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Effect of different gravel mulched years on soil microflora and physicochemical
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Abstract: Soil microflora and physicochemical properties at soil and gravel-sand mixed layer (SGSML), roots
denseness layer (RDL), eluvial layer (EL) and Calcic horizon layer (CAL) in gravel-sand mulched field (GSMF) with
different gravel mulched years (1, 6, 12, 19 a and 25 a respectively) were investigated. The results indicated that (1)
Among the soil microorganisms of the GSMF, bacteria population was greatest, actinomycete was followed, and fungi was
the least one. As the deeper of the soil profile, the soil microorganisms population was decreased rapidly that mainly re-
sult from rapidly decreasing of bacteria population. Seil microbial population in RDL was greater compared with that of
SGSML with fewer roots due to effect of different crop roots distribution. (2) Population of bacteria and actinomycete in
crop growth period was greater than that of the fallow season, while the fungi population in crop growth period was lower
than that of the fallow season. (3) Bacteria and fungi population reached the maximum number when the gravel mulched
with 6 a to 12 a. Bacteria and fungi population was decreased as increasing of gravel mulched years due to gradually ag-
ing of GSMF. The actinomycete population was the other way round. (4) Good correlation was found between soil micro-
bial population of GSMF and soil water content, pH, gravel mulched years. Soil total C content was one of the important

factors restricting the soil microbial developing.
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Table 1 ~ Abbreviation of experimental treatments

Py Gravel mulched years/a

BUREES[E] Sampling time

6 12 19 25

YEIHE K ZE15 (5 A ) The growing season (May) T
VEIAEAE K Z95 (11 H) Not growing season ( November) Twi

Tss Tsi2 Tsio Tes

T\hﬁ T\\.’IZ T\X 19 T\X,25

1.3 HmRE

e HLAD T HR A SR 5 114 3l 7 5 e T IR
B 5 A FE R, A TP UT 0 R JZ AL 6 1Y)
BRAT, 0 i . FERE IR Z— 12 1.5 m 58
1 m PR A0 70 1T, LS 10T ) BH o A8 S 1) - 398 ) T /)
TR SR )R 30 6 44 IR A JE (Soil and
gravel — sand mixed layer, 4 5 i SGSML) AR & % &
JZ (Roots denseness layer, 45 i RDL) .k )2 ( Eluvi-

ate layer, 455 &y EL) F145 2 (Calcium accumulation
layer, 455 N CAL)! . FE8A~ 3R 2R 5
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PAS TR A (A SE 00 2 T 4°C ORI, T T2k W i D
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Table 2 Total amount of soil microbes and three microbial populations in different age of gravel — sand mulched field
#HIA Bacteria L Fungi KT Antinomycete ek 2
e kil st Forit sl Hori Hlt oty Tl number
Treatment Soil profile Quantity Percentage Quantity Percentage Quantity Percentage of microbe

(x10°) /% (x10%) /% (x10°) /% (x10°)
SGSML 27.73 aAaA 99.02 1.90 bA oA 0.01 2.74 bB yI' 0.98 28.00
RDL 8.83 bB e 96.50 2.11 aA oA 0.02 3.20 aA YT 3.50 9.15
T EL 0.38 cC e 75.39 0.78 ¢B 8B 0.16 1.24 dD <E 24.60 0.50
CAL 0.37 cC <E 61.66 0.62 ¢B 3B 0.10 2.30 cC I’ 38.33 0.60
P14 Average 9.33 83.14 1.35 0.07 2.37 16.85 9.56
SGSML 4.62 dD oA 97.74 0.06 dD eE 0 1.07 ¢C oA 2.26 4.73
RDL 53.23 aA 8B 99.63 0.33 ¢C dA 0 1.96 bB 6A 0.37 53.43
Tss EL 8.44 cC oA 95.65 0.97 aA B 0.01 3.84 aA 8B 4.35 8.82
CAL 27.32 bB oA 98.58 0.61 bB B 0 3.94 aA 8B 1.42 27.71
P14 Average 23.40 97.90 0.49 0 2.70 2.10 23.67
SGSML 26.82 bB 8B 99.88 0.61 aA oA 0 0.31 cC eE 0.12 26.85
RDL 37.98 aA yI’ 99.52 0.26 bB oA 0 1.84 aA 5A 0.48 38.16
Tsz EL 7.48 ¢C B 97.80 0.23 bB I 0 1.68 aA 5A 2.20 7.65
CAL 2.88 dD I 96.22 0.27 bB I 0.01 1.13bBeE 3.78 2.99
44 Average 18.79 98.36 0.34 0 1.24 1.65 18.91
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411 Bacteria AW Fung JHELH Antinomycete T By A
i e Hoi b $it b Hit fisptg  Total number
Treatment Soil profile Quantity Percentage Quantity Percentage Quantity Percentage of microbe

(x 10°) /% (x 10?) /% (x 10%) /% (x107)

SGSML 8.54 bB yT" 94.08 0.93 aA yT 0.01 5.37 aA (B 5.2 9.08

RDL 21.24 aA dA 98.06 0.91 aA BB 0 4.21 bB @B 1.94 21.66

Ta EL 2.12 ¢C T 87.75 0.93 aA BB 0.04 2.96 C YT 12.25 2.42

CAL 1.40 dD 5A 89.68 0.45bBYBI'  0.03 1.61 dD dA 10.31 1.56

¥4 Average 8.33 92.39 0.81 0.02 3.54 7.61 8.68

SGSML 1.73 ¢C <B 64.67 1.28 bA 8B 0.05 9.45 aA oA 35.33 2.68

RDL 72.47 aA oA 99.21 0.64 B YT 0 5.78 dC aA 0.79 73.05

Tos EL 0.73 dD 5A 51.92 1.34 abA oA 0.10 6.76 bB aA 48.08 1.41

CAL 4.10 bB BB 86.33 1.48 aA aA 0.03 6.49 cB oA 13.67 4.75

4 Average  19.76 75.53 1.19 0.05 7.12 24.47 20.47

SGSML 11.34 aA BB 95.36  16.7 aA aA 0.14 5.50 aA A 4.63 11.89

RDL 10.91 bB A 98.36 8.94 bB BB 0.08 1.81 bB oA 1.63 11.09

Tw, EL 3.50 cC oA 98.54 6.99 dD 8B 0.20 0.51 dD 8B 1.4 3.55

CAL 2.63 dD ofAB  96.38 8.60 cC YT 0.32 0.98 cC B 3.59 2.73

T4 Average 7.10 97.16  10.32 0.19 2.20 2.82 7.32

SGSML 3.76 aA 0A 97.33 0.46 dD B 0.01 1.03 bA YT 2.67 3.86

RDL 1.63 dC B 92.76  11.87 cC aA 0.68 1.26 aA BB 7.17 1.76

Tye EL 2.30 B dA 94.93 17.49 bB oA 0.72 1.21 abA A 5.00 2.42

CAL 2.53bBEBC 95.90  22.09 aA «A 0.84 1.06 bA 8B 4.02 2.64

-4 Average 2.56 95.23 12.98 0.56 1.14 4.72 2.67

SGSML 13.21 aA A 99.80 4.49 dD 8B 0.03 0.38 bA 5A 0.29 13.25

RDL 2.63 bB YT 97.61 5.31 cC T 0.20 0.64 aA yT 2.38 2.69

Ty EL 1.97 ¢C <B 99.76 7.04 bB BB 0.36 0.04 BT 0.20 1.97

CAL 2.50 bBEBI  98.38  11.84 aA @B 0.47 0.40 bA YT 1.57 2.54

4 Average 5.08 98.89 7.17 0.27 0.37 1.11 5.11

SGSML 9.12 aA YT 99.55 2.63 aA oA 0.03 0.41 bB 5A 0.45 9.16

RDL 7.81 bB BB 99.70 1.51 B <B 0.02 0.23bcBC A 0.29 7.83

Two EL 2.78 ¢C 1T 99.60 1.73 bB 8A 0.06 0.11 ¢C YT 0.39 2.79

CAL 2.30 dD 9T 85.85 0.14 dC <B 0.01 3.79 aA A 14.15 2.68

P4 Average 5.50 96.18 1.50 0.03 1.14 3.82 5.62

SGSML 3.19 aA <B 90.80 3.60 aA 7T 0.10 3.23 aA BB 9.19 3.51

RDL 278 BABYT  99.49 2.42 ¢C 5A 0.09 0.14 bB 3A 0.50 2.79

Tuns EL 3.07aBCPB  99.50 3.03 bB T 0.10 0.15 bB 4T 0.49 3.00

CAL 2.81 bC aA 99.61 1.27 dD 8A 0.05 0.11 bB 3A 0.39 2.82

-4 Average 2.96 97.35 2.58 0.09 0.91 2.64 3.05

TE R ST RN FHBE 25 AR R ) | 33800 i % BE AN [+ R A A 80 1) 2 S5, i M B8 28 7S 38 990 T A B A [ 8 8 4 BRAS [+ bof 20
FH7E [l 0 3 255 M I AR B 22 5 o/ NE T BERR'S 853 31| R 7R AE 0.05 ZKF- A1 0.01 7K F- - 22 53 1 25 5 SGSML—Ab H L3R & )2, RDL—
WAFE)Z, EL—E)Z , CAL—EBUZ; Tl

Note: alphabets of English in the table mean value significant in the same mulched year but in the different soil profile depth of gravel — sand mulched field,

&

alphabets of Greece in the table mean value significant in the same soil profile depth but in the different mulched year and in the same determined seasonal of gravel
— sand mulched field; lowercase letters and capital letters indicate significance at P <0.05 and P <0.01, respectively; SGSML—soil and gravel — sand mixed

layer, RDL—roots denseness layer, EL—eluviate layer, CAL—calcium accumulation layer; the same below.
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Table 3  Comparison of soil bacteria/fungus in different age of gravel — sand mulched field

QLB Treatment SGSML RDL EL CAL -5 Average
Ty 14.59 Aa yT" 4.18 Bb yT' 0.49 ¢C yT 0.60 cC BB 6.90 9T
Ts 77.00 Bb A 161.30 aA cA 8.70 dC BB 12.00 ¢dC oA 37.37 BB
Tsi2 43.97 beB 3B 146.08 aA cA 32.52 ¢BC oA 10.67 dC aA 54.86 oA
Tsig 9.18 bBC YT 23.34 aA BB 2.28 D YBr 3.11 ¢CD BB 10.34 yT
Tes 1.35 bB 6A 19.48 aA BB 0.54 Bb T 2.77 bB BB 4.01 9T
Twi 0.68 bB T 1.22 aA BB 0.50 beB YT 0.31 ¢B T 0.69 BBT'
Tys 8.17 aA oA 0.14 bB al' 0.13 bB 6A 0.11 bB YT 0.20 9T
Twi 2.94 aA BB 0.50 bB aBTA 0.28 bB 8B 0.21 bB YT 0.71 By BT
Twio 3.47 ¢C 3B 5.17 bB oA 1.61 dD oA 16.43 aA oA 3.66 aA
Tyas 0.89 bB T 1.15 Bb BB 1.01 bB BB 2.21 aA BB 1.15 BB

ELRH A i DI R R 4R R R TR AR IS A
sk ids, B & NSk ich &, 25 LA
BLT 35 T L 5 G, LB i ) 3B E g o A
2 PR, W0 H R R AR AR K
TAMEY AR . — Ay, U B 4 )
TER AR AR b P B S M Rl AR
B R A B AR, R R A TR/
TP Y LU AH, 2 3R A B8 hR . A3k 3 P,
TEAED)AE BT, AN R 10 FH - 398 v 240 T/ LR
Tsip > Tss > Tsjo > Tg > Teos, HLH TR ALK,
IR P R R AL A E R R E
MU T, SBUR R B L ZNAE/ AREE LT
FITHT AR o H G PT HE W, BV 6 ~ 12 2 R RDH
TIEWE VIR, Bl AR A B R 1 a
AP, TEAL T PRI S I, e b T T 2 m]
17
2.2 ARERERRHTEMEY SEEST

e 4 s  AEEY AR, AR IS B £
BRI Simpson ZREEFR BN Tgi9 > Tgpp > Teps
> Tg; > Tss » Shannon — Wiener ZHEMEFEEH Ty > Ty
> Teos > Tsip > Tspo, Shannon P ] FEFREL Ty > Ty >
Teos > Tsio = Tsjoo FH, AV XS0 H - 300 AE WU HE 7%

DRSS T3 1A — 2 RS2

x4 AERVRE H T IBEREY SHEES T
Table 4  Analysis of soil microbial diversity

in different age of gravel — sand mulched field

Simpson Shannon — Wiener Shannon
Jb 3 ZHEIREL SRR B WA

Treatment  Simpson diversity ~ Shannon — Wiener ~ Shannon evenness
index diversity index index

Ts 1.73 beBC 0.32 abAB 0.03 aA
Tss 1.62 aA 0.45 cdC 0.04 bC
Tsin 1.95 aA 0.11 dC 0.01 bC
Ts19 1.96 abAB 0.10 abcABC 0.01 abABC
Teos 1.81 ¢C 0.29 aA 0.02 aAB
Twi 0.02 dD 0.06 cdBC 0.00 bBC
Twe 0.06 dD 0.14 bedABC 0.01 abABC
Twi 0.10 dD 0.22 dC 0.02 bC
Twio 0.02 dD 0.07 cdC 0.01 bC
Tywos 0.11 dD 0.18 cdC 0.01 bC

AR NG F RS 78935 3R 1E P <0.05 il P <0.01
KV L2 BE
Note: different lowercase letters and capital letters indicate significent

difference at P <0.05 and P <0.01, respectively.
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WA 1 a R H IR G )2 T3 pH AR IEE] 9 L)
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Tne MARBAEZN 3 pH (58 35 A S B
IEAASE, FHERECN 0.790( P <0.01), 5 HHEF K
R IR UG, AR AN - 0.665(P <0.01),

OSGSML EIRDL

o P

1 6 12 19
# i A P Mulched year/a

5 S mIEA DG, AR R ECN 0.212(P <
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8 pH (Bt 2 B2 35 B (R A o, 49 pH (20 v
e W R 1 a ARS8 pH (E 45 & 2 K %
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8 pH A B 25 AF R A 3, SeREARE TR, X 0T fig
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1 REESER B ETECFERIER

Fig. 1

70 H A i IE 2 B TR A B 5 2 IR
20 em ZEAT I HHE BDTE RIEATR G 2, 2 4 1
FEAE I B 520, i 4 RS AN T RIE ARV E D A=
KA B Uit sl 2% it /D AR . )2 RHEK AR R AZ
Pesh, ki TR BB AR D, B IR 2R 2% 48 )2 ik
V2 S RUZ W 3 LT & AR R
S, RS H A R AR R E AR R
WAER A5 BARE K 50% ~ 80% , W iE 2 R R
BoEkz, 25 BRER 15% ~30%, K2R A
2 ARRBCE A BARE 5% ~20% , F5FUZ AR
RHCE /D, 2905 AR 0~ 10%7) . Bt 1
TR BE R 30, AR R B R R, B34 C fe N 1Y
i N

IR YUT A A A KRR R T, £

Compared with soil chemistry property in different mulched period of gravel — sand mulched field

e Rl B AR PR RS SR R B R LG (C/N) J& RAE +
A AE KRR CRRENA S N BRI B 24545,
MY BT 450 0 24 C/N=30: 1 I T 58
AR Z R IRRR S, 24 C/N<20: 1 i 36049
AR BRIE BRI, 24 C/N £E 25: 1 I xF 3 9
AR AR, WHEHER C/NiER 16.1:1, 54K
9121, HBIm e ik T 20: 1, Kbk, w0 HH - e 6 A= 4
MK FEZ IR RS . C/NTERRFEE 54
e B B IEAHOC  FHOC R BN 0.611( P <0.05) .
2.4 TEMEYHESHERFHXER

TS FTH AR ECR S SRR R UG,
T K A IEAR DG IR A E A2 S
TR R R EA G, AR RIS 5 A
BRI & i JOAH DG s 5 2R & i JoAH oM Sk A L
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Table 5 Relationship between gravel — sand mulched field soil microbe and environmental factors

e . AL - e - Eq]
B IR U R o SR SRS S G mm g A
Soil profile Soil microbe Moisture Total C Total N P Bacteria Fungi
year mycete
4% Bacteria -0.559"  0.711"" 0.598" 0.267 0.244 -0.669" * 1
N=PAN =1
{SHE;‘N)E K Fungi -0.607°  0.875" " 0.276 0.194 -0.275 -0.675""  0.712"" 1
FZEFE Actinomycete  0.785" * - 0.669 " * 0.323 0.121 0.417 0.728"* -0.104 -0.602" 1
2 Bacleria -0.861" " 0.822"" -0.290 -0.083 -0.070 -0.856" " 1
WRHEZ . . ‘
RDL HE T Fungi 0.573" -0.217 -0.486 -0.238 -0.235 0.185 -0.095 1
R Actinomycete  0.7447 * - 0.554" 0.106 0.222 -0.381 0.958" " -0.695°"  0.347 1
HTE Bacteria -0.636°  0.799"* 0.149 0.091 0.078 0.786" * 1
W2 e . . . ‘s
EL B Fungi -0.282 0.540 0.632 0.039 0.524 0.550 0.734 1
TR Actinomycete  0.7327 " = 0.203 0.281 -0.238 0.401 0.292 -0.117 -0.191 1
0TH Bacteria -0.685" " 1.000" " 0.150 0.354 -0.426 0.666" 1
1=
%CAZ‘LE H P Fungi -0.291 0.879* " -0.018 0.260 - 0.466 0.638" 0.879*" 1
LT Actinomycete  0.445  —0.093 0.588" 0.147 0.513 0.267 -0.093 -0.030 1

TR« il x x A3 FRIRAE 0.05 KF-F10.01 A E ARG

Note: * ,
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gaXP . — MM g, LIEEAA R4 S 1 R
FEAT I ARG 10 3 A M At e PR
W T RCRE AR A I 2 TR B A 0, SR R
W/, JiAh, ZRR AR AR R E R
AR T RA D EIBRR SR EZ.

I M A B 2 TR R I A LE D AR R 2
H 6~ 12 a WY H B 22, B 7 55 5 (B] (R 38
0 2 2 Ak, BB 3 T 08/ 5 i Ak TR R S S
2L AERDIR YN 6 ~ 12 a WRD HI v /b, BERD H 7S 5
B[R] A 3 T3 0 . DI R 1 a PR AR 0 HL A Ay
Bk, BT IEAN T SRR A A SRR M n R
AT 6~12 a FHRP I 19 ~ 25 a AYE RV H Z 6],

* % indicate significent correlation at 0.05 and 0.01 level, respectively.
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