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Effects of the return of organic materials on soil physical and chemical properties

and bacterial number in sandy soil
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Abstract: Sandy soils have limitations for growing crops. In general, those soils have poor structural traits, low fertility,
and little organic matter. Agricultural practices influence the physical and chemical characteristics of soil and induce
changes in soil microbial structure and function. It was important to determine a conventional agricultural practice to improve
the quality of soil and solve the problem of the reduced productivity. The effects of different tillage practices on physical ,
chemical, and microbial properties of the soil have been studied. Organic matter is crucial for soil productivity and its
quantity depends heavily on soil management systems. Returning crop straw to fields is one of the common practices to
improve soil organic matter and achieve sustainable development of agriculture. Biochar, a solid elemental carbonaceous
material , formed from the thermochemical conversion of biomass in an oxygen-limited environment, is a much more durable
form of C than parent plant biomass or most forms of C in soil organic matter. Hence, the application of biochar to soil has
been proposed for increasing the stable C pool and improving physical and chemical properties of soil. No-tillage and direct

seeding are believed to be more sustainable than conventional practices, mainly because they improve nutrient status and
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water conservation. Although there have been many studies that referred to no-tillage and straw return or biochar application
separately, the combined effects of various tillage and organic materials returned to sandy soil in the Huanghuaihai Plain
requires further research. To address the adverse physical and chemical characteristics of the soil, a field experiment was
conducted in a sandy fluvo-aquic soil in a village near Xinzheng City, Henan Province, to assess the effect of five methods
of organic material return. The five methods were equivalent in the amount of carbon application, and included conventional
tillage combined with straw return (TS) , conventional tillage combined with biochar application (TB) , conventional tillage
combined with half straw and half biochar application (TSB), no-tillage combined with straw cover (NTSB), and no-
tillage combined with half straw and half biochar cover ( NTSB). The results indicated that compared with TS, the most
popular local agricultural practice, TB significantly decreased soil bulk density, and increased soil water content and pH
value. The soil quality index of soil organic matter increased by 16.4%. However, TB decreased the soil macroaggregate
number and bacterial gene copy number by 21.2% and 16.1%, respectively. Compared with the available carbon component
of straw, the chemical stability of biochar decreased microbial growth to some extent. TSB without any significant effect on
soil chemicals or microbial shifts could significantly decrease soil macroaggregate number. NTS and NTSB, the two no-tillage
practices could significantly increase the soil water content in the maize growing stages, bell mouth and ripening,
separately, and NTSB dramatically increased bacterial number and soil organic matter by 53.7% and 14.9%, respectively,
and decreased the soil fractal dimension, which increased the amount of macroaggregates and its stability. Compared with
the common practice of conventional tillage with straw return, no-tillage combined with straw and biochar return is an
effective way to change physical, chemical, and microbial properties of sandy soil, and the results will provide some

theoretical basis for improving other low-yield soils.
Key Words: tillage ;sany soil ;straw returning;biochar;soil aggregate ;bacterial 16S rRNA gene
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TR 1R A TR R A4 TR T A 28 U DX ARG/ INAZ - TR A AR B 97 S R 2 LD e sy N R A T, 12 b DX b b
B, AR S AR AN U200, SERR 14.2°C , fim 42.5C , 5 %-12.9°C . LREWIFEFEE 233 d,
AERRE RN I 676.1 mm, 5 KFF/K I 1083 mm,6—9 H AR FERT R (5§ 2 AEREM 1Y 64% , >R AL ALy /N7 -
TR AE AR Ty X, AU D B 1 AR M BN A LR & & 10.1 g/ke, BRAF A 32.62 mg/
kg, A %W 19.4 mg/kg, BN 75.0 mg/kg pH N 7.2;0—60 cm TIEHIIRALE N , WKL 81.28% , ¥y hi 12.94% ,
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Kk 5.77% .
1.2 ¥k

RIS FHAE Y R B RS B =R AE D Re IR A FRA R, SRR R /N2 RS FF 28 IR 500°C A i, HE AR T
BBk 510.6 g/kg, C/N M 68.1,pH N 9.7,
1.3 IRV AIRE R S

2013 4 6 H /PR HEATR R 40 /MK, R0 B O MUEBE, 2R R AFE H (TS) , Mg @
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2—1.,1—0.5.0.5—0.25 ,<0.25 mm 3£ 6 AR, T A DT I SR FH 3 5% R #1 — ve am R Sh in ik | £ 3¢
pH E B2 /K - HE 2.5:1 28K I, pH 3HIE .
1.5 TEERUEY S DNA BY$EHEL

1+ 3% DNA 2K Fast DNA Spin Kit for Soil ( Qbiogene, Carlsbad, CA, USA) A5 & #EH, FREL 0.5 ¢ ¥
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Ex TaqTM(TaKaRa, Japan) ,10 pwmol/L 1EZIa]5 4145 0.5 wL,DNA #5542 pL, HAYH ddH,0 #ME = 25 pl
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ﬂ‘ }EFF‘ T%u, ﬂ—%j_(:ﬁ: @} ﬁ[: WH TS ﬂfi EI(J j:i% /Ei\ 7J(§EE§ ﬂi Fig.1 Effect of different treatments on bulk density in sandy soil
i e . Vel e R [ 5 2 R 3 1 7 502 57 35 5 1S« 2 ik s B o

NTSB L fit 58 4 B K, e TR gy TR R LR . A
) R G S [ Tillage combined with straw returning, TB ; % FF 55 ik = (1 4= W) 5i¢
ﬁ/h;ql—? TS *H tt%&ﬁ@]%#ﬁ%7ﬁ$ ( P<005) © Eﬁﬂi FHHEAR [ Tillage combined with biochar returning, TSB ; 2f % 12
Hz%ﬁ*ﬂﬁﬂﬁﬁﬁﬁ?ﬁ%%@ﬁ{%i/a\ﬂ(% ,%iﬁz% wAEY S A B #EE M Tillage combined with half straw and half

ﬁ'ﬂj H &‘ﬁ%%{i 5 biochar returning, NTS ; 4= B A5 FF G #H 35 18 H NO—tillage combined
2.3 AREILCETRP A pH (E R0 with straw returning, NTSB; 2} & 75 21 & £ ) SR L 45 S 8 5 180

Z:IE] ﬂ‘fﬂ I % ?3 D['n] T @ fﬁﬁﬂ + 0—20 em + )% pH H No—tillage combined with half straw and half biochar returning
{8, {HXF 20—40 cm 3% pH EHE A K (& 3), Hi&
GERPERSATIE TS AL, 3 FHAE W) 538N T 0—20 em )2 pH {E, Jirb TB 25 7.3 W3 THALALBE , 1A [)
B R R 2B A W R AL PR A TSB A NTSB 5 TS AbFE 2% 5K 3% NTS 4 BE pH {H&AK N 6.4,

80 ¢ 1 0—20cm [0 20—40cm
120 ¢ a a . a
0 OTs m B . s l l .
oo | DTSB o mNts o gabld : T a l O
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g2 & y
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5
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2 AEAETEEREEETHAKE

Fig.2 Effect of different treatments on sandy soil water content

3 AEAEXREE LT pH BN

Fig.3 Effect of different treatments on sandy soil pH value
during growth period of maize

2.4 N[ Ah BRI S A AR R 2548 B 5 M)

AR AL FEXT 70 5 4 P R AR il B B0 (% 1), 5% M BIHREEE TS M L, S #FH it 19 NTS A1
NTSB, <0.25 mm FRARECR W80, >0.25 mm KRR WE 30, DAL EE NTSB [k A1 5 (R385
Ko BHBRSAE TG AW s AL FREY TB A1 TSB 5 TS A H#R W AR T KA R B8R, 20 B e TS BRI 21.2%
F122.2% , EATTR A RO Y BEAK = 2R IAE>2 mm BRI
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Table 1 Effect of different treatments on sandy soil aggregate variation

Lb T VA 5 1A 47 % B 434 Quality percentage of serious soil aggregates/ %

Treatments >5 mm 2—5 mm 1—2 mm 1-0.5 mm 0.5-0.25 mm <0.25 mm
TS 25.79h 11.49a 3.29a 4.68a 11.11a 43.63¢

TB 19.71¢ 9.84b 3.29a 4.86a 8.79ab 53.51ab
TSB 16.33d 9.71b 3.21a 4.33ab 10.25a 56.17a
NTS 32.40a 10.46a 3.73a 4.04b 6.47h 42.90¢
NTSB 29.75a 10.21a 3.25a 4.55a 10.39a 41.86¢

[F) B AS ] Ak e m Ab Bl 2 0] 25 57 I 3 ;TS S FHEhE m Tillage combined with straw returning, TB: ot P et 10 A 0 e B3 Tillage
combined with biochar returning,TSB;ﬂéﬁﬁfﬂ:ﬂéﬁﬁi%'m"@d%@ﬁﬁ H Tillage combined with half straw and half biochar returning, NTS A FE R
BHAE 534 1 NO ~tillage combined with straw returning, NTSB PR R AR Y R TS e BEE 55 T No- tillage combined with half straw and half

biochar returning

2.5 RFIALEL- eV B RS 2
AT - P 5 9 43 45 5 PRI 2.40—2.67 . T
ZIEVEZ (T 4) , NTS Fl NTSB ) £ 38 3R 44 530 4k c26f b 1 ‘}
HD F/h 2,40 F12.46, A= # 2R ARE. WITHE SE (| be
FIAEBISA0T0 TR A1 TSB ) LA R bR, 25 | ;
OM R 2.62 712,67, BEE THMA LTS 515 T2 2'3_
FALE AT S 5 i AR AE 0 2 ek ) o 4 ol
B, BB A= Wy S RERE I 1 b B L SR AR
AEH > TS TB TSB NTS NTSB
2.6 AN [ A TG R 90 2 A LT k4 A B Orga T
A
R JRIA FH J t B 2  mi b Jo Bh 2  He P B4 FELEIERELSHERHEM

Fig.4 Effect of different treatments on sandy soil Fractal dimension

T, W2, TB 5 NTSB A BRI A N & B e, 5
GRS FTBIBEIA TS AH LG, A HILST 238, 503400 16.4% 1 14.9% , AbE NTS I TSB 5 TS A LA i
AR 2 FR A IR B B K, S A R AR LT & A rTAT, > 0.25 mm K R A A HILTE B
B /N AR (ESERD B 1 DL <0.25 mm FRAR 54X g, SR ML & s8R A%, TB i NTSB XA
HURR A4 T 5 ZAARBIAE 0.5—2 mm, S THZ0RA% SR A8 A F TR TH B8 + A HLR S &,

®2 ARLEXRRBLIEVRESENZN

Table 2 Effect of different treatments on sandy soil organic matter content

pOBLi AL A P IRARAT LB & it Organic distribution in serious soil aggregates/ (g/kg)
Treatments Organic maiter >5 mm 2—5 mm 1—2 mm 1-0.5mm  0.5-0.25 mm <0.25 mm
TS 11.14b 12.55ab 11.00¢ 16.20b 16.75b 8.65ab 6.34a
TB 12.97a 14.20a 18.47a 23.47a 24.47a 11.85a 7.88a
TSB 11.80ab 12.00b 16.35ab 17.60b 22.80a 10.60a 7.10a
NTS 11.58b 11.77b 12.77¢ 20.23ab 19.20ab 9.45ab 7.45a
NTSB 12.80a 13.40a 17.00ab 21.20a 22.70a 11.60a 7.37a

IRV 91 R ) - s A B ] 2 5 W
2.7  NEANEEST R 4 0—40 em 240 LR HE ULB 520
i 5 i PCR 43T, ANEA 5 0 g il & i A e — 2 2 % (F 5), 0—20 em 1JZ TB 40 /Y 16Sr
RNA BEHHE DUEURAR N 7.49%10% , SEGREFFRIEEA H (TS) 40 1L, FEAIK 16.1% , TSB &5 TS 46 g &, 2
SHWAA LRSS B EAKE, MR A AL FE NTS FiT NTB 5 TS A8 He 3 S 288, 23 536 hn 53.7%
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42.2% . TB AbBREEAR T HF)Z A0 B, ke 16 ¢
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JEA AL PR B 25 R B B b TB AbIRA B mg 2} < % )
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ZE st [
3 g 2 ? e
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AR R SR B Ik T E ¢
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WA E N RS T HE DA R A B 0
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BEAE 510 e T B, - 752 - B S B S
BANECK . DI A DL A, 50 i, Oreaic el e
HR AR RMAE RIS %L 3 AE i 5 REASER RS AE 165 rRNA HE# N

I F KA R A, W R N e S5 AT S5 Rk Fig.5  Effect of different treatments on soil bacterial 16S rRNA
I AEYIRAEA SR IR R e H X 5B Y R BN & gene copy mumber
AL, Y BPE RS E A AR KOG R WA R 2058 S A
OESE S

0 K 2 AT BRI AR 7 ) W SR R 3R . AR B i 3 4 s K o i 2B TR 1%
AN+ B T AT PR R A MR (O BIF ST, 25 SRR Wt P By, H K S s T AR SR )
sext I PRK R . Hansena' " S NG 3 FLAR I FL A T RS FF AR 49 2 6D -+ FNE 4 ) AL M 5, 30
BMA 500 B+ R PR K PR RE A . ASAIESE KRB WA AR T AR K o3& e, AR W i b Joa i) 47K
o3 B VR I B W 2, I AE 7K 23 & AR AT i), 5 A GEMHVEAR LE , S bk sl s T A= ) o Ak AR A Y 35 B v 108
Tk, ORI RAS B B A S S AR Y e B 2 S 0 T AF)Z 1 pH (L, B AR HAB SR AL -0 |
AT ARAFHR L 2598 20

398 A SR A RIS SR AR 119 53 T8 A 5T LA 2 BH A 3R M 5 0 3R AR L LA AR S5 4 1 2 LA I, 6
T IR RHE R BTSN RAR 3 A1 Y 0 T AEEOB N | 1 SR8 45 F RS E PR BT, I IR TR &
SRAE T A BRA B S A 00 PRI, AR — B, S B R R R R R
KT 0.25mm KRR HFIE RIS O/ Yy B R0 B AR A PR T, P R
BE Sl B 0 R S0 VA e, T 1 9 B T 2 S8 0 - 23 4 4, A T 2R P
KOs, RRF AR LS B 1 RO S0 AR R A HUITR 1 T - 39 h 0  4 8T A
Yy, 3 AT LB S5 0 X DR AT SR A R TE I B RGBS I, A= W o 5 R AR O B AR
A B A 5 il e Ak i A Wy LR AE AR AR i P C R R R KIS R W, 550°C 5 Ak 1k 1 A ) ok
REFE SR AEAE 1 AR BB I) 227 T L8 o st ] DAY 2 300 A P VR 0 S — o B P VR A0, A i 2 5 e b 22
M BRI A N A ) e S R TRt B B 25 I A SR A B B Y ZEARIR ST T BRERE R R AT I A A
149 K P SR AR T A 1 3 7T BE RN T3 K AR W PR A AR KOG ZR o AR HI A= W ¢ Ry 500°C v Tt il 4%,
2 B RS e , AN G 1k il A SR RE S 4 v IR A DL & &, MR T B9RSFRIC & A Y e i ek
RACR B T R L3S, e 25-& 1 R o0tk 0 A= Ak A 300 A A B i 4B TR R0

IR YR S W A ) W AR AR — | AW oy A R g TS B BT T R AL
it (HAE Y AR 3 AN BET R A W) R . ASBFGEE L € B PCR 5 R A0 T 75 &, 5 4 i A AT
Bk AR L, Bl in S5 F AT 455k i (4 A= W S T REAIR 1 B2 - S W e, FRATTIA S e g I oA 2 0 7 14
IS B ) — Tl ) BR AR ALV, , AN RE A S W 4 o vl 1 I, b 36 2 N ORI ST AR AR S AL I T 50
GESRIS R INA: W 5 INRS FERE LA P 2B ARG BRI, A LR (R SRR A O3 A R A AT, 1 2B R TR A
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TR0 - SEmfd i, T AR A ) ORI BN T AR Y 22 57, B A R AR ok pHAEL, W R 2 ] 25
Ha R FE AR FRAL SR 1Y 2 5720 VT RESE e R E M 22 5 Y L e BB EIR R AT R RS AT S
HE M e P REA R INBE 2 SR A e b ke n] DU BRI T R R R TR 2R
GBI S PO A I AT & B AL 25 Fh R AR TR R IE T ARWETE RURAE 3 4F i 4
fifl b AT 9 — i AT EE AR S v, AR 2 R BAR SR, 18 b B L B IS A 5 Tt

4 Zig

(1) SRR ALY o BAEE B (TB) B E FRAR T LA E N FOR AR 7 ] R ok 70 il
pH {8, A ST TP & &, (HHIF B 38 ab B -+ K A R A s s

(2) SAEGAEAT BIPL R LE RS FFRC A A2 W0 5 BIBHA I (TSB) B 1 B35 FEAR 1 ORISR AR 0 e B
PRI HE AR R R A S35 T A AT T 38 (NTS) MRS AT A2 1 i S 2 5 i T (NTSB) 7053106
KR A BRI WU S AR 2 25 R0 1 3ok o5 A SR AR B I AR, B T R AT SR AR
PSR BORSE M 0 1 B2 R B WS, XA BRI LS & BT — 58 B0 , e NTSB 760 A7 HIL
STV DR 3 Iy T CR fRe e, 3 i) - s O e A

(3) HAERR B LR W A AURS AT BRI, 7RS0T N S 22 i) 3R B W B B RSOV, R W eV SRS E ,
REA AP TE LA LTS 5, (E A BEA RO ] A4 P SR AR S AL B A WP o, A 45 L AR 7™ 0 B
1T AR AT IC & 2L Y o s P, R — e R L obsfe T Wb o R B 2k o, 3 1 4 e 1Y

B,
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