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Effects of agricultural Jiaosu on the improvement of sandy
soil, acidic soil and saline—alkali soil

ZHANG Yue', GAO Youhui*, CHEN Ying', BAI Xiumei', LIU Xuelian', WANG Xiaofen*

(1. Beijing Da Bei Nong Group State Key Laboratory of Forage Microbiology Engineering, Beijing, 100194, China;
2. College of Agronomy and Biotechnology, China Agriculture University, Beijing 100193, China)

Abstract To explore the effect of agricultural Jiaosu on soil improvement, this study investigated the short-
term improvement of sandy soil, acidic soil, and saline-alkali soil using agricultural Jiaosu (AJ) through
laboratory potted cultivation for a period of 30 days. The feasibility of AJ as soil amendments was evaluated
by measuring the physicochemical properties and microbial composition of soil samples. The results
showed that: AJ can reduce the pH of sandy soil from 9. 63 to 6. 42, increase the content of organic matter
by 8 times, and increase the content of soil nutrient (nitrogen, phosphorus, and potassium). The beneficial
microorganisms in AJ, Lactobacillus and Acetobacter, become the dominant bacterial community, while the
fungal diversity is significantly reduced; For acidic soil, AJ has little effect on its pH, but its soil organic
matter and nitrogen, phosphorus, and potassium content are increased. Similarly, the beneficial
microorganisms in AJ can effectively colonize in acidic soil; For saline alkali soil, AJ can effectively reduce
its pH (from 10.37 to 7.77) and increase soil nutrient content. The relative abundance of Acetobacter,

Kocuria, Planococcus, and Alkaliberium in the soil is higher after the application of AJ, which inhibits the
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growth of soil pathogenic fungi. In the future, the agricultural Jiaosu can be used to improve soil quality by

targeting prominent issues in different soils.

Keywords agricultural Jiaosu; soil improvement; sandy soil; sour soil; saline alkali soil
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Table 1 The main characteristic of agricultural Jiaosu
S8 Qe S8 AE
Parameter Value Parameter Value
BROBT R/ (mg/L)
pH 3.48 ' . 1123.5
Potassium mass concentration
FLIR o & vk B/ (g/1) Tl T 2 Wk B (mg/1L)
) . 4.46 ) 30. 98
Lactic acid mass concentration Phosphorus mass concentration
PN T Jo e Ve / (g /1) 5 ot R B/ (mg/ L)
' 1.52 | 7 ‘ 14.59
Propionic acid mass concentration Calcium mass concentration
B LR TR B/ (g/1) - og BE TR BB/ (mg/1L) 10,45
9. .
Total organic acid mass concentration Magnesium mass concentration
FLE W5/ (CFU/mL) - B WS / (mg/1) 5 10
5. .
Lactic acid bacteria counts Zinc mass concentration
HiF%/(CFU/mL) R R E / (mg/1)
4.95 0.45
Acetobacter counts Iron mass concentration
BB 7 4/ (CFU/mL) - LR BT 43 0/ (mg/100 @) -
Yeast counts ' Total amino acid mass fraction
B il %/ (CFU/mL) 0 CBE R R/ (g/L) 0 50
Mould counts Ethanol mass concentration ’
F2 FREALTEBUMERE
Table 2 The physical and chemical details of original soil
B3 w1t iz 1 E
Parameter Sand soil  Acid soil Saline-alkali soil
pH 9.63 4.65 10. 37
B, 5% /(us/cm) Electrical conductivity 328.2 131.6 3291
A ML 5T = 4 H/ (g/kg)
3.05 44. 25 33.91
Organic matter mass fraction
4 T & 4 B0/ (mg/kg)
0.21 1.25 0.78
Total N mass fraction
42 W BT A 43 B/ (mg/kg) )
) 325.16 204.77 196. 69
Total P mass fraction
A 40 0 A 43 4/ (g/kg)
8. 21 13.14 13.21
Total K mass fraction
BhPUEE (0 1k, BT R B NHLO A c- KK G B 32 FATE UL TR R A ) B DNA, H bR B B
E i CTCO R H 588 R # 28 it T 8 o B & L PCRY 8, ¢ 38 7=y [l glifk , 9734 7= ) 26 6 5 it

(C/N) =TC/TN, A3 ML Jix & 7 8 (g/kg) = £ L
WX 1.724, Ll F2% Fernandez-Delgado %"/ 1) J7
BT I E

2) e I . - SR A M AR S 26 A

i U R v AR )RR A R F S8 B R I .

D FF SCRE il 4%, B AL Y o 4 0GR 51 4k 338F
MM 806R (ACTCCTACGGGAGGCAGCAG A
GGACTACHVGGGTWTCTAAT) , L i i i 5
YR ITS5F MITSIR(GGAAGTAAAAGTCGTA
ACAAGG FIGCTGCGTTCTTCATCGATGC),
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(c) Effects on C/N ratio
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10. 37, 23 e FH R 22 SR i 8 14 A i J6 8 ek B 5 pH
SRR 6. A2 7. 77, 3K 5 HT N BIRF ST LS SRARRL
IR 2 R eI R b B R A LR , pHABTE 4 )
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fie5 I AR 53 S 2B RN, A R - 4 Y pHL
F L 1Ch) AT 01, A e 25 5% - 36 HILJSR 75 28 i s i 5
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TR FIXE I T2 T3RN T4 40 3R ER VOR TR ) : VOK)=1:250.1:500.1:750; T5, K MEERIFW . FIH.
T1 represents blank control; T2, T3, and T4 represent V (agricultural Jiaosu) : V (water) water in a ratio of 1: 250, 1:500, and 1: 750 by

volume, respectively; T5, agricultural Jiaosu stock solution. The same below.

E1

RABEMNTEERBAEER

AL

Fig. 1 Effects of dilution ratio of agricultural Jiaosu on the basic physicochemical properties of soil



56 1

TRBRAE A R AT UD b R R B Y 2 RACR TS

181

o MR B A R 25 TR B 250 AR B VBD vl $2 i vb - itk
B B A L (C/ND(P<C0. 05)  fH X2 - 520 I A
F(P>0.05, XAAESY b Bk & A%, $hil +
R RRAI U R A O R R S LA TR
TEAYRR TR, AT 13X 2R HE R RR Z(HL™ 2, WXt
Tl B B R TR 1, AR R 2R 0T R e 9 o P 48 v Lk
AR (P>0.05), + 3L %08 - e B
(R BRI PH S IR AL AR T R S h ™. 5
CKAHL, Wi B Ja AR B R A 235 1R 40 S 1 el
AR A it ) 2 4 T 3R R L R (P<C
0.05). XAfgRRHER T EREST, A GmFE
B IE A (R 1)
2.1.2 RABZNLERSEZTHH A

+ 3R A AE KR AT E SR TR L R

R3 RABERRBENLIERSIRESH
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Table 3 Effect of dilution ratio of agricultural Jiaosu on the mass fraction of soil nutrients

. B/ B/ BAA/ MASE/ 7R/ N
X e ik 3 = B/ . - R/
. (g/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg)
Soil type Treatment (g/kg) TK o (g/kg) AK
TN TP NH, -N NO, -N AP
T1 0.23b 292.99 b 8.32a 56.07 a 3.21a 35.25a 1.33a
| T2 0.28b 235.85 b 8.97 a 50.88 a 3.57 a 36.85a 1.34a
s

) T3 0.16 ¢ 242.61 b 8.85a 55.21 a 3.48 a 37.28 a 1.34a

Sand soil
T4 0.18 ¢ 220.69 b 9.12 a 52.07 a 3.44 a 36.97 a 1.34a
T5 0.93 a 638.78 a 10.18 a 54.25a 3.62 a 37.25a 1.34a
T1 1.15b 194.84 b 13.50 b 52.37 a 10.22 a 9.37b 1.09 a
T2 1.20 b 210.48 b 13.91b 54.21 a 9.97 a 10.12 a 1.09 a

iz +

o T3 1.11 b 199.36 b 14.45 a 53.66 a 9.83 a 10.06 a 1.09 a

Acid soil
T4 1.07 b 116.14 b 13.90 b 53.98 a 10.11 a 9.83 a 1.09 a
T5 1.94 a 617.08 a 15.11 a 54.25a 10.07 a 10.25a 1.09 a
T1 0.76 b 225.76 b 14.82 b 55.83 a 3.75b 2.77b 1.0l a
A - T2 0.76 b 233.48 b 15.34 b 55.27 a 3.98 a 3.23 a 1.0l a
Saline-alkali T3 0.74 b 208.48 b 14.85b 54.21 b 3.78 b 3.13 a 1.0l a
soil T4 0.76 b 210.63 b 14.87 b 54.05 b 3.76 b 3.00 a 1.0l a
T5 1.88 a 391.71 a 19.75 a 54.25 b 4.02 a 3.33a 1.0l a

P TR ZS FOO R T2 T3 T4 43 B VORITRERD : VOKD=1:250.1:500,1:750; T5, K IR R il . T
Note: T1 represents blank control; T2, T3, and T4 represent V (agricultural Jiaosu) : V (water) in a ratio of 1: 250, 1: 500 and 1: 750 by

volume, respectively; T5, agricultural Jiaosu stock solution. The same below.

2.1.3  ROABEZ 3 2L R 69 R0 AT
A TR T s 50k T e 28 06 3 b+ Ak 24 1k s 1)
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B X UL AR T R e RACR S

FRAR KRB o AR B A — A S0 AR AR CR I8
O 5 HA LA 25O R AS CF B i 1 AR T I8 320
P AR T, X i D A T 1 3R 0T - S Y Bl RO B
BT
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B2 RABEWTEBEAERIZMEERSS SR
Fig. 2 Principal component analysis of the effects of
agricultural Jiaosu on soil physical and chemical

properties
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2.2.1 RABZMLEmME Y w

H T G AR 0 L A0 B 2 R R
TE XS A 48 P AL R BT R i e oAy 3 Y AR T8 R i
WA B AT G Y . VD RR RN A - Y s
PR R A s 8 Y A T 3R Ak 3SR AR A )
HHEAME SS1.SS2 . AS1.AS2,SaS1 il SaS2.

Chaol F1 ACE /& PF A& #E #% h OTU & ¥ i 45
B, BUE B R R R AR 2 R ERE .
A T Ziti FH 5, Chaol A1 ACE ¥4 BT B [, 3X i3t
B A I 28 S5 R A R =F & Y. Shannon $5 40
KRR W) Rh Y 22 FE VB 5 T Simpson BUE U FAE
O0~12 8], Simpson {4 0, W &7 ) Flt 22 #-1: Fe /N
FH & 4 AT 1A T 2 4k 315 Shannon F1 Simpson
REAG, Uk B 4 o = 3 R 389 50 i B B AR 0

x4 RABIWNTEARZHNSEERNZIN

Table 4 Effects of agricultural Jiaosu on the total number and diversity of soil bacteria

L Model SS1 SS2 AS1 AS2 SaS1 SaS2
Chaol 1475 547 2453.51 1046 1280 857
ACE 1527 547 2 434.31 1046 1280 857
Simpson 0.928 0. 884 0.997 0.537 0.994 0.915
Shannon 6.42 5.42 9.87 3.55 8.77 5.85

{E:SS1.SS2, AS1 AS2.,SaS1 1 SaS2 434l Sy ¥h = W8 - A1 Eh 58 - 19 25 1 X 18 A0 A A5 0 1) A T8 32 B U A B SERE AR o
NI
Note: SS1, SS2, AS1, AS2, SaS1, and SaS2 are blank controls and undiluted soil samples treated with agricultural Jiaosu

for sand soil, acid soil, and saline-alkali soil, respectively. The same below.

Venn [ 7] Sz Wl 5 FE i 5] 22 F1 R A 1 OUT £
H, ol B0 2 B A OUT 1Y 3 & 1 ol
R 3R ,SS145 SS2,AS1 5 AS2.SaS1 5 SaS2
) OTU & ¥ 40 5l o 24 512 F1 311, BE W 24,

51213114 OUT B H5AHMELARY + K+
LT B b AN L M Ah R R i
SECEHEREA M OUT 8 H MK, 3t i — 25 136 1
oA e R 2 B A - B rh A ) 2 R

| 408 2w | s» 1882 512 | s34 969 311 | s46

SS1 SS2 AS1 AS2 SaS1 SaS2

P LB R b OUT [ 8kt
The numbers on the graph represent the number of OUT in the sample.
3 KRABZRERRBKERELEMEMOUTH Venn E

Fig. 3 Venn analysis of soil microbial OUT after application of agricultural Jiaosu stock solution and clean water



5 6 4]

ISR (i 0 R N 4 o s 1 F e = R & 20 183

R TR R R L ER R SR A
A AR AL, AW 9 2k F BE =1 %0 19T 20 Fh 41 BT
Xt o UEAT AR (4D . SSTRISS2(7 +) iy
FENE A, H# R %R J5 , Proteobacteria [%
it , Fimicutes I 7 ; J& 7K *F b, % B 41 (SSD U
Pseudomonas 2 F , & B R & R 5 W L

100
M Proteobacteria
M Firmicutes
W Actinobacteria
M Bacteroidetes
M Chloroflexi
M Tenericutes
B Gemmatimonadetes
M Acidobacteria
M Deinococcus-Thermus
B Verrucomicrobia
 Spirochactae
M Saccharibacteria
M Cyanobacteria
B Armatimonadetes
M Nitrospirae
M Planctomycetes
W Synergistetes
M Rsal 231
B TM6_(Dependentiac)
B Latescibacteria
B Others
0 — -
[72] w0
78] 2]

(a) Y HAHET]
(a) The bacterial phylum of sand soil

100
M Proteobacteria
m Chloroflexi
W Acidobacteria
M Firmicutes
M Actinobacteria
W GALIS
W Gemmatimonadetes
M Saccharibacteria
M Nitrospirae
W Bacteroidetes
M Cyanobacteria
I Planctomycetes
u FCPU426y
M Deinococcus-Thermus
M Fusobacteria
W Verrucomicrobia
M TM6_(Dependentiae)
W Ws2
M RsaHf231
B Armatimonadetes
W Others
0 = =
72} wn
< <

(c) PR AN
(c) The bacterial phylum of acid soil
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(e) The bacterial phylum of saline-alkali soil
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SS1, SS2, AS1, AS2, SaS1, and SaS2 are blank controls and undiluted soil samples treated with agricultural Jiaosu for sandy soil, acidic soil,

and saline alkali soil, respectively.
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Fig. 4 Composition of soil bacterial community after agricultural Jiaosu improvement
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Fig. 5 OUT abundance grade curve of fungi improved by agricultural Jiaosu
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