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Effects of conservation tillage with straw mulching on soil phosphorus components in the Loess Plateau
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Abstract: To explore the impact of straw mulching conservation tillage on the soil phosphorus composition and alkaline phosphatase phoD
gene in the Loess Plateau, this study used the research platform of the Changwu Loess Plateau Agricultural Ecological Experiment Station,

President of Chinese Sciences in Changwu County, Xianyang City, Shaanxi Province. Four treatments were set up : uncovered (CK), high
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straw coverage (Stog) every July, August, and September, low straw coverage (Sis) throughout the growth period, and high straw coverage

(Sw) throughout the growth period. The basic physical and chemical properties, the soil phosphorus, total organic phosphorus components,
total inorganic phosphorus components, and number of copies of alkaline phosphatase phoD genes, and their impact mechanisms in the 0—
20 cm topsoil layer under different straw mulching modes were studied. The results showed that, with the same coverage time, the contents
of total phosphorus (TP), available phosphorus (AP), inorganic phosphorus, Ca,—P, and moderately labile organic phosphorus (MLOP)
increased significantly with the increase in the coverage amount; Ca;—P was the main inorganic phosphorus component, accounting for
66.03%~72.34%, while MLOP was the main organic phosphorus component, accounting for 70.70%~-78.23%. Straw mulching significantly
increased the proportion of effective phosphorus source Ca,—P in inorganic phosphorus, while there was no significant change in the
proportion of the other components in inorganic phosphorus and the proportion of organic phosphorus components. Short—term mulching
before and after sowing was more beneficial to microbial metabolism than long—term mulching throughout the year, thereby accelerating the
synthesis of soil organic phosphorus. The inorganic phosphorus content of soil under different straw mulching treatments ranged from
985.33 mg-kg ™' to 1 043.33 mg-kg™', which was significantly higher than that of organic phosphorus. Redundancy analysis showed that the
soil pH, total carbon (TC), soil organic carbon (SOC), and soil water content (SWC) were negatively correlated with the MLOP content,
while they were positively correlated with highly stable organic phosphorus (HSOP). Ca,—P was positively correlated with SWC, SOC, pH,
and TP. Ca—P was positively correlated with pH and NH:i—N. Straw mulching could increase the copy number of the alkaline phosphatase
phoD gene, but the superposition of the full growth period mulching and high amount of straw mulching could inhibit the production of the
alkaline phosphatase phoD gene. Straw mulching could significantly change the contents of organic phosphorus components, and high straw

mulching significantly increased the content of inorganic phosphorus components, such as Ca,—P, throughout the growth period. The

changes in the contents of soil organic and inorganic phosphorus components were most affected by soil TC and pH.

Keywords: Loess Plateau; farmland ecosystem; straw mulching; phosphorus fraction; phosphatase gene
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Table 1 Physical and chemical properties of soil under different treatments

il B X3 AR ST ALK TR FH ] 47K d
Treatment pH TN/(g-kg™) TC/(g-kg™) NH;-N/(g-kg") NO;-N/(mg-kg™) SOC/(mg-kg™) SWC/% FC/%

CK 7.81+0.01b 1.14+0.09a 17.91+0.15ab 0.24+0.02a 74.97+2.26a 7.08+0.09h 8.66+0.04d  44.95+0.18a

Steo 8.10+0.03a 1.01+0.05b 17.03+0.15¢ 0.11+0.02d 19.12+0.30b 7.78+0.42abh 10.29+0.11¢  39.09+0.22d

Sus 8.12+0.03a 1.04+0.04ab 18.45+0.53a 0.19+0.02b 18.25+0.73bc 7.97+0.70a 11.15+£0.04b  44.13+0.10b

Soo 8.14+0.01a 1.00+0.03b 17.53+0.26bc 0.15+0.01¢c 15.71+0.16¢ 8.46+0.32a 12.57+0.15a  39.98+0.16¢

TE « [FJ S A [l BER R AL PR E] 22 57 (1% (P<0.05) o R 1]

Note: Different letters in the same column indicate significant differences between treatments at the 0.05 level. The same below.

R2 AELELIEREESE

Table 2 Phosphorus content of soil under different treatments

b B A DGR
Treatment TP/(mg-kg™) AP/(mg-kg”')  MBP/(mg-kg™)

CK 1 193.00+2.83h 47.00+0.92h 11.88+2.39h

Steo 1 184.67+10.61h 51.90+0.50a 18.36+2.40a

Sis 1 170.00+5.52h 51.90+0.50a 8.39+0.88¢

Soo 1242.00+9.19a 52.80+1.06a 7.26+1.08¢

1 043.33 mg-kg ' (& 1A) . Stoo, SusZb P TCHL#E 5 1Y
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3.11%, i FH AR T HoAh 4 A TCHLBELH 53 -

FH &1 1C 3 & TH AR AS [RIAS #2850 B0 ) 1 458
THLBES AN B R A T M. Caw-P & A8
AN 2, Stoo . Sus « Soo 1) Cang—P 75 2 23 B4 CK Ab PR
T 11.33.14.83.20.33 mg-kg'; Cas—P ,Al-P . Fe-P
O-PEHRAANFMFBHERSN T BB ARE S
CKAHLL , FEFT 7 S5 AL TR Car-P S iE 3 B E TH i,
1 Soo b PR R A i, H CK AR PR 45.17 mg-kg '

24 AEFBFESLIEX HIEENBREASHNZIT

T SR A BT $ v LI LR O = (A2 R OT
AN (F2A) , 5 CK A EL , Sus Ab FEAT LIS N+ A%
% . WK 2B A, A [AAS A1 o5 1 LA PLe 4
Fe A4 3 MLOP>LOP>MSOP>HSOP, MLOP F 5 [t
il K, 2 T Al A ALBE 4L 4y, HSOP Fr 5 He 3]
AR T A 3 A LB 4 43 B o Ee . AR 2 m]
AN TRV R A 55 0 A ML &N o Y e A T ek
A% AT E LOP & it IfJ0 i AR Ak, Hodr St ik

LAY LOP & & & T Sus Ab B s MLOP &5 12 43 Al £
106.48~160.46 mg- kg™, HiH Sys 4b F () + 3% MLOP 5
g R T oA 3 AR B, AUA 106.48 mg- kg, M EL
T CK Ab B /D T 33.64% ; MSOP 5 1 43 A1 75 12.83~
18.96 mg- kg™, HH Stoo b HH b CK A0 BE 75t I & 34
T 43.08% , HiAxab H[E] 25 5O B 3 HSOP % & 70 Al
1£10.06~11.33 mg- kg™, Sis A B Fb CK Ab i 2 14 T
T 12.63%.
2.5 AEIFEFEBEEX TIEEIEREEREE phoD EERIZ I

FH &1 3 1% 2 AT, A [R) G A o A B - S P
T R 13 phoD & [R5 D1 AU 1) A (L R 5 L TP 1Y
AV AR o Stoo . Sas A0 T -+ E BT T PR i phoD FE
IR 4 DB 1 5 T CK AL F, Soo b R BRI 5 1R ff phoD
FE [R5 DB /D Bl 7 5 ok 385 I B 1 5 152 1 pho D
FEDR P8 DUBCRE BB R, IR I, 3 s 1 1ty
phoD JE K ¥ DU 15 4430 TP 2 22 ] S A% 55 35 17 A
KRR, GBS R M2 BEAMEER, 5H
il PR T AN
26 BEF &SN ARRHBEN HIEREAS
M E R 5

DU [ A 1 i Ak P 4S9 45 ML A 40 % 1 kg i
IO AE R, DL 3 A B M M R B AR R 0E AT RDA,
SE AR Bho Ak 2 43 SR 1Y 68.58% FI
19.89% (& 4A) . HE4f RDA HP (1% J53 O Ji 2 0 B 5 i
], HSOP % & 5 SWC.TC.SOC Fl pH 2 F A%, 5
TP TN .NO;-N NHi-N 75 & 2 FiH 5 ; MSOP 7% &5 pH
EIEME, 5SWC.TC. TP, TN, SOC . NO;-N fI NH;-N
T B U OE ;s MLOP 5 NOS=N TP F1 TN % 1 5 IE A
K, 5 HAB P 2 AAHDE T - BELOP iy Bkt
BB T B AAE DG, MR K] 4B 7T 4113 TC Al pH
i TR0 s AN O =Sl ] S D G
TCALBE AL 2 A i AR F EA T RDA f 45 SRR 1
Bl 1 N 2 4350 RS S 72.56% 1 8.08% (E] 4C)

www.daes.org.an




AEg RUTEHEEE L TEETPL
1200 B [ O-P [ Al-P Fe-P Ca-P HE Cas—P [ Ca,-P
ab be a » 100
+ T c 2
— T T 3
0 L = =
E: 900 % ? 80
. Y
£ mEg
~— (S
= 600 /%% % 60
- HEE
3 NS
E WEE 40
5 300f =33
=5
RE 20
0 g
CK Steo Sus Seo A 0
Kb Treatment CK Stoo Sas Soo
Kb Treatment
460 1 100 1
a a a .
L —F 8 I 2 7
_ l a a sof —F + 1
" l T | T
£ a0t I 2 oh
E =18}
E b
T 400 = 40t
) =1
(&) o
20 20 F
0 0
CK Steo Sis S CK Stey Sus Seo
Kb 3 Treatment LI Treatment
100 501
a
7 ! “orog | a :
T L - ‘|' 1
o0 'sp J.
< 60t <30 l 1
%ﬂ on
2 E
= 40t b b = 20f
L T !
E : : -
20 F 10
0 0
CK Steo Sis Soo CK Steo Sas Soo
AL B Treatment AL PR Treatment
101 a . .al. 307
I . i I a
gt l 251 [ a a
H 2ist l
T 4r &
Lz =) 10 B
2+ 5L
0 0
CK Stoo Sis Soo CK Stoo Sas Soo
AL H Treatment AL PR Treatment

Ca,—P fl Fe-P & & 5 + 3 TP . pH . SWC . SOC £ 1EAH
%, 5 TC. TN ,NO:-N NHi-N 7% & 5 7415 ; 0-P Al

P 1%) WHARTY

AN RN A HR ) 22 53 W 25 (P<0.05) . FIFl.

Different letters indicate significant differences between treatments at the 0.05 level. The same below.

Bl ARAETETHBREASSE

Figure 1 Content of inorganic phosphorus and its components in soil under different treatments

Cai—P 5 NH;-N 1 pH £ 1EA1 56, 5+ HAh K 7 &
FAH 5 5 Cas—P 7555 TC TN .NO;—N . TP 7 & 52 1E



T SRS TP B 0 25 S S L5 0 R 373

2501 A B 100 [0 Hsop [ MSoOP MLOP K LOP
a _
= 200f T I I H :
T 1 - E< L
=z I 2% 80
g 1s50p Z2E%
= EoZ 60t
=W QQ =) %
o =
= 1001 HES
i) s £ 40 ¢
= ® 8
€ s0p =2
EE 20}
0 &
CK Steo Sas Soo 0
Kb PE Treatment CK Stoo Sis S
AP Treatment
251 C a ~ 2501 D
ab T ab Moo
~ T - b T <
wooob [ 1 E: 1 % 200 a
o - ab T
< I
g = T b
£ 15t Ssofp [ 1L
< Z c
£ 10} = 100 *
= =
' 3
#ost g SO0
o g
0 S 0
CK Steo Sss Soo CK Stoo Sis Son
Kb I Treatment AbFH Treatment
251 E 121 F a
= . b b *
2 299 = I 2
. L a n i 1
%ﬂ 20 T %n
E = sf
=¥ L b a
g T b b b7
= L T T 6f
g 10 - &?—
= =l
T &
& st = 1
e @ 2
i+ i
0 0
CK Steo Sas Seo CK Steo Sas Soo
Kb B Treatment AL PR Treatment
B2 FELAETEFIBEEASSE
Figure 2 Contents of soil organic phosphorus and its components under different treatments
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