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Effect of soil conditioners on the soil chemical properties and organic carbon pool of saline—sodic soil

JI Zheng—yu, ZHOU Ji—xiang, ZHANG He, GUO Kang-li, LIU Xiao, JIANG Hui—min, YANG Jun—cheng, LI Gui—hua’, ZHANG Jian—feng"
(National Engineering Laboratory for Improving Quality of Arable Land/Institute of Agricultural Resources and Regional Planning, Chinese
Academy of Agriculture Sciences, Beijing 100081, China)

Abstract: In order to provide a theoretical basis and technical support for the utilization of soil conditioners on saline —sodic soils, this
study focused on the effects of different soil conditioners on soil chemical properties and the soil organic carbon (SOC) pool. A field experi-
ment was conducted on a saline—sodic soil in Hetao Irrigated Area of Inner Mongolia. Four treatments were designed as follows : chemical
fertilizer only (CK), CK + organic soil conditioner(M ), CK + composite soil conditioner(G), and CK + a combination of organic soil condi-
tioner and composite soil conditioner(M+G ). After maize was harvested in 2017, soil samples were collected from depths of between 0 and
20 cm. The water—soluble salt ions content, total salt content (TS), sodium adsorption ratio(SAR), pH, SOC, labile organic carbon (LOC),
microbial biomass carbon(MBC), and carbon pool management index (CPMI) were measured and analyzed using related software. The fol-

lowing results were obtained. Application of the conditioners increased Ca* concentration by 13.07%~33.33%, and decreased soil Na*, CI",
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and SO.> concentrations by 29.83%~46.19%, 12.06%~33.19%, and 19.90%~34.59%, respectively. Compared with the CK treatment, total
salt content, SAR, and pH decreased by 12.67%~26.91%, 33.02%~47.06%, and 2.21%~4.56%, respectively, under conditioner treat-

ments. The combined application of two conditioners (M+G ), which had the most pronounced effect, significantly (P<0.05) reduced total
salt content, SAR, and pH by 26.91%, 47.06%, and 4.56%, respectively, compared with the CK treatment. Compared with the CK treat-
ment, SOC, LOC, and MBC increased by 18.90%~43.87%, 54.55%~82.33%, and 64.04%~86.85%, respectively, under the conditioner
treatments. The M+G treatment had the most significant effect on SOC, LOC, and MBC, in each case reaching a significance level of P<
0.05. Furthermore, compared with the CK treatment, soil amended conditioners enhanced the CPMI by 95.44%~135.83%, with the M+G
treatment having the most pronounced effect (P<0.05). Correlation analysis revealed that soil LOC, MBC, and CPMI were negatively corre-
lated with TS and SAR, indicating that LOC, MBC, and CPMI are sensitive to changes in the chemical properties of saline—sodic soil. Appli-
cation of organic and composite soil conditioners was found to be an effective measure, not only with regard to reducing soil total salt con-
tent, SAR, and pH but also for increasing SOC, soil organic carbon fractions, and the CPMI. Notably, combining the application of an organ-

ic soil conditioner and a composite soil conditioner was found to be the most effective approach under the examined experimental condi-

tions.

Keywords: saline—sodic soil; soil conditioner; soil chemical properties; soil organic carbon pool; carbon pool management index
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Table 1 Main physicochemical properties of tested soil conditioners

Wi ﬁm!ﬁ é%‘n e B . iﬁ‘&ﬁﬁlﬁ% Hi%? -
Ttems pH Organl(;( rrjlzxtler/ Total nlitrf:gen/ Total phEsP‘}lnrus/ Total pnktaismm/ Lab:e organlﬁ Electronic conﬁluctmty/
g-kg g-kg g-kg g-kg carbon/g-kg dS-m
AHLERA 775 127.12 14.65 21.05 22.88 11.24 14.94
HEAWRA 55 106.61 1.70 0.11 0.46 3.68 4.47
F2 I T EYURFAKBEEFFEE(cmol kg ™)
Table 2 Content of water—soluble salt ions in tested soil conditioners(cmol +kg™)

i H Ttems Ca* Mg** Na' K* cl SOy COY+HCO;s
A PSR 7.15 4.01 9.67 23.86 13.38 19.95 0.58
HAURA 10.12 12.90 1.36 0.03 2.125 21.61 0.15

F3 MAMRAPEEEEERSHERE(ng-kg')
Table 3 Content of heavy metals in tested soil conditioners and the reference limits (mg-kg™)
5 H Ttems Cr Ni Cu Zn Cd Ph As
A HLSC R 20.36 15.23 25.95 126.18 0.57 14.07 7.65
A MR 14.09 4.47 2.88 13.41 0.06 9.94 3.37
GB 4284—2018 500 100 500 1200 3 300 30
NY 525—2012 150 — — — 3 50 15
T — R A AR
Note :— means no relevant criteria found.

RMGH I JE FOREE X W 2%, H R K
W2.0 m, FEZEEABALFBER MG o IR
B2 1 18 (0~20 em) 19 FEASHE T3 48 b5 by - 5 K %
11.05%,pH 8.33, TIEA LI (SOM)6.93 g- kg™, A
(TN)0.78 g- kg™, BB (AP) 16.89 mg - kg™, 3 & B
(AK)238.51 mg-kg"'o #J2 HIEAAPERT LR 4,
1.3 HiENREIET

R DRI ] BE S FOK AR (R oy 2 b 2
RIS 657 I N 2016 4 4 F IF R, £ 2017
RO F S PIAERIE FOK . I 4 AN 3 (1) 2T 15
AbFR(CK) 5 (2) CK+A ML e 5 10 t-hm™ (M) 5
(3)CK+& & MR 7 16.7 t-hm2(G) 5 (4) CK+F
PSSR 10 t-hm 2+ 8 A 3 R 7 16.7 t-hm™
(M+G) s A FRE R 3, KA FEHLHES . /NX T
FUH 60 m?, AN [F] b ¥R /N X (0] 28R F . #5640 5l
Jiti R % (N 180 kg-hm™) BEHR —#% (P.05 138 kg-hm™)
AL (Ko0 75 kg-hm ) VERIENE . Pl oK AT —

YRS 300 R B A0 T - 802, i ad 2k
R SHHZE LR AT HA K A IR it 5 Y A
R IR —3
14 HRXE MNEMEERA*
1.4.1 B AR AR

F 2017 49 J FRWOHR J5 76 L35/ X PR
“27F RS 0~20 em FYHF)ZE T IEFE M 54, TR S
Ji o AP o B Ay, — 3 I S A, H AR
FTLBEEEYR R ZAK, 5 2 mm F10.149 mm ¥ ;
T3 — TN 4 CORFEIRAF , FH T 5E -3 RUE D A= 1
K
1.4.2 MEm H S ik

+HEA LK (SOC) F T AR TR AMINAATS vk s &
A CTN) F P LI /U s pH AR 1 L 50 1 g s
81 pH 11 (FE20) W™, 8820 B A HL AR 2 Jy 7
R - COFHI HCO: AU 7 751 55 R ik 2 145 5 C1FH AgNO;s
T 15 SO H EDTA [HJ#23 2 1 ; Ca”™ \Mg” ] EDTA

F4 M E T EUF MR

Table 4 Chemical properties of tested soil

A BRS EE

H ST . .
P Sodium adsorption ratio

Total salt content/g-kg™

T cos/

cmol kg™ emol-kg™ cmol-kg" emol-kg™ cmol-kg™ cmol kg™ emol-kg™ cmol-kg™

HCO3/ cr/ SO/ Ca™/ Mg/ Na'/ K/

8.33 18.55 20.03 0

0.24 30.37 6.21 3.03 5.35 12.01 0.12
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I IRE AL R R A S RIS R R
4 JE UK Cu.Zn Cd Ni . PbFll Cr % F Al R - 5 &R
T A, ICP-MS I E
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SAR=Na’/\/(Ca™ + Mg™)/2
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iR 215 JEE (1o )
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1.6 HIESITHW
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AN )k BET) R ] /0N Y. 25 22 8008 (Duncan 3 £ 47 22
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2.1 AR TEM R AN+ EY M R0
2.1.1 K AR A AR
W s, 5 CKAT L, it FH vl R 750 4% Ak B - 432
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M Fl M+G Ab 33k 5] 2 27K 7 (P<0.05) , 7 il 32 & T
33.14% F131.91% ; 13 Na e B 34 T [, Horh M+G &b
FRIA B 5 &K MR BEREAR T 46.18% 5 it FH W A i R
R B R T - Ca? MR B IR BRAR T Nat ¥R B, BEHH AT
BLA-BE S RN A ek BRI Y Ca™ itk A 11
VW, R R g Nat, B3 CIVR I 394
i, Horr G F M+G b 388 B 8 2 7K, 3 IR T
33.22% M1 22.12%; + 3 SOT ¥ B R K 1 25.09%~
34.69% (B ARIEFN R E Ko Fi5b, A3 145 Mg il
HCO: ¥ B AR AL B /N , - 2491E 20 5.09 emol - kg™ F10.23
emol kg™ BHEARTEEF A ; IR COTAREEH .
2.1.2 +3E TS SAR HlpH

it FH 2 R 500 6k - 38 TS SAR 1 pH B 52 i 4 & 2
JiroR o 338 TS A1 SAR 7E it FH i R 551 = Y REAIG, 150
e B[R] EF RER ARG T L B B AR . 5 CKARLE,
M+G b3 43 TS FI SAR M RFEAR I 35 1) 8 K-, 43
TR 24.65% F147.08% (P<0.05) o Jite FH 2l K 571 4% 4k
P A 398 pH th SRR A #, 4 H CK(pH 8.12) , G Al M+
G 4B pH {H 2. 2 AL H] 7.88 F17.75(P<0.05) .
22 AETEMRF AN RENZE
2.2.1 SOC e HAl o i

5 s SOC (4.91 g-kg') \LOC(0.94 g-kg™) Al
MBC(37.67 mg-kg™ ) SEA it ek R 515 244 A [F) A%
FEFETH (I 3) . M+GALBEAY SOC H CK B E T T
43.87%(P<0.05) ,M Fll G 4b ¥ 5 CK A L TC i & 25 5 5
158 LOC A MBC $& 7 B2 48K, ML G Rl M+G Ab B[
LOC b CK A3 34T T 54.55%.79.35% H182.33%, i
G I M+G 2 FRIA 3 2 2 /K F- (P<0.05) s MG F1 M+G Ak
FRE MBC H CK B 53271 T 64.04%.76.46% F186.85%
(P<0.05). SOC KA 435 5 bifi 18k R it A T4
T, PR 398 R At Y M+G AR B THIR R Feo k.
2.2.2 +HECPMI

CRATE W PEAREC IR RIS B 8 AR R DL &
CPMI 2 — 4 AH B O 48 b5 , 5 158 A 708 J1 % 1)
K. LLCKo NS, 3R 5 AT AL, CK AR HE CPMIIL T
CKo, & B it fL AR 5 ) 1 4G ML o i, fiff 1 358
T A HUTAR XS & b, 380 CPMIFEAIL , A A 24
Hiu R B - 3 LOC A9 45 35 A1 CPMIT B9 38 T o i it FH ek
L7 4% 4b B CPMI A o CKo A 3271, 5 CK A FE , M+
G AbF CPMI B E R TF T 135.83%(P<0.05) , M 1 G &b
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Different letters above the bars indicate significant differences among the

Figure 1 Content of water—soluble salt ions in soil of
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Figure 2 Total salt content, sodium adsorption ratio and pH in

soil of different treatments
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ab a
b T a]l_)
- I l |
CK M G M+G
Kb Treatments
a a
ab I l
I I l
: |
b
- T
Il
CK M G M+G
AL HE Treatments
a
P
: l
I I l
1 l
b
LT
l
CK M G M+G
Kb Treatments
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in soil of different treatments

x5 AEISE T EREEEIER
Table 5 CPMI of different treatments after application of

soil conditioner

AhEE RREIREL O BREIGEE O BRETEEERRE BRI RIE AL
Treatments CPI L LI CPMI
CKo 1 0.32 1 100
CK 1.00+0.25a 0.23+0.05a 0.73+0.17a 73.97+29.32h
M 1.28+0.30a 0.39+0.15a 1.20+0.46a  144.57+32.72ab
G 1.19+0.08a 0.40+0.07a 1.25+£0.23a  150.66+36.48abh
M+G  1.44+0.20a 0.40%0.14a 1.25+0.44a 174.44+40.08a

TE - [6 9B IS A [ /NS 7 B 3 R AN [ b B ) 28 S W 3% (P<
0.05).

Note: Values followed by different small letters in the same column
indicate significant differences among the treatments at 0.05 level.

SAR A% i 3 M AH 5C5E FR , CMPL 5 148 TS . SAR FlI
pH 2 I 25 3 i 2 fAH EOC R, B SOC L& 41
A3 wE I INAN CMPL 3 THE R F - b il RE 11
FEA .
2.4 TEMBC 5FEREFHIETHH

FF bk 5 MBC 5358 A 7 19 A & HE 2 7
iz 12 o4 PE R R A 38 1 58 MBC(Y) 5 TS
(X1) SARCX) FLOC(X3) HEAT A 4047, A5 [l 0
B, LR T, ZongebEmIE )y R, 5 4 MBC A
oK Z B = 1 LOC BT A4 S 1 — DT 2R 1% 5 e B A B
72.8% WA s, £ HELOC 5 TS # A7 19 — ook tk
J5 R B TR - 5 R BE B4 Mg B 48 MBC 1Y B fb
(R°=0.765) . TERE T FEFINA SAR & , H[al)H 75 72
i BEHE T RA L 16 I TS A1 LOC & 56 + 3 MBC (19 3
BLEZIA A F o

3 iTtig

3.1 TEMRAIX TENF RN
R L Y A R e e A S AR R

Fo TEANBRRAS BRETEEERTBEUFERZ BHHEXRY

Table 6 Correlation coefficients(r) between different organic carbon fractions , CPMI and soil chemical properties

TS SAR pH CPMI SOC LOC MBC

TS 1 0.827%%* 0.600% =0.779%* -0.434 =0.777%* —-0.822%*
SAR 1 0.588* -0.707* -0.687* -0.730%* =0.711%*

pH 1 -0.634* =0.778%* -0.554 -0.525
CPMI 1 0.525 0.889%* 0.898%*
SOC 1 0.518 0.496
LoC 1 0.868%*
MBC 1

T+ 25 (P<0.05) 5 4 .3 (P<0.01)
Note: * Significant P<0.05;** Highly significant P<0.01.
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R TEMEMEKRY) SERE(X) WEHLE () GEE
ARG ESTEAFE
Table 7 Regression equations between soil microbial biomass
carbon(Y) and total salt content(X,) , sodium adsorption ratio

(X»),labile organic carbon(X3)

Ji 2 Equation n F value R P
Y=43.03X;-3.01 12 30508 0.728  <0.01
Y=28.67X;-2.66X,+63.72 12 18936 0.765  <0.01

¥=29.39X5-2.97X,+0.54X,+45.55 12 11.315  0.738  <0.01

HIY) Ca® ¥ S8 00 8 400 2 4 e T 5S4 A 79 Na®, A
T A - S8 1 AT SR Y, 40 8 19 N i R 7K R TR
HEB AR, HAl, A8 BEa s SRR S
BLYIEHE 78 8501 Ca® R HILJTT St 5 35 1 FH el B
Ehm 0, AR IS PR, i S S A HL e R
FH) & AL BRI i 1 e Ca™ MR BRI T -4 rp
Na Ve . 302 i F el BRI HE Y Ca ilF A 387
55 284 Nat & Az B 4 S g, BRI - 38 v Ca? Vi
b TR Natfe B R R B AR R R B REER AL T &
[y Ca® , T LA M+G b 3 + 38 Na* ¥ B 55415, b CK 2 3%
FEAIR T 46.19%. CLI 1 SO% I B A RS R A 5 4k
Y Na™ 5 CUAI SO A= i T i R S Ak Eh Pl B B 46, B
- HEK o3 AR E S R R R R Y

S0 T EON R b B ] £ KA T B TR I 22 5%
AL R R A AR B CL, B M Ab B
T CIREE S T CAb R,

R R L H 2 — R RRIR
LU EA EE TR Na & . ABFSE & Bt FH ek
[ 71 148 TS FI SAR P REAR , 6 W ol R 3 R
FRE Y TR, LTS FRR R T s kE s
(1A% 1 1>0.25 mm RT3 E 43 FL 3N 1.47%~
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