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Effects of Salt Gradient on Transformation of Different Phosphorus Forms

LI Xiaolin'?, GAO Qiancheng?®, LIU Yuxing®, WANG Xiangping®, ZHANG Junhua'*", YAO Rongjiang>*

(1 College of Ecology and Environment, Ningxia University, Yinchuan 750021, China; 2 Key Laboratory of Soil and
Sustainable Agriculture, Chinese Academy of Sciences, Nanjing 211135, China; 3 State Key Laboratory of Land Degradation
and Ecological Restoration in Western China, Yinchuan 750021, China)

Abstract: In order to explore the difference and transformation of soil phosphorus forms under different salt gradients,
no-salinized soil was taken from the dry farmland in Pingluo, Ningxia as the research object, and indoor culture experiment
was conducted, in which three salt gradients of non-salinization (N), mild salinization (L) and moderate salinization (M)
were set up by adding NaCl and Na,SO, in equal amounts. The effects of salt gradient on soil phosphorus forms and
enzyme activities were analyzed under two treatments of no phosphorus fertilizer (S) and KH,PO, (P). The results showed
that: 1) the higher soil salt content, the lower soil available phosphorus content. 2) Soil organic phosphorus content
increased with the extension of culture time without phosphorus fertilizer added. In addition to phosphorus fertilizer added,
soil organic phosphorus content decreased with the extension of culture time. Under each salt gradient, soil organic
phosphorus content showed M>L>N. 3) After 97 days of culture, inorganic phosphorus reservoirs in the three salinized soils
without phosphorus fertilizer added were Ca;o-P>Cag-P>Fe-P>0-P>Al-P= Ca,-P. With the increase of salt content, the
contents of Ca;o-P and O-P increased, while the contents of Fe-P and AI-P decreased under the treatments of adding
phosphate fertilizer. 4) Significant positive correlations were found between soil Al-P and alkaline phosphatase (ALP)
activity in the treatments without adding phosphate fertilizer. While under the treatments of adding phosphate fertilizers,
significant negative correlations were found between soil Ca;o-P and O-P with ALP and phytase (PHY) activities, and

significant positive correlations between soil AI-P and Fe-P with ALP and PHY activities (P<0.05). From the perspective of
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the effect of salt on phosphorus form differences, this study provides a reference for exploring the transformation of soil

phosphorus form under different salt gradients.

Key words: Salt; Soil phosphorus form; Enzyme activity; Salinized soil
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Table 1 Design of culture experiment
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Fig. 1 Soil available phosphorus contents after 97 days of culture
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Fig.2 Changes of soil organic phosphorus contents with culture time under different salt gradients
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Fig. 3 Changes of soil inorganic phosphorus components under different salinity and phosphorus fertilizer gradients
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Fig. 4 Relationship between soil inorganic phosphorus forms and available phosphorus without phosphorus fertilizer
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Fig. 6 Proportions of soil inorganic phosphorus forms to total inorganic phosphorus under different treatments on day 1
(A) and day 97 (B) of culture
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Fig. 7 Correlation between soil phosphorus forms and enzyme activities under treatments without (A) and with (B) phosphorous fertilizer

addition treatment

http://soils.issas.ac.cn



%6 1

ZE/IARAE SRR BEXT 13 RN Rl T 2S5 A B 2 1229

5 Fe-P. Al-P #{E R ENAHL, 5 O-P. AHLEEY
5 IEA R R (P<0.05), 45K, ALP Al PHY
TEPERE AT HR ) AN ALLP i LA AN A b
FRIY) Cay-P. Al-P Fll Fe-P (&, JHEiE Cay-P Al
O-P 5428 VTS O 1n) FLAb TR S8 R 10 4% 4k .

3 Tt

3.1 Eo B A T EEREIR R
e R AR T2 AP . R A
F IR AR Ve S O ST S A 52 R b
i, IR SRR, A RO A AR,
Al T IERERMELL AR . AaFsEd, LI
A BB S A A RO B R 20 5 BB 10.7% ~
11.4%; ZURMURFEEL 5% 97 d J5A %00 4 S e
Fo ) s BMIRAK RN NSSLS>MS, 70k 13.7% .
11.3% F1 10.1%, BEEIER %) 19847 250 & s AT il
YERT . BIFSE 2, 3 i it MR R I 4 398 o 2ol &5
AR R AT, RINBEACAL S 5 R
B ER AP 5 10 5, {3 BB R A T A o
BRIRAS . R IR RER, R R R B SRt
- R R A SR AR, BIEE 97 KR, FRARIEE 4>
N 8.0% 1 26.8%. Ehrs i -1 2 A SR
SRR — e RS LT, RS
PR PTG 32 B 2012, A HUBE A B A VR FE Uk
55, JCHLBEOME LA YR AL o S ik e, AR
FEAR TIPS & it s — &y, i
T SRR SR, B AR SRR A
3 OR R  2E A S A RO Y BTN ] AFSE
W, HIETCHLBELL 0 Cay-P XiF H A W 0 TRk iR
K, Cag-P Fe-P Fil Al-P NASBEIIZERBEIR, Cayo-P
FE IR s, (AR AR T O-P. BKH
SE03 3 A AR it AN R R AR ARF 9 2 B
ANRITEHLBEL S3 Cay-P. Cag-P il Fe-P 545 %4 1 12
FHIEAR(P<0.001), AMF5EH, TCRETSMBEILE S A,
TE T3, Cay-P. Cag-P. Fe-P Fil Al-P 54 %0Hs
BB ETFAX(P<0.001), Cap-P Fil O-P S5A%H 217
I AT UL, TCIEANINBEIE 54, 3 Ca,-P . Cag-P.
Fe-P Fll ALl-P 1y AR k38 25 - R 2 A A, i
Cayo-P 1 O-P WyiE AL R4 = T3l e B B AR
SR AR EEIFGT Cay-P FIl O-P AUTEALRAR, AnEsIE
Sy P NURRS A HURE, IS s R A0k
32 EofBEEAXN T ERERSELNEN
WAL A 13805, AR PR AL PR N, e
B RRE LAY, RRfRHEVEY X B R e, 45

VeI =8P A 4 4 5 o VS IAS ) R S B AR 43
r H R AR AL, PR, BRI, £
HIUB St AL S 3540 AN R B 3 I, A5 HL 2 53 LA
CERER IR 1R ST TE S N 0 SR A I WP
PG LB S A BRI T RE R R A R
BS54 pH BRAK, 340 T 3 AL i
AIES A TSI, RS Akt TR I UE S

AT R, BRI L3, W
Ca,-P. Cag-P. Fe-P 1 Al-P (%4, Cao-P Fl O-P
() B o AR R ] AN S 380, R 2 B R] A RS
Ca;o-P fil O-P &b F [ THIRA, Cap-P. Cag-P. Fe-P fll
AL-P BB AGREGAS A 4518 5 A
B, WhINBEALIS, B3R5 1 K Ca,-P fll Fe-P Simii
FHEM, KA 97 K, Cao-P & KA W A2 1k,
ANFESEEEE TR Cayo-P BEMEEFEI K MP>LP>NP,
AEE AN 20.9% . 12.0% F1 12.9%. JCHLEEE
Cay-P. Cag-P. Fe-P Fll Al-P J& T4 S PEH & I 4H 53
Cayo-P F1 O-P JLT-ANREBAEY i A <

PR RW], IR G 5 0B 3 AR FHRARAL,
FCHB A3 IR 1502, A 38R Bl B 15 %o e 2R 1 R AL

SRS ARRIEREFE 97 dJE, RESIAIR N

BENCALEET , JEEW b Cajo-P 20 5 B TCHLBE S
Y 58.2% I 53.5%, HREEERET AN 58.9%
1 55.0%, HEERB Lol 62.6% F158.9%, &£
B4 Cayo-P & s BfER S O350 o5 TOALRE S 1Y L
A4 T i o X AT BB RO R R A e, e
e AR 2, IR AR, EmBERE L,
M Cay-P (G ATCHLBE S i fem, X4 H3Eh e )
FAVERARRS , Cayo-P BT AIVE K . RN 5T
FKW], Ca-P 2Ly HIETHLBEL S, Al-P I Fe-P
PR AR T5T - i ) 2 R P AR 2 R 5 A
L, 3% 97 d J5, NS, LS 1 MS kb3 + 3 Fe-P 5
AR 10.8% ., 10.3% Fl1 8.6%, Al-P [543k
3.0%. 2.7% F12.2%, #EHETHY Al-P Fl Fe-P Bfidh
3V JRE B T T ARAR o s o 22 SR 10 i D) A
i b B, Fe. Al i/l B EA MR
AR R, S5 AL-P Fil Fe-P & HFEMK. A
t, WINEEILE, T EEERET L T Cao-P AT O-P
SEIEINME AR, Cag-P 78 MP Ab B P4 (KT
TE NP Fl LP H 344, Ca,-P. Fe-P Fl Al-P ¥£ MP
FIRMIKE %, B O-P AFEREM, ik dh
JEER L R TN IL S Cay-P, Fe-P Fl Al-P £
FLEEAL R Cayo-P, FEAEERTE 4 A B Rt Ak 35
FTEAL N Ca-P F1 Cag-P,

http://soils.issas.ac.cn



1230 +

i

56 &

A O R S B R ER 23 B T e TR, TEER
Tt A A P 98 F e o % o e A U 418 - A 2
Wi (TS HEAECOR ST R, S HLAE . AL
JIES Pt - e P R 5 4R oy - SR i ) 4 1 M ALP
M PHY e A HLBET ILRY RN, -t il A iR e
IR £ 5 PR £h (e HE - AT MU TG AL, DRt — 25
PR vy 1 8 vl A 15 MR I i 9 2 AL RE 1 2
JE BIRIT ST H A

4 ik

1) ATRIER 386 B % - 9w PEVE FIASIA] . A28
BEACAY AL B, B -3 S Ehmm B, IO i
BTG AULBE SRR H TR LB Cay-P.
Cag-P. Fe-P Fll Al-P FEd4Jf#k. Ca,o-P Al O-P &g
Fhin o R INBEAL A AL FEER Ca,-P ZER /52 A 1 3
Ah, HAHL 5 5 0 I A b B R AR L AR ] . 2P
BifiEh o3 e Th i, 49 R R R Bl o0 A Ry [ A
B, B IR R I EREAL, 7Eh R ET L R R
B SATE

2) REUSMBEALR AL, 58 Al-P. Fe-P 5 ALP
FPHY SR IEAHE, 1A HLEE Ca)-P F10-P 5 ALP
A PHY ¥ ARG, WBIt/s, L4 AL-P. Fe-P fl
Ca-P 5 ALP I PHY ¥R BEIEMIE, O-P. Cay-P
5 ALP Fl PHY 2 W3 5AHC  RIAEGTE M3 AT #) T
+3Erp Cayo-P il O-P K AR SHHIBERIIEIL

P, 7ESEBRAERHE B A rp, SR ik 490
H A Bt A HLAE A LA it P AR 2y s
it 3 1 DN TR A ML ) TC LB R e 1k

S 3k

[1]  RRALEE, BR/bhIR, E b, 4. SR - oA RO st ik R
SR, 3, 2023, 55(3): 474-486.

[2] SR, TR, RIERERE AL S mECRED]. P ELK
Bk, 2019, 52(21): 3828-3829.

(3] BRETE. MmO S A R R e SV 8 ) R
Hyaws 7 AL D). m st m il R, 2004,

[4] Lv HY, Yang H T. Effects of long-term fertilization on
inorganic phosphorus morphology and adsorption and
desorption characteristics of black soil[J]. Soil Science and
Plant Analysis Communication, 2019, 50(6): 763-771.

5] DE, 3R, sk, 5 ARG KE T EERE
B FAT R R ). PR K2R (SRR R,
2011, 31(3): 193-199.

[6] PFHEE, #ME, o5 F 5, 5. AEGFREmEXNDER LT
WA SO FORBEMO B2 [J]. 45, 2023, 55(5):
1001-1007.

[7] Udo E J, Ibedu M A, Fagbami A A. Phosphorus status of
some saline and non-saline hydromorphic soils of the Niger
Delta of Nigeria[J]. Plant and Soil, 1984, 77(2): 327-335.

(8]
(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]
[17]
[18]

[19]

[20]
[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

R, Bfe—, Wit & AEEsE i RO
R = Ersna[]. HEHESAER] 2022(7): 58-63.
EHE, AR, WA, SF. FRESUNAR Wi AR
o R R A I FRT]. ARSI AR, 2014, 23(11):
1744-1751.

=, AL, BRORUL, AF. PR RS LR IE
RN R WA, 135, 2020, 52(4): 691-698.
Bk, BRI, EARE, S thEERE O R
BUR S RREA[T]. 3R, 2022, 59(1): 10-27.

Rath K M, Rousk J. Salt effects on the soil microbial
decomposer community and their role in organic carbon
cycling: A review[J]. Soil Biology and Biochemistry, 2015,
81: 108-123.

EOEE, BWAE, REH, 55 ORENB R R R )
IR S SRR S M )] S T
2022, 42(5): 81-87.

IREE, TEN, AR, . A W R EE X XS 4
WA CVE 28R 3], B fb#, 2023, 42(4):
1366-1380.

e, XMEM, MEE, & 24 F W BUKIHEFEX 1
etk oy FPUHAR AL A K RS2 )], TR IXBESE, 2022,
39(6): 1952—-1965.

E#R, SAFESR, T8, % hEHE LML dEE
Rl AL, 1993.

B, EIERAASHIIML 3RR. bt P EgR A,
2000.

A, A FH - 3 Rl e v 9t P R R 1y 2 1 B G
X Z M [D]. M AR ELT R, 2017.

VRIs e, AR, SRR, A A Rk e b A6 A
FRAEHR 13K 5y . A SR s B ).
E A 247, 2019, 35(24): 73-81.

Witk 2Nk, BEECHE, SF. AMEBEASIN SN W AR BR A
HBEEAWARED]. TR, 2024, 61(2): 515-526.
WRGEA:, BEARGE. e MokE ) b 33 Wl 0% A4 AR Gl 2 035 1 )
ERAR A B N [T). JEJ5FE 2, 2021(4): 79-86.

Ko, BSFR, MG, . A PUZIRBEIEX A KM
BETHBEIE S A SR sZ ], HYE 5= 5k
2#4R, 2011, 17(6): 1388—1394.

WRH, ZEE, B, . 0 R F BT
X K B A A - S TE AL S B SE A [T, K PR
4R, 2021, 35(4): 243-249.

O, MR, S, SE MARA N AR Y e
i N IR RBEm [T]. T 2 R (A AR R,
2016, 37(1): 118-124.

Was, ek, sKRiEgEm, &5 KOIMAL A& 1 T 54 -
TR B IR S v M S BB S R[], 1IE, 2013,
45(4): 678-682.

Wang J, Liu W Z, Mu H F, et al. Inorganic phosphorus
fractions and phosphorus availability in a calcareous soil
receiving 21-year superphosphate application[J]. Pedosphere,
2010, 20(3): 304-310.

Bodr, ETH, TR, . FRFRIGNR A
TERE R A A TEALBE S RS2 (1], PadbgRll
12, 2023, 32(5): 744-752.

M, by, BRORIT, SF. BCRAEE X IR bR R
T 1 AN E ) e 2 Y R (0], 3240, 2020, 57(5):
1219-1229.

XU/ AN [ R4 Bt o 28T = N ek 0o A T R 9
DRI SR [D]. dbat: ERNE B R4, 2021,
O, Th—, EAFEF, 55 2R IEREAR R A
AR LA #F FORBER W J]. L E2= 4, 2024, 61(2):
573-582.

http://soils.issas.ac.cn



