03 b

Y.Jo 20.6340.64 ¢ 39.564+0.44 1 1.1240.36 d 20.1940.51 ab 0.79£0.02 a

Y.J, 29.6240.69 a 46.40+1.13 a 1.6740.04 ¢ 19.74+0. 36 be 0.85+0.04 a

Y.J, 22.764+0.79b 37.8141.49 be 2.65+0.11b 19.53+0.29 ¢ 0.84+0.02 a

Y.J, 29.0740.70 a 45.94+3.53 a 7.10£0.15a 20.6940.16 a 0.83£0.02 a
50007 (a) 500 (B}

4000 -

S g o),
2000} S 200} o)
1000} 100 }

| Y © O © - K—ry R S S 0 S
Q \ \ Q Q Q Q NN Q Q Q Q Q Q
AN \Q@ \5@ mQQQ ,f)QQ %QQQ ";DQQ o8 N N N N N N

J¥4 %0 Number of sequence

N N N N N N

J¥51 %t Number of sequence

E5 AREAETHIEME (a)FIE B (b)Chaol 35507 B i &

Fig. 5 Sparse curves of soil bacterial (a) and fungal (b) Chaol index under different treatments

Chaol 458 BUFH #8053 5l FEAK 7. 06 %6 F1 5. 65 % ,
B REAS Al 31 ASV BN T T, HE 20 T R B R
T E R EYEAL. i RIEREE Z R & R AR
BOrT UL o5 TR A T B R R I 2R B 2
5o BRAh, JC I R A T RE I I8 2 LI RE T Goods
coverage $§ B3 >97 % , Ul W A YR I I B A SC
TR B W 2 ST LA R AR A W 1 B S
DL

H P17 AT AL, 7R AR R VR R R L T A 5053
AN ASV, I 5 5 676 DA ASV, M & g
3044 ASV, 1B I8/ T 12.2% . fEEWBEEF
R Ab BRI S AN R E AR R 2 R AL T,
FEA B E ASV 356 4>, Jo 5 A H I ASV 4374,
FHIAH ASV 4164, 1,88 T80 T 22.8%

NSRS -1 o o A A N o < S e o=
BEAS HE 24 1L 0 DL 34T T 2 TR, MO R AR TR TR T
(Proteobacteria) . i £ B [] (Actinobacteria)
M ¥ W 1 (Acidobacteria) . ZF . i B [

(Gemmatimonadetes) | J& B [ ['] (Firmicutes) ., 4t 25
[T (Chioroflexi) . ¥ ¥ & '] (Bacteroidetes) , {H A
[0 T2 F B A A BT 2200, T8I,
LR TR TR ZE MR ) B 4 i D 32120 .
24.67% M 7.99% , ¥IE T J,#Y 33. 8994 .26. 53 % Fl
8.2100, fH J& JL & BE T '] (9.440%0) (MR AT B[]
(11.98% ) HIH T 1,(6.31% . 11.33%) . 7 BB #f
HITKE K B2 AR B B I 2 1 4
P 17 CAscomycota) fi 4 X} ft #, H R J& & W 1]
(Mortierellomycota) , H ¥ I, 09 7 % & ] £ F
(83.20%) & F J,(76.96 %) , 1 J, B4 8 B 1] F B
(2.59%0)m T 1(1.72%%)

HE— 2 X REA R VAT LESe 73047 , 76 LDA 1
B =>2. 5 B 2544 T 0 BEAS [7] b 38R 1 b 2 41 0 S b
AL ANET 9 B 7R o JoRY R 5 A b 3 20 8 B AL 23
) J2 B (4 FF 7 BF ( Xanthobacteraceae ) & 12 T
#l _UCG _004(Lachnospiraceae_UCG _004) | b 1 }
Bl (Geodermatophilaceae) . Mg FF BH F
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(a) Bacterial Chaol index; (b) Bacterial observed species number; (¢) Bacterial goods coverage; (d) Bacterial Shannon index; (e) Fungal

Chaol index; () Fungal species number; (g) Fungal goods coverage; (h) Fungal Shannon index
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Fig. 6 Box diagram of soil microbial diversity index under different treatment
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Fig. 7 ASV Venn diagram of bacterial (a) and fungal (b) communities under different treatment
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Fig. 8 Composition of bacterial (a) and fungal (b) community at phylum level under different treatment
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Fig. 9 Bacterial taxonomy branch diagram (a), and LDA histogram (b) under different treatment
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Fig. 10 Fungal taxonomy branch diagram (a) and LDA histogram (b) under different treatment
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