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Effects of Calcium-based Polymer Conditioners on Acid Soil Aggregate Structure and

Bacterial Community
KANG Fei, JIA Zili, YANG Fan, LIU Linan
(Department of Environmental Science, Hebei University of Environmental Engineering, Qinhuangdao, Hebei 066102, China)

Abstract: Soil acidification has become a problem that has attracted widespread attention in soil and environment fields in recent
years, it adversely affects crop yield quality, soil health and biodiversity. In this paper, three calcium-based polymer conditioners:
calcium lignosulfonate (CaLS), calcium polyaspartate (PASP-Ca) and calcium polyglutamate (y-PGA-Ca) were studied on the
improvement of acidic soil and the growth promotion of potted plants. The improvement effect and mechanism of the
conditioners were revealed by measuring soil aggregates, microbial community structure, and plant (cabbage) growth and root
development through a pot experiment. The results showed that the addition of calcium polyglutamate was not only conducive to
the formation of large soil water-stable aggregates, but also conducive to enhancing the stability of soil aggregate structure.
Calcium polyaspartate and calcium polyglutamate significantly enhanced the diversity and homogeneity of soil bacteria, thereby
promoting material cycles and nutrient storage and release. In addition, the above three calcium-based polymer conditioners
significantly promoted the growth and development of crops and their roots. By alleviating the inhibition of acidification and
structural stresses on plant growth, while improving soil fertility, it promoted crop roots and biomass. Among them, calcium
glutamate had the best effects. This study proves the effects of three efficient calcium-based polymer materials as soil
conditioners, providing important reference and basis for the regulation and sustainable development of acidic soil.

Key words: Acid soil; Aggregate; Bacterial community diversity; Pot experiment; Root growth
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A W AT A PRI A A B AERL , A A T B e A AE
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(Ca(OH))EMXF IR, R ZEARIAS:, #R90 3 Aok
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1.1 T ESEEFR

BERIRIE 3R A WiT A A N TH B3 X A 2 2R
Pel (28°62'N, 121°24'E), % X 5 J T~ $ 1Y 1) 37 Ay
TR 2 A, AT 349 3R B RIAT ST 25 [ K i 4 Sl A
17.9 °C Fil 1 264 mm, fEiX 138 R G55 PR MR
Bt EE R REAFRN M L (Ultisol),
SR FH A URE I (43 B R s 0 DT S R 26 A0
HCH R I3 R)2(0~20 cm). Ny TR DX 14
SERE IR, 7 R R R SRS At A7 0T i
By, ZJETE RIS AT, SRS R R ik
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F1 i L RERBAMER

Table 1 Basic physicochemical properties of tested soil

P g PR g
25 H (g/em’) 1.21+0.02 AL 5% (mS/cm) 0.39+0.06
Fhiki (%) 21.940.2 A HY (mmoly/kg) 2.44£0.03
HYBL(%) 64.3%0.1 et AP (mmol./kg) 13.2+1.0
k(%) 13.8+0.1 et Ca® (mmoly/kg) 38.4+1.25
A1 BB (mg/kg) 345.2410.5 A& 4t Mg™ (mmol/kg) 12.120.9
A BB (g/kg) 9.61+0.22 AR E KT (mmoly/kg) 5.91£0.95
2R (g/kg) 1.63+0.02 etk Na'(mmol./kg) 9.56+0.25
pH (m ¢ : V 4=1:2.5) 4.72+0.05 CEC(mmol/kg) 81.6+2.4

A I 3 FH K BT E B R 5 (CalS) . B K& &
5 (PASP-Ca) il 5B 4+ R 5 (y-PGA-Ca) 1F hy 47 4 45
S m o AT AR ST, SRS
AALES (Ca(OH) )N R A5 58 1 JCHLIH B 17X L

v, R ER B R B A OB SR A R ()W T L 1
BT T A AR B B A BRA ], JRURER K& &R
(BT g 2 e MRA AR PR R, SR ES
(Ca(OH) ) T~ [ 25 5 T AL 223G b BT A R W ik
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(EMAY), 75 3055 B 7 W B %) BH 25 738 5 AvF i (%5 284 B
TFAEHMNR); T 2 B oK e 22 Bl B A
TRAS B JORE R R & B IR 1 (PASP-K) I IR 43 2 i M
(y-PGA-Na)it ixf 45 81 BH 825 1 sc e i Bl A, 153 R K4
R B R E RS KR ; Z )5 2l g k1
fiE, 195 [ AR R A RS (PASP-Ca) FIER A A IR ES
(v-PGA-Cayy &P, HLA R R ERARES . R AR
5 R R A RS 1Y) o 4 A =X DL FE 1, R R 7K 5 pH
DAIJCES . BE. B, BN B RRIBES R 2.
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Fig. 1 Molecular structures of CaLS (A), PASP-Ca (B) and y-PGA-Ca (C)

F2 X ERIAEHEES. &, . WIBEERKARE pH
Table 2 Contents of calcium, magnesium, potassium, sodium and aluminum in amendments tested and pH values of their aqueous solutions
ZH Ca(OH), CaLS PASP-Ca y-PGA-Ca
pH (m i : V=1 : 100) 10.2+0.6 6.98+0.02 8.51+0.58 6.92+0.22
Ca (%) 39.9+1.2 6.59+0.05 14.940.3 13.5+0.2
Mg (%) n.d. 0.138+0.005 0.006+0.001 0.005+0.002
K (%) n.d. 0.142+0.003 0.011£0.003 0.008+0.003
Na (%) n.d. 0.102+0.003 0.009+0.002 0.088+0.002
Al (%) n.d. n.d. n.d. n.d.
N (%) n.d. n.d. 10.58+0.02 9.08+0.03
P (%) n.d. n.d. n.d. 0.28740.005

T nd. FRMR TR,

1.2 TEEEFIRE

FHERE TR RS 13 em, LK 17 em,
TR 12 eme R T RS 5 o R B FR S
JRN S AE RS e VR RV 2R YR R A
KA TIHCR | T3 ZE ] Ca(OH), A i ife] 57 Y £ 4
pH T 2 5 ) B ) b B[R] — K SF (R [R] R R
XTtE 3% pH MR ERCRAFAEZE S, H Ca(OH),
P pH BHRRAL ARG (pH i) —20). K
e 5 bR, DOCK: ANRAMEMRER; @
Ca(OH),: BN AAES , BN A 1.1 g/kg; BCaLS:
IR LR ERRES, W S g/kg; @PASP-Ca:

IR R AERES, BINE R S ghkg; ©y-PGA-Ca:
IR ERRES, WIEH S ghke, HMABEE 3
AN o PRI LURCT B A e, a8
i 5 )T 158 (1 500 g)FEsr IR G5 E R4, JFahn
FEFKE LW BRI AR 70%, 2 )5 AR5
I ETHFLEC | mm NLLMRRR 2 S sc ), BT
25 °C HIREFRA HRMEIE SR 7 do BERWIE, & 3d
WIS PR E RSN B TR, AR 5K a A E
FE o WEFREE T, A0 H 55y R 3 R —R A H
TIN5 A g S Ak B AL R A SR AR ) s — A R
FH 007 e TR TR 4500 2R B /T Ie

http://soils.issas.ac.cn



724 +

e %58 %

SR AR
1.3 EYRFAE

FEE A AEAEYIRT , 1) LR 55 375 ) 38 it A
A B BURAE, HARRFMEN N 150 mg/kg,
R BERRES U IR PoOs 100 mg/kg, BRAREN AR
K,0 100 mg/kg. # ML Ko Hral, At st &
L2 A st A IR A ED

HE A A AR AR 7 v R ARl R 27 PG A% X il =5 PN g
7o BUSAEY I/ INEEE, A SRR 7~10 K, Z
JEBEH (2 2 em), FEHEETFKIBIE, E/hARK
U OB, AR RSB 3 M. /hE
SEAE R N T K E AR, (HZ0R HIEAARRRNY, it
FERE PRI R 8 ks 5 AR KR, ot
RIERR, ZZBREA, SCAERM, WEA2~3d8E
IEFRE L AR —K, A8 3 R R A (] e KRk
WY 70% Zidio WORIE, B/ RO R e R
W TRE SRR/ SR (L S RIAR R B R i
1.4 MWEBMEESRE

14 pH R pH HH(pHS-3E, ¥ RENIE .
+ g Re et e R P A A AS 4 —rh R 2 IR E - FR
B 5.0 g AT 8 Tlwhugdtrf, A 1 mol/L SfkER
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7100 % bR AE B (0.025 mol/L NaOH) & £ pH
7.8, Zead AR AL Wk SR B (mmol i /kg); 5
B 100 mL RFIRSE Nt & 1) S A ahia Ok 7850 4%
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% pH 7.8, i AR I ACHME H & & (mmol . /kg);
A&k AP 5 B (mmolsy/kg) H AS et B R 5 5 ot
H' SEMZEEST . LR A PR AT
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i I AR LB TR R O EN TR, 7
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SRR VEA S & o LA 45 4150 16 SR T L
105 'C Mt 48 h ZIHEE , FRE A ALY I i O 1 2]
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DA RL R K RS A SR A 1) Bk S A

4 HE K AR M AT R AR 34 R H AR (MWD) Al
>0.25 mm ZKFR M ATR IR LI (WS AT I R
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i1
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K WS ORI SRR R T s n KL
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TIEA TR RETE A 7307 R DNA 2R & 42
T HEAN TR )G DNA, SRS R L HE4H I 1) DNA iz 2
FEREEYELREAR A, 7E Hlumina MiSeq
B HEAT 3 I R AT
/NSRS R AR 5 B (SPAD {E)MAE : i
RIS, BEERRHE 20N 3 0, SR E R
£ 2 AL (SPAD-502plus) #E A7 5 ok e AT 1 AR
SE : BRI E— 2/ e, BRGNSk
AT L, (R II EE C  sEL S R AR, AR
Pl e . WORJE /N SRR BT S, R
FI S (BT 1 PR )08 TR 5 105 °C HE2y
2h, HME TS C YEEE, WE/hEEEY R,
/NESEAR RIGARIAE « MARIELE BT IR/ N5, R
R RS Epson Expression 11000XL)144
AR, i WinRHIZO #4470 Hr it 5/ SRR AR
KR ER . IR R DL S AR A AR
RAEKSH
1.5 HIBELESSHITSH
KH] Excel 2016 X Eyiibf 8B, 2/ SPSS
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2.1 AREEF L ERENZES B0

- HEREFHRI LS AT, AN R PR HR S %o 4 e
JE (48 pH . 3SR ERR) TR 5 4tk Ca™ | S AL.
AR RAAGYIR)A B EAF (R 3). HH
Fb CK AP, A A [ 35 750 Ak B R4 AN ) R 8 3
$&im 1 T pH(P<0.05), HH LA Ca(OH), #1 PASP-Ca
Jab P R v I B (2 1.33~1.36 1 pH B fin) Bk, ok
J& CaLS fily-PGA-Ca b3, 4351425 T 1.134~F10.79
A pH A7 A A6 AH e CK 4b B, PASP-Ca il Ca(OH),
b B A e AT e AP B Y [ A R B (76.4%~
79.1%) K, HRJE y-PGA-Ca Fil CaLS 4bFH, 433
FEAR T 68.7% H131.1%.

REWMR A, EE R EZFP), ML CK 4
Fl, PASP-Ca Fll y-PGA-Ca Kb HiH) g & i 1 44k
A MASEMAEE S (P<0.05), Hrh PASP-Ca it
A R A S A S e (R 3), RUTLRE
PASP-Ca £ & y-PGA-Ca YJRE &2 w5 HIEE Sy, H
1Ll PASP-Ca MURICR A, ILAh, ML CK 4b3E,
PASP-Ca Fil y-PGA-Ca ¥SHN¥Y] i 2545 i LA HL
B, ScHbE Ca® i, TR R K R R B A
A KRB ICER, o AP 7S = b £ 1
o 28 LRIk, B I T R A I g S T
TSR AU, M Ca’, BAR . AR
SRS, B ARKIEET, AR TEY
HEKEF.

£ 3 AEEAEBFRMA LIEERETF SR

Table 3  Soil acidity and nutrients under different amendments

L pH 2tk AP (mmoly/kg) S8 Ca* (mmoly/kg) AR (mgke) AR (mgkg) 2% (gke) ALK (g/ke)
CK 4.78+0.02d 13.5+0.1a 38.4+0.5¢ 24.9+1.9¢ 167+4¢ 1.63+0.14b  9.57+0.30b
Ca(OH),  6.14+0.02a 2.83+0.20d 67.3+0.9a 3.35+0.32d 190+5b 1.69+0.10b  9.05+0.04b
Cal$ 5.910.06b 9.31+0.21b 48.61.1b 5.31+0.25d 163+2¢ 1.66+0.05b  13.4+0.3a
PASP-Ca  6.11+0.03a 3.18+0.14d 67.3+1.2a 93.246.3a 238+5a 2.03£0.10a  13.4%0.1a
y-PGA-Ca  5.57+0.07c 4.22+0.10c 66.1+0.8a 43.1£0.6b 195+6b 2.05£0.08a  13.5+0.1a

T KPS B IA AN RN R R A B E) 22 574 P<0.05 KF 3%

2.2 AEAEFX L F RS RIEE MR

>0.25 mm ZKFME SR AA LU I (W S A) FIK R P AT
RS2 d i AR (MWD )i I AE + 558 P B 1Ak 2
FRIRE T, HAMERR, T3P R AR e PR )
MK 2 ATRIFH, CK. Ca(OH),. CaLS. PASP-Ca
Fl y-PGA-Ca AbFE 135 WSA 43510 71.5%., 71.6%.
74.9%. 75.6% K 84.5%, MWD %34k 52.6. 52.5.
55.5. 56.2 mm Hl 104.7 mm, Pl TIEE WSA il
MWD, A [AJH B AL 3HE 7 228« y-PGA-Ca>PASP-
Ca>Cal.S>Ca(OH),=CK, H:1 y-PGA-Ca 4 # ) WSA
Al MWD 2 5 T HAL AL #L(P<0.05), FEAGIN y-
PGA-Ca NI 82 = Tk e M R IR B0, A1
R T BIRARRE M. (HEN PASP-Ca I CaLS
XF WSA Fil MWD B4 S RCRIFA 2, X AT e
A y-PGA-Ca 1>V 73 F 1 i KT PASP-Ca il CaLS,
HHA Bt g, nl AR R B 45 0 B s K
+- A/ NEUREL, T R AR A, 1T CaLS 1 PASP-Ca
FhaiE s, HIERACRA R

ME 3 ATLAE Y, y-PGA-Ca BYE N BN T
FRKARIAREGT mm)i L BI(P<0.05), 1 FEAL T HA
2% ARG He i), AH HE CK 4B E , PASP-Ca Al CaLS

BRI T S S BARR T A9 A1 28 4R(0.053~0.25 mm) AL 2k
$7(<0.053 mm) ) LA, (ELXS K A1 SR 44 (>0.25 mm) A Eb
B AR AR B3 . L B2 SR — 23K, y-PGA-Ca
k. PASP-Ca il CaLS Xf + Uk () Zh 45 68 )1 3k, M\
A ) 4 i 3R P R AR i 5 e M . 25 BT

120} &\S)vl?) . {120
100} . % 1100
gso . . be b 80f§
% 60 b b b b 1602
40 40
22- -20

0
CK Ca(OH), CaLS  PASP-Ca y-PGA-Ca

Ab 3
(BT B 5 AR ING S8k 7R [R] —HE b A ) Ak 24 ) 2 5 fl 385
(P<0.05), T
2 ANENAEEFA LIRS E M F R b R A2 TE 1 HY
A1)
Fig. 2 Effects of different amendments on proportions and stability
of soil water-stable aggregates
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Fig. 3 Aggregate size distributions affected by different
amendments
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o ZHEMEE T RAE - R YR it 2
ek, b, Chaol 8% TGRS T TS OTU
BH, BT HAEYREDAEE , YRR B
Shannon $8& %5 FH T4 &2t G2k W #F 9% ) P A 1R B0 A1
RO SRR ; Simpson T8 EURAL A VI REVE A 24
PE, BUEMCUEI RS ZRe kP gk 4 ow,
5 CK Ab#UAHEL, FTA AR AL B Chaol %R
Shannon F84¥ AR FLEERG N, 11 Simpson 5 2 A
FEAG, RIS RN S LA B IE = L 3
SIEEFIZ RS BN R AR B ny 4 & . i, PASP-
Ca Ab#f Chaol F84(H1 Shannon #8434 i 2 & T HiAth
Ab3E, FW] PASP-Ca AbSHXS 4 TEHE K F & LRI S
BE BT ok 35, HAROR: y-PGA-Ca I Ca(OH), 4k
FH, MM CaLS b3 HE IR BE A%

TAE YRR B A (] 4R, 5 3 S ALY
10 Fh 4 257 53 51 F ERFT IR T ] (Acidobacteria) . 25 JE
T ] (Proteobacteria) . JEEER | ](Firmicutes). 40w ]
(Cyanobacteria), #FFffUpH[ J(Gemmatimonadetes) . i
8 ] (Planctomycetes) . JilZE [ ](Actinobacteria) |
L5 T ] (Chloroflexi) . #%B 4| ] (Patescibacteria) .
WPS-2 B[ 14, CK ALFRFRAT 115 FE IR,
Mi%eid CalLS. PASP-Ca Fll y-PGA-Ca i [ Ab PR IH
FEXGIN T AR T 1 )RS RE T T A R ARV L 5 2 O I
PANR ]I, AT, Zad RIS R )G, Rt
BEAMTRAE I 0 AT NS4 5), R AT 2R B 2

i g o B L g 20T VR R B IO SR IR TR 2
REVEFNSSF Y et A7 B B A EAICR
R4 TREIAEFM LRMAERE o ZHEERHEN

Table 4 o-diversity indexes of soil bacterial communities under
different amendments

Ab P Chaol #5%¢  Shannon #§%k Simpson 5 %1
CK 342.542.5¢ 6.51£0.01d 0.9825+0.001a
Ca(OH), 560.2+0.8a 7.14+0.02b 0.9816+0.003a
CaLS 423.0+1.1d 6.21+0.07¢ 0.9716+0.002b
PASP-Ca 562.5+2.5a 7.28+0.01a 0.9822+0.001a
v-PGA-Ca 506.5+4.5b 6.83+0.01c 0.9737+0.001b
[ others Firmicutes
[ Gemmatimonadetes [y WPS-2 .
1 Clyanctomycetes ) Patescibacteria
[ Planctomycetes Proteobacteria
[ Chloroflexi Actinobacteria
2] Acidobacteria
]00 o e — E
[
AN
80F : 7
£ 60}
i
kT
ey
= 40t
20F
0
CK Ca(OH), CaLS PASP-Ca y-PGA-Ca
Ak
B4 FREHIEAEFILETIRBEETKFETH
B R EMILA Y

Fig. 4 Soil bacterial community compositions at phyla level under
different amendments
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Table 5 Root growth parameters of cabbage under different amendments

Qb3 R (em) HRF- 44 B 4% (mm) M2 A (em?) AR (cm®) HRARKL
CK 52.8+1.2e 0.361+0.014a 7.32+0.46d 0.066+0.002d 210+14d
Ca(OH), 71.6£2.2d 0.352+0.018a 8.54+0.52d 0.077+0.018d 256+15¢
CalLS 100+4c 0.354+0.016a 11.7+£0.51¢ 0.116+0.007¢ 280+7¢c
PASP-Ca 133+12b 0.366+0.010a 17.2+1.85b 0.1794+0.018b 435+31b
v-PGA-Ca 166+11a 0.362+0.057a 24.5+t4.51a 0.411+0.028a 531+l1a
*6 TREIAEFMEI/NARMKS. EYE. HERMMHRRES SN
Table 6 Plant heights, biomass, leaf areas and chlorophyll contents of Pakchoi under different amendments
GEL k¥ (cm) R (g/BR) 1T A5 (em?) 43 3 5 1 (SPAD {H)
CK 5.83+0.25d 0.42+0.06d 2.27+0.11d 24.9+1.3d
Ca(OH), 9.27+0.17¢ 0.93+0.05¢ 6.52+0.36¢ 27.8+1.3¢c
CalLs 9.13+0.26¢ 1.044+0.09¢ 7.95+0.32bc 34.9+1.1b
PASP-Ca 11.9+£0.21b 1.44+0.08b 9.83+0.39b 35.5+0.5b
v-PGA-Ca 14.3+0.54a 2.44+0.08a 14.20+2.29a 42.4+0.5a
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Fig. 5 Correlation analysis among soil acidity, nutrients, aggregate stability, microbial diversity, and plant growth parameters
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