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Abstract: [Objective] Coastal saline-alkali soil is plagued by prominent issues such as high salinity, poor structure, and
nutrient imbalance, which severely restrict regional ecological security. The application of bio-based amendments is an
effective measure for ameliorating saline-alkali soil; however, its effect on the quality of coastal saline-alkali soil remains
unclear. [Method] Using Olea europaea L. and Taxodium mucronatum Ten. as test tree species, and coastal saline-alkali soil
in the reclamation area of Taizhou City as the research object, two bio-based amendments, Amendment 1 (Camellia oleifera
husk + humic acid, 1:1, m:m) and Amendment 2 (biochar + humic acid, 1:1, m:m), were applied at five treatment levels: CK
(no amendment), T1 (Amendment 1, 2.5 kg-plant?), T2 (Amendment 1, 5.0 kg-plantt), T3 (Amendment 2, 2.5 kg-plant?), and
T4 (Amendment 2, 5.0 kg-plant 1), to evaluate their effects on soil quality. A three-year field experiment was conducted to
systematically determine the indicators of soil physical structure, chemical properties, and enzyme activities. Principal
component analysis (PCA) was employed to construct soil quality indices based on the total data set (TDS) and the minimum
data set (MDS), respectively, for comprehensively evaluating the improvement effects of different amendment schemes.

[Result] Soil quality was comprehensively evaluated by establishing both TDS and MDS based on PCA. The results showed
that: (1) Both bio-based amendments demonstrated certain ameliorative effects on the saline-alkali soil. Among them, the 2.5
kg-plant! biochar treatment showed the most comprehensive improvement in coastal saline-alkali soil, significantly enhancing
soil aggregate stability, increasing the contents of soil organic carbon, total nitrogen, and total phosphorus. This treatment also
promoted the accumulation of calcium and magnesium ions while reducing the relative proportion of sodium ions, and
effectively boosting the activities of soil urease and polyphenol oxidase. (2) The PCA results indicated that bulk density, mean
weight diameter, soil organic carbon, total phosphorus, nitrogen-phosphorus ratio, and urease could serve as MDS for soil
quality evaluation in the 0-20 cm soil layer of coastal saline-alkali soil, while the MDS for the 20-40 cm soil layer included
bulk density, Ro.2s, organic carbon, cation exchange capacity, carbon-phosphorus ratio, Ca, and Na/Mg. (3) The evaluation
results of soil quality index (SQI) showed that the SQI of the T3 treatment was higher than that of other treatments. (4)
Regression analysis results revealed that the SQI constructed based on TDS and MDS in both 0-20 cm and 20-40 cm soil layers
showed an extremely significant positive correlation (P < 0.001), verifying that the MDS could be used as an evaluation
indicator to characterize the improvement effect of coastal saline-alkali soil. [ Conclusion] The combined biochar treatment
(2.5 kg-plant™) exhibits the greatest and most comprehensive improvement in coastal saline-alkali soil, achieving a significant
enhancement of soil quality with considerable potential for popularization and application. In addition, the layered minimum
data set established in this study can provide data support for the monitoring and evaluation of soil quality in this region.

Key words: Biochar; Camellia oleifera husk; Coastal saline-alkali soil; Soil quality evaluation; The layered minimum data set

TR IR AR R R, BRI R R BN E L R R B S AL,
PR HIZ A S e REARERIE X, BRI A A S sm R SRIE B Ko, I,
BUCREEEAWIINGE], ™ g DR AE S L SR a R g, R MR st FaE Halir ek
R AT i 2

DRI ki, R AR 2 =R AT SR e R . AR, R (A
FEAT B e U SIS D BRAERIEKERIEN, (HilH TREER, s sl (i (it
AT BRI RS C RARD AR SEINFR 0 T RCR B, EEEAERENEE. S
figf s S RRCRAE DA RF S5 R Y, RS i CUR R A M RGTD BB AR, (LR
FERTRIOL, [RIE, TR ERG FaE . FREER I RIE T I AT R A ol (SR, SR 2 il #h il
R [ BRI 5T 77 17

EARZE RIE, EYFUR K E R IR 2480, SHE 7 ohE kT E ek
Rk 46 52 22 B ORTE . W TER I, il AV BOR e PR 3 L 7y, S 3 LER EE AN /K g

http://pedologica.issas.ac.cn



+ ok
Acta Pedologica Sinica

BERT LN TR, IRl E S AU S o e R S B A R, I
CRE UGG R BRI S, SR, DU AUREAO R T SRR 46 (1 A )k o BRI H
i 2B EA, NERFV IR RSO 7 A Rog el 2R, AR RAPE 2 18] CnA= sk
5T KIS RACRYZ ERPRFIE . i T2 & R B2, /E LG S % Hsk=Z 2500
FLgtol, [, A S R BCR Y 2 M T IR B e e S e R, CRRERE S, (b
YRR AT RGCR GV, HE MDA EZ . BRIUR, SEW BN, X iats
5 IRTIREMI ORI T AESZ IR, A DATEAl T e R gty

BT RIRTE S, AWHTTVEVI TR A 2R S R AR R, R GEI T 3 0 2 ) B 4
P AEENE T S B R RSO, RIS F e VAR B MR AR, TR T R R R AU
LZREVHIMAR, DIEAPHSA RS RIERIAIEERCRMA, AL R R A i oL
RIT%, FENARNEFF Y mE B SR SR A 0

1 MRS Tk

1.1 RIE XL
RIGH ST T WL G M G NS X (28°34'59" N, 121°34'18"E) . I [X & T bl =
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Table 1 The basic properties of soil in current study

T2 3O P& FAc @ THEEHRS AR ® BRHHS HAH©
Soil layer PH / (g-kg1) / (cmol-kg™) / (g-kgH / (mg-kg® / (mg-kg®) / (mg-kg®
0~20cm 8.62 2.39 14 11.8 29.2 17.8 560
20~40cm 8.95 5.58 13.8 11.6 29.2 18.3 601

(TBoil salt, @Cation exchange capacity, 35oil organic matter, @Alkali-hydrolyzable nitrogen , GAvailable phosphorus, ©Available
potassium.
1.2 &It

A HL T 2021 4F 5 H#E4T 70 om BREH THA SR 28, SeRcAa Ty . 1A% K H SR = BEALIX 4
v, BB R AIFEAS F A R E N BACR, SR A 1O R R (11, mm) , BRI
2 NAEVIFUR+IEHERR (1:1, mm) o KA FRC 7 F H S35 E 5 AN EE: SEXTR (CK, ANE
I EFD 5 T1 (FeJ5 1, 25kg-plant?) ; T2 (FdJ7 1, 5.0kg-plant®) ; T3 (i /5 2, 2.5kg-plant
Y5 T4 (BLJ7 2, 5.0kg-plant?) o fEFF g (Oleaeuropaea L.) 2275 7% F42 (Taxodium
mucronatum Ten.) , #% 1.5m AT EM . Bt R AR W T, R AT : pH5.8, 47k 486
g-kgt, % 4.29kg?t, 40017 g-kgt, 4 8549-kgt; MR pH 7.93, 4fk 104
g-kgt, 4% 26 g-kgl, 4 21.29-kgt, 44F 0.13 g-kgl.
1.3 HmRESNE

T 2024 4 5 HK4E 0~20 cm 1 20~40 cm LERIFERER L, £ EARRTE, PHERFEL 2 mm
Al IR R TR Fabrk A 77518, +3%%5 8 (Bulk density, BD)  fLERFE (Soil
porosity, SP) il LI Tk g ; 3% pH RAH BALEN E (EKFELE 1:25) 5 BHE 732 #5 (Cation
exchange capacity, CEC) K F =S /N & A iR #—2 O BEVEII € s 3845 H18% (Soil organic carbon,
SOC) % 0.5 mol- Lt HCI FRAL FilAb2E 5, 4 A S A HLA S 2070 AT A (Multi N/C 3100,Analytik Jena AG,
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FEED R, 4% (Total nitrogen,  TND MRIEILICE ZiLM €], 3 48% (Total phosphorus,
TP) RHAWE- S AR A, HEPIaENER, 288 (N | #f (K) . 8 (Ca) . B (Mg)
KR F IR - #h R - S U BRTH A P2 B, HBGR & 45 B 0yl e 061, L8 IREG (Soil urease, S-
UE) FZ Wy 1L (Soil polyphenol oxidase, S-PPO) i PER R & (FFMBHEEMBEARHRA
FD W, D SRS AR W b L RN A0 =y bl ik

FRIRER o R R T AR, B KT 2mm. 2~0.25 mm., 0.25~0.053 mm F1/MF- 0.053 mm
(1) A1 56 {20 7181, K [ 544 &5 & (Large aggregate content, Ro.s) « “F-3%) 5 & B 12 (Mean weight diameter,
MWD) FlJLf T #4 E 4% (Geometric mean diameter, GMD) 1577001 .

Ro25=M;>0.25/ Mt (D
HAH, Meo2s WRAE KT 0.25mm HEIEETIFE, g5 M ARBIERERSRE, g.

X Wi
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N
s T
GMD/mm=exp [Zl VZL nx,] (3
i Wi

X, xi AR BRI EAE, mm: wi AR BIRER T E S, %.
1.4 HIERETMHE

AWK EHIESE (Total dataset, TDS) Alf /M4 (Minimum dataset, MDS) i A= 4%k
oA R VI BRI I S R AT SR A VY, BAOPIRIR

(1) /MR . EE 20 AS5oma I8 S e bnf i TDS. 27638 H 3 5ear 40 A fll R
i (Pearson) AHICIHE /T4 EE MDS. EHURHEE KT 1 M FE ST, FFHRICE 32 5oy R 2 4
(bR (RO i K B0k B 5 KA 90% MR FR) o 53 F A — Tl m i A Fe s, W E B NIk
MDS; #AFATEZ T B fabn, MIASIG A A CRE r|<0.6, KEFEIREIE EMAL, 25
ANif MDS; k2, #|r|=0.6, MRPFELETCRIESR, EHEHEER ST TIAZE MDS 11, 3
W, r PR RR Z (A1 Pearson AHC REL, RBUFEARIAIZEVERCRERE, | r| BB 1 R OHE
g, BB 0 RIS BT,

(2) FBERBUE I . NTHBRA R AR B AR, R SR8 R B0 R 4 I s (A T
HEAL AR B, F LA 0~1 MR ENGME . RIESTn S LEEEN DR, FirdE b m k)
AT RLR AL ((EBOERLT) « SR B (EFE RV N fefE) DAA BB pR 8l ({E B/ N ) =
KON, g4 SRR R RT e PR EE A, B - TR ARSI 8 B 2R A W H R AR AR G HR bR (MWD GMD.
Rozs) « T3EFE4> (SOC. TN, TP) KHALEIFEL (CIN. C/P. N/P) | 3G 55 I8 i &
AR HEE I FRFR I A A B R K pH (E AR AL RS KA E (BD) LA EmMEbR (Na.
Na/Ca. Na/Mg) VA JR& Y R 4L

TH R A T
/ 1.0 X=X,
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0.1 X<X,, X=X,

, 14+0.9(X-X, -X X, <X<O0
X (0= 0.1+0.9( 101)/(01 1) 1 1 (5)

° 01 <X<02

1.0-0.9(X-0,)/(X,-0,)
0,<X=<X,
PR R R

X (X)={1.0-0.9X-X,}/(X,-X) X, <X<X, (6)

o, XONEFRPRISEIE, X A FIRAE, Xo N BEIRAE, O NmfREEHE(E, O Afmmikuifh.
(3) R EINE . KA S e bl F s i, SRR AR T Z S ra fabs A+
T3 2 R LEAR A Z AR AR AL LA
(&) TIEFEAREOTE . KR INARIEFE I, 35 R4 (Soil quality index , SQD THE A
SN
SQI= Y (WX;) (7
Q Z ,
A, Wi MR, XioNsRIEEEE. SQI YElEAE 0~1 18], M-I E S HbriE, KX
SQI R NEAES: 14 (=05) . 114 (0.4~05) . %% (0.3~0.4) . V& (0.2~0.3) . V
& (<0.2) , 1 1HEVHIEFEMRK KK,
(5) H/NIHEE G EMEIGE . XF TDS A1 MDS #4% (1) T3 i AR AT RIA 0 b, B —F A7 AE
REIEMKKR, RPWEDR MDS LB TDS PPN R, R MULH AR
1.5 BUEALIE
K Excel 2021 BEATHIERFE, KA SPSS30.0 HEATG /0T, AUIEMAIEEA t 56, R R
T Z43H1 (One-way ANOVA) | F/NE & 2 3k (LSD) £ HEEL# (P <0.05) . Pearson #3204
MERS 4. KA R4.4.2 F1 Adobe Illustrator 2024 3347 #1115 .

2 45 B

2.1 EYE R FIAE S IR IR M R AV M

A O R TR IR B B AL T R SR B R I PR AR 2 e . S ACERE] RIEARE Y CK ERE
Z, FWHHEFAEREERAR (B 1la) o agUR ool B e R L0 53+ E 2
7 (B 1b) , £ 0~20cm 12, N T1 B HIEFLRREE (SP) BEFK T 21.72%; 1fifE 20~40cm
+ 2, Bk T3 AhH A SP ¥R ET CK (BFIR 8.27%~31.50%) . i K753 e & R ik fa e
P (- 1e~E 1e) « EWANLER, T2~T4 LFHEZERE T MWD Ml GMD; Hr, 0~20cm +
JZUL T4 AR TR RE fek, B8 CK 2 I3 1N 36.6% A1 76.9%. Mt4h, 7E0~20cm )2, T3 FI T4 4t
HHEEYER T Rozs, 704215 18.3%H 24.8%.
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Data in the figure are presented as mean + standard deviation (n = 5). Different lowercase letters above the columns of the same color indicate
significant differences among different treatments within the same soil layer at the 0.05 level. *, **, and *** indicate significant differences
between soil layers within the same treatment at P < 0.05, P < 0.01, and P < 0.001, respectively. CK, no amendment; T1, Amendment 1
(Camellia oleifera husk + humic acid, 1:1, m:m) at 2.5 kg-plant?; T2, Amendment 1 at 5.0 kg-plant?; T3, Amendment 2 (Biochar + humic
acid, 1:1, m:m) at 2.5 kg-plant®; T4, Amendment 2 at 5.0 kg-plant. The same below.

1A L RAC T R R B T (a0 LIEAE (BD) , b, RIBFLRRE (SPY , ¢ BIRKEFHEHEE

HE (MWD) , d. JLFEERZE (GMD) , e. KEIEREGE (Ros) )
Fig. 1 Soil physical properties of coastal saline-alkali soil under different amendment treatments (a. soil bulk density (BD), b. soil porosity

(SP), c. mean weight diameter (MWD) of aggregate, d. geometric mean diameter (GMD) of aggregate, e. large aggregate content (Ro2s) )
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B 2 R[F -3 RACEE RIRH AR - bR (a0 B3 pH (pHD , b, HIEFHE FIHE (CEC) )
Fig. 2 Soil chemical properties of coastal saline-alkali soil under different amendment treatments (a. soil pH (pH), b. soil cation exchange
capacity (CEC))
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Fig. 3 Soil nutrient contents of coastal saline-alkali soil under different amendment treatments (a. soil organic carbon (SOC), b. total nitrogen
(TN), c. total phosphorus (TP), d. C:N ratio (C/N), e. C:P ratio (C/P), f. N:P ratio (N/P))
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Fig. 4 Soil base cation contents of coastal saline-alkali soil under different amendment treatments (a. sodium content (Na), b. calcium content
(Ca), c. magnesium content (Mg), d. Na:Ca ratio (Na/Ca), e. Na:Mg ratio (Na/Mg) )
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Fig. 5 Soil enzyme activities of coastal saline-alkali soil under different amendment treatments (a. soil urease (S-UE), b. soil polyphenol
oxidase (S-PPO))
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ERI R Y], 0~20 cm 5 20~40 cm +JR R Z GTRR 7 0 84.29%5 83.90%, g
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AR, T1AFE NI, T2, T3, T4 FEEIAR] [2%; 20~40cm LZ2H, CKEWFIFHN LT
Y lgk, T1ACFEAE TDS iRy 114k, 76 MDS Y-y 14, T2, T3. T4 bFEFaE N 144,
PIFPPEN VAN, S A0H SQI ¥ RE T CK (B 7 o Ea &Y, 0~20 cm + /24 TDS ¥4 LA
T4 i, MDS VLA T3 i, 20~40 cm L= TDS vFA4 LA T3 i, MDS vF4 LA T2 il i
— B MEA TR (B 8) , At EH TDS-SQI 5 MDS-SQI ¥ & 4% & 2 [IE A5 (P<0.001) ,
Tt BT R 2 ) MDS fefig n 5248 TDS, I Tissife Sha - o 15 10 B3 i & 0P

2 HEREBITFMEFERS S

Table 2 Principal component analysis of soil quality evaluation indicators

£t 0~20 cm E 4y N 20~40cm EJH 5y Nik
Index 0-20 cm principal component MDS 20-40 cm principal component MDS

1 2 3 4 5 6 @ 1 2 3 4 5 6 @

BD -0.07 0.13 -0.23 0.06 -0.52 0.70 =& 0.04 0.36 -0.18  -0.03 0.27 0.69 =
SP -0.40 0.34 0.18 0.46 0.27 0.14 -0.02 0.42 0.18 0.22 -0.50 -0.08
MWD 0.44 0.72 0.40 0.04 -0.26 -0.14 =& 0.69 0.54 0.05 0.25 0.14 -0.23
GMD 0.22 0.78 0.40 0.05 -0.33  -0.14 0.66 0.56 0.00 0.33 0.05 -0.28

Ro.2s 0.25 0.78 0.43 0.15 -0.28 -0.13 0.68 0.55 0.01 0.35 0.05 -0.24 3
pH 0.02 0.57 -0.13 0.45 0.38 -0.04 0.06 0.36 0.59 -0.33 0.32 -0.28

CEC 0.65 -0.21  -0.10 0.15 -0.16 0.07 0.44 -0.16  -0.14 0.34 -0.58 0.32 3

SOC -0.07 0.72 -0.20 -0.22 -0.02 0.38 =& 0.41 0.71 -0.19 -022 -0.02 0.23 =
TN 0.73 0.24 -0.35 0.25 0.23 0.28 0.73 -0.37 0.43 0.05 0.19 0.24
TP -0.58 0.15 -0.69 0.19 -0.23  -0.01 =& 0.35 0.16 0.71 -0.25 -0.39 0.19
CIN -0.75 0.02 0.06 -052  -0.06 -0.12 -0.42 0.67 -046 -013 -0.18 -0.12

CIP 0.51 0.27 0.56 -0.43 0.18 0.26 0.08 0.50 -0.70 0.02 0.32 0.03 T
N/P 0.92 -0.03 0.07 -0.03 0.21 0.21 =& 0.56 -0.53 -0.01 0.24 0.50 0.14
Na -0.88 0.30 0.16 0.19 0.14 0.09 -0.60 0.57 0.47 -0.02 0.07 0.03

Ca -0.72 0.61 -0.21  -0.04 0.00 -0.02 0.27 0.53 -0.18 -0.62 -0.02 0.03 T
Mg 0.68 0.25 -0.53 0.04 -0.04 -0.25 0.74 -046 -0.02 -025 -0.19 -0.14
Na/Ca -0.02  -0.57 0.54 0.41 0.17 0.13 -0.64 -0.04 0.48 0.52 0.14 0.03

Na/Mg -0.87 0.09 0.38 0.08 0.11 0.19 -0.70 0.56 0.29 0.15 0.11 0.11 T
S-UE 0.06 0.43 -0.19 -0.53 0.48 0.12 =& 0.22 0.73 0.03 0.34 -0.08 0.25
S-PPO 0.06 0.74 -0.22 0.05 0.26 -0.18 0.38 0.35 0.60 -0.26 0.11 0.11
FHEHO 595 450 244 157 131  1.09 494 480 279 167 144 114
7 ZE TR D 29.74 2248 1220 7.84 6.56 5.46 2472 2401 1394 834 7.20 5.69
R TTE® 29.74 5222 6443 7227 7883 84.29 2472 4872 6266 71.01 7821 83.90

VE: MDS, H/INdE4E. Note: MDS, Minimum data set. (DEigenvalue, (2)Variance contribution, (3)Cumulative contribution rate, (4)Selected into

the MDS.
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Fig. 6 Correlation analysis of soil properties in different soil layers
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Fig. 7 Characteristics of soil quality index of coastal saline-alkali soil under different amendment treatments (a. soil quality index based on

total data set (TDS-SQI), b. soil quality index based on minimum data set (MDS-SQI))
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confidence interval. The regression equation, coefficient of determination (R?), and significance level (P < 0.001) are shown to characterize
the goodness of fit and statistical significance of MDS-SQI in predicting TDS-SQI for different soil layers.
] 8 TDS-SQI 5 MDS-SQI I &5 & (a. 0~20cm, b. 20~40 cm)
Fig. 8 Linear fitting relationship between TDS-SQI and MDS-SQI (a. 0-20 cm, b. 20-40 cm)
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