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Effects of different amounts of organic fertilizer and biofungal fertilizer

on soil properties and quality of tomato in facility

XU Zehua', MA Jun', LI Baiyun', GUO Xinnian®, XING Rundong’, ZHOU Tao’

(1. Institute of Horticulture, Ningxia Academy of Agricultural and Forestry Sciences, Yinchuan 750002, Ningxia, China; 2. Institute of
Agricultural Resources and Environment, Ningxia Academy of Agricultural and Forestry Sciences, Yinchuan 750002, Ningxia, China)
Abstract: A trial was conducted to explore the effects of different application amounts of cow dung, earthworm manure,
and taille soil fertilization treatment on soil improvement in facility tomato, Additionally, the optimal application of organic
fertilizer and biofungus fertilizer was investigated for the best grown results. Soil physical and chemical properties, soil
enzyme activity, and tomato quality were used as evaluation indicators to compare different amounts of organic fertilizer,
including a mixture of biofungus fertilizer and appropriate organic fertilizer as well as CK (no fertilizer). Based on the
analysis of soil nutrient characteristics and tomato quality of each treatment fertilizer, the optimal fertilization treatment
was selected . The results showed that different fertilization treatments significantly improved soil nutrients and fruit quality.
After the application of organic fertilizer, the best effect of tomato quality and soil improvement mainly focused on the
medium or high amount, with the best improvement effect of cow dung. Further optimization was carried out by com-
bining the optimal amount of cow dung and biofungal fertilizers (Bacillus subtilis, Bacillus hartsimmermontii, Bacillus
amyloliquefaciens). The results showed that Bacillus hartsimmermontii had the strongest ability to dissolve the cow dung,
significantly increasing soil nutrients. The combination of Bacterium hartsimmermontii and medium amount cow dung
significantly improved soil nutrient and notably enhanced the quality of facility tomato. Correlation analysis indicated that
the combination of different amount of organic fertilizers and biofertilizers showed a significant hand high significant cor-
relation with soil nutrients and tomato quality.

Key words: Tomato; Organic fertilizer; Biofungicide; Soil; Quality
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Table 1 Application amount of each fertilizer treatment

JEARLALFE Fertilizer treatment

667 m’ jifi [} i Application amount per 667 m’

CK

£ F4{K = Low volume of cattle manure
-3¢ & Portion of cattle manure
226 =5 High volume of cow manure
5] 2K 7 Vermicompost low

W 5] 3% HF & Vermicompost medium
5] 3 5 & Vermicompost high

JE A% Tailgate low

JE2EH & Tailgate medium

J&3¢ i & Tailgrass high

£ 3% = 2 t Cattle manure application rate 2 t
3%t FH & 4 t Cattle manure application rate 4 t
2% it il i 6 t Cattle manure application rate 6 t

e 45] 3% it A 5 2 t Vermicompost application rate 2 t
5] 3 i FH & 4 t Vermicompost application rate 4 t
5] 3%t FH & 6 t Vermicompost application rate 6 t
JE3%iti F & 2 t Taille application rate 2 t
JFESE i FH & 4 t Taille application rate 4 t

JER Nt FH £ 6 t Taille application rate 6 t

*2 hE4ELEEREVELERERES

Table 2 Medium volume cattle manure treatment with biofertilizer application rate

AERMLFE Fertilizer treatment

667 m’ jiti 1 i Application amount per 667 m’

A FE Rl 2R AR 7] Cow manure+Bacillus subtilis agent

ARSI IR I 1 751 Cow dung+Hatschek's wood enzyme bacteria

A FEH R AT 2 AT R T R
Cow dung+Bacillus amyloliquefaciens agent

3R 4 R EZEFU AT 1 40 g- L' Cow dung 4 t + Bacillus subtilis 40 g-L"

g 4t +IG KK R 40 g- L' Cow dung 4 t + Hatschek's wood enzyme
bacteria 40 g-L"

A 4t -+ R R UE R ZETAT I 40 g- L' Cow dung 4 t + effective bacte-
ria Bacillus amyloliquefaciens 40 g-L"
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Table 3 Effects of organic fertilizer treatment on soil physicochemical indexes

e it FH = wCH LD wOKFED wCH ) wGH D
Treatment Application  pH Organic matter content/  Alkaline N content/  Rapid available P content/  Rapid available K

amount (mg-kg") (mg-kg") (mg-kg") content/(mg-kg")
L CK 8.01+£0.13 a 11.4+1.8 ¢ 46.0+8.6 ¢ 132.6+10.7 ¢ 421.24242 ¢
Cowdung g Low 7.85£0.15 b 225$32b 111.8£10.2 b 220.3+8.9b 482.3+15.7b

H Middle 7.71+0.14 b 28.9+1.2a 1347114 a 296.4+12.3 a 534.9+16.8 a

15 High 7.98+0.13 a 30.242.1 a 138.2+6.7 a 304.9+14.5a 536.2423.4 a
| 3% CK 7.92+0.11 a 13.4+1.23b 58.2+6.8 ¢ 143.6+6.9 d 463.2+10.5 ¢
Earthworm ik Low 7.76+0.13 a 17.6+2.3 a 60.5+7.7 ¢ 164.5+5.7 ¢ 594.3+12.6 b
fanure i Middle  7.7240.15a 17.6+1.8 2 69.043.8 b 182.1410.5 b 625441192

{5 High 7.73+0.17 a 18.842.4 a 75.842.6 a 216.6£13.8 a 641.7+13.8 a
=6 CK 7.86+0.26 a 12.4+1.5b 69.1£34 ¢ 163.6+20.6 b 495.2+10.4d
Tailgate % Low 7.84+0.18 a 15.6:22a 95.146.9 a 238.8+192a 623.0+20.7 b

h Middle 7.73£0.19 a 15.9+1.6 a 72.9+8.4 ¢ 220.5+15.7 a 564.9+10.5 ¢

= High 7.75+£0.22 a 16.0+2.6 a 87.7+6.7b 218.7+x13.5a 663.0+12.3 a

W [FA T R ANF NS FRERIRAE 0.05 KT EREE. T,

Note: Different lowercase letters in the same column indicate significant differences at 0.05 level. The same below.

27.30%, & pH & 3 FEAK 3.75% ; Mol FE b3 o,
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Table 4 Effects of organic fertilizer treatment on soil enzyme activity (mg-g"

L 1t HERER [ T R T e AL
Organic fertilizer Treatment Sucrase activity Urease activity Alkaline phosphatase activity Hydrogen peroxidase activity
43¢ CK 0.41£0.01 ¢ 2.5840.09 ¢ 3.63£0.03 b 5.55+0.06 b
Cow dung % Low 0.66+0.05 b 4.40+0.02 ab 4.30+0.16 a 7.47+0.09 a

1 Middle 0.71+0.03 a 4.77+0.06 a 4.53+0.19 a 7.65+0.02 a

i High 0.64+0.04 b 4.03+£0.05b 4.42+0.12 a 7.21+0.22 a
U] 3% CK 0.43+0.02 b 2.57+0.04 ¢ 3.82+0.04 d 6.55+0.06 a
Earthworm manure  fit. [ ow 0.45+0.03 b 3.49+0.05 ab 4.75+0.02 b 5.21+.0.08 b

7 Middle 0.50+0.04 a 3.68+0.06 a 5.01+0.03 a 6.73£0.09 a

{5 High 0.41+0.06 b 3.25+0.09 b 4.08+0.06 ¢ 6.71£0.08 a
=53 CK 0.43+0.02 b 2.57+0.02 a 3.93+0.06 a 6.35+0.09 b
Tailgate 1% Low 0.49+0.03 b 236+0.06 a 3.69+0.04 ab 6.65:0.05 ab

1 Middle 0.57+0.04 a 2.54+0.03 a 3.86+0.05 a 6.95+0.02 a

{71 High 0.53+0.05 a 2.00+0.05 b 3.53+0.04 b 7.05+0.03 a

ERAEORAE  MLE T3 B AR 26 b B B B T K

%Br_i/f:l:o

23 4HYEEHEBRESSE(PE)XNTIEEIKIE

FREYSZNE

gi Lk AR HUIE Tt 2onf 3 o R BOR
(KI5, A 2 b xR SR TH ROCR B i B8

B4 FEAE L AL RIOR , 50 N AR o RV i 4
LR FEANE TIBER R R, kS
B s AR W0 7 ) 1R 5 it P T 3 B A1 B 3 A
FAETER, Horp AR 2 O B+ I8 ORI B A 386
R AR bR 2 T AR AN AL EE (B pH AP,
KUNZAC T XS L3557 & B ROR B i, EDAH L
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Table 5 Effects of biofertilizer mixed with cow dung (medium amount) on soil physicochemical properties

e wCEHLITD wOKIRED wCE ) wOE D

pH Organic matter Alkaline N content/ Rapid available P Rapid available K
Treatment . . . .

content/(mg-kg") (mg-kg™" content/(mg-kg"')  content/(mg-kg™)

CK 7.96+0.06 a 13.4+1.2b 58.0+£6.5d 143.6+14.7d 467.2+21.6d
AR S 2 AT 7.89+0.09a  24.3+22a 69.32.5 ¢ 184.7+12.8 ¢ 592.5+40.2 ¢
Cow dung + Bacillus subtilis
PP ORI T 7.74+0.082  27.0+1.6a 208.1+12.8 a 359.5424.6 a 702.1+30.5 a
Cow dung + Hatschek's wood enzyme bacteria
R FEHE R 2 AT T 7.81£0.05a  25.6£1.9a 184.4+14.6 b 224.0+15.7b 632.9+26.8 b

Cow dung + Bacillus amyloliquefaciens

T CKL, AN & &5 Z T 101.49% KA & &
w%%ﬂ 258 79% A SRS B R IR T 150.35%.

TR T E R T 50.29%
T 6 EMERES

24 HYIRRERESFE(FE)NLIEMEEN
Al
R 6 Frow , 24 55 K g A Ak BE L 58 g

42 (h8) 3 HIREEM AT

Table 6 Effects of biofertilizer mixed with cow dung (medium amount) on soil enzyme activity =~ (mg-g'-min")

; . R P 8 2 A 1k . ;
s BOEREYE RETE PRI et
Treatment Sucrase activity ~ Urease activity . phosp Hydrogen peroxidase activity
activity
CK 0.41+0.02 ¢ 2.53+0.06 b 3.62+0.08 ¢ 6.55+0.08 b
RS ELZEHUAT B Cow dung + Bacillus subtilis  0.69+0.05 a 2.10+0.08 ¢ 3.40+0.03 ¢ 6.07+0.09 b
PR R 0.64+0.06 a 5.95+0.09 a 5.1440.09 a 7.42+0.06 a
Cow dung + Hatschek's wood enzyme bacteria
AR 2 AT 0.56+0.08 b 1.83£0.07 d 4.00+0.04 b 7.69£0.05 a

Cow dung + Bacillus amyloliquefaciens
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Table 7 Effects of organic fertilizer application amount on quality of facility tomato
HHLIE e W(Tﬁﬂt[ﬂl@&?‘) wCEF) W(E'x@&f‘.) w(EMLLZ) W(ﬂ?@‘ﬁ?%{ﬂ)
Organic fertilizer Treatment Ascorbrlwc acid content/ Total Tlgar content/  Total a:c1d content/ Lycopefle content/  Soluble protein content/
(mg-g" (g-kg" (g-kg" (mg-g" %

43 CK 175¢1.5¢ 73+1.6 b 4.06£0.7 a 37.0£2.4 b 0.69+0.2 ¢
Cow dung ki Low  183:2.1b 74£1.5b 3.8540.5b 39.742.6 ab 0.8140.4 b

1 Middle 199+2.8 a 79+1.2 a 3.67+0.2 b 42.1+2.7 a 0.98+0.3 a

= High 202+1.4 a 80+1.4a 3.66+0.3 b 438+2.5a 0.99+0.2 a
G Ers CK 174433 b 72+1.7 ¢ 4.06+0.6 a 38.0£2.6 b 0.68+0.1 ¢
Earthworm & Low 1754£2.4 b 77£1.5b 3.46+0.5b 40.1£2.7 ab 0.82+0.2 b
franure 1 Middle  193+1.9 a 80+1.8 2 3.45£0.7b 4424282 0.93+0.3 a

= High 191+2.2 a 79+1.3 a 3.36+0.5b 44.1+2.7 a 0.87+0.2 b
52 CK 173+£2.6 ¢ 70+£2.2 ¢ 4.06+0.2 a 36.0+2.7 a 0.67+0.2 b
Tailgate fkLow  181+1.8b 79424 3.97+03 b 306432 b 0.6840.3 b

1 Middle 192424 a 754+2.6 b 3.62+0.4 b 36.2+2.7 a 0.74+0.2 a

{5 High 173+1.6 ¢ 77+1.8 ab 4.03+0.2 a 32.6+2.2b 0.73+0.5 a

B 2 BRI 9.61%A11 9.85% . ZaKE, ML T
XTHR, A= 3E R i 2R RO . 2P
IGAE T R 2.1 f1 2.2 M ey AR IR B A4 2
i B I R AR e, LR B R RTT
252 AYHARHBRSTEF ETLAEE S
ey N3k 8 Fion, AW S 4 3 Ch D1
BB Tt FH A 3R 6 B T Rt 7 A O, B
FHRCR BB A S0 RO i A0 2, B 5 CK A
b, BT T PN MR & & 18.13% A Wi & &=

®8 EMERSHEFIRMIIRHERR

12.86% T M40 & & 2 28.92% Al MR A& &
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Table 8 Effects of biofertilizer mixed with medium amount of cow dung on quality of facility tomato

wHIA LR wCE ) wCRER) w(EMLZR) wCr T ED
Qb ER o . .
Ascorbic acid Total sugar Total acid Lycopene Soluble protein
Treatment 1 a | a1
content/(mg-g') content/(g-kg") content/(g-kg')  content/(mg-g')  content/%
CK 171£10.4 ¢ 70£5 ¢ 4.06+0.02 a 37.0£5.2 b 0.66+0.02 ¢
A S A B S AT I Cow dung + Bacillus subtilis 202+16.7 a 7442 b 4.01+0.03 ab 457+3.6a 1.03£0.06 ab
IR R BE T 202+18.9 a 79+4 a 3.76£0.05b 47.7£5.2 a 1.090.05 a
Cow dung + Hatschek's wood enzyme bacteria
IR 2 AT T 192+13.7b 74£6 b 4.15+0.04 a 44.6+4.2 a 0.95+0.07 b

Cow dung + Bacillus amyloliquefaciens
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Table 9 Correlation between soil indicators and tomato quality under different organic fertilizer application conditions

R ey RS RE RERE . e AL
" TOVRER ) pmarm mmar onRIEIS  pyyy PUERINES STRUCARS
etz Organic i ) . apid TETE i T
pH Alkaline N Rapid available . Urease .
Index matter available K Sucrase . Alkaline Hydrogen
content P content .. activity .. . ..
content content activity phosphatase activity peroxidase activity
PR MR & & -0.239  0.796%*  0.666* 0.773%* 0.196 0.638*  0.658*  0.516 0.601%*
Ascorbic acid content
PN iy -0.413  0.609* 0.504 0.659* 0.699* 0.359  0.397 0.472 0.307
Total sugar content
MR & 0.580* —0.438 -0.131 -0.291 -0.504 -0.141 -0.517  -0.731%* -0.036
Total acid content
ARy -0.128  0.581* 0.243 0.222 -0.028 0224 0.758%*%  0.774%* 0.153
Lycopene content
AL AR -0.288  0.871*%*  0.641* 0.658* 0.248 0.593*%  0.835%*%  0.776%* 0.433

Soluble protein content

HE R RIORME E ML (p<<0.0D) ;% RREEMK (p<0.05). FHE.

Note: ** indicates extremely significant correlation (p<0.01); * indicates significant correlation (»p<0.05). The same below.
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T VE SR IR G, S L A IR O A
VEBERR BV VE 2R B35 IR . gk B IR , B4

K& A PR S 05 dh AR 5 A e
262 HhEREYEFERAEFMHT LRBIRES
Fsn RAARRME AR 10 Fo, PUA MR & & 5 e
BRI 52 2 AT OG s BB & B A A S A AL
EE R R F AR MRS B S IRMES 2 22 5
MR TR T BSOS B8 E B
BEEASESANRSELEEZIEMX.

Fz10 TYMEESHEFERRFM T LREFRS REEMBREXME

Table 10 Correlation between soil indicators and quality of facility tomato under the condition of mixing biofertilizer and

medium amount of cow manure
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fabr Organic i ) i Rapid s wEPE ) &P
pH Alkaline Rapid available . Alkaline
Index matter available K Sucrase  Urease Hydrogen
N content P content L. . phosphatase . .
content content activity  activity .. peroxidase activity
activity
PR MR & & -0.718 0.933 0.497 0.647 0.863 0.982%  0.362 0.395 0.130
Ascorbic acid content
MpEEE -0.937 0.856 0.794 0.961%* 0.956* 0.728 0.779 0.839 0.476
Total sugar content
MRS = 0.572 —0.367 -0.400 -0.803 -0.559 -0.434  -0.955%* -0.778 -0.093
Total acid content
TALLR T -0.845 0.978* 0.666 0.762 0.948 0.921 0.448 0.543 0.328
Lycopene content
A E A AR -0.807 0.962% 0.610 0.737 0.924 0.946 0.441 0.508 0.256

Soluble protein content
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