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Evolution of soil morphology and properties after land—use change from paddy field to orchard farm

YANG Dong—wei'*, ZHANG Ming—kui”, ZHANG Peng—qi’, LIU Qian—qian?, LI Xue?, HUANG Xiao? LI Li-lin?

(1.College of Environment and Resources, Zhejiang University, Hangzhou 310058, China; 2.College of Tourism, Henan Normal University,

Xinxiang 453007, China; 3.Business College, Guangxi University, Nanning 530004, China )

Abstract: In recent years, land-use change from paddy field to economic forest has been very common in Southern China. To understand

the effects of such change on soil quality, we selected a series of soils of paddy fields and orchard farms, collected from different layers of the

soil profiles in Hangzhou City, Zhejiang Province, and compared morphology characteristics and properties of the paddy and orchard soils,

using a combination of field investigations and laboratory analyses. After reclamation for 20 years, compared with paddy fields the groundwa—
ter level of orchard farms had fallen by 20 cm; moreover, soil bulk density and the hardness of the plow layer had increased by 28.0% and

2.65 times, respectively. The brightness and chroma of the colors of the plow layer and plough pan soils had increased, whereas rust spots

were reduced. Soil pH had declined, and soil organic matter, total nitrogen, and alkali —hydrolysable nitrogen had decreased by 42.1%,

40.3%, and 37.4%, respectively, in plow layer. Although effective phosphorus and total potassium in the plow layer soils showed an increas—
ing trend, soil microbial biomass carbon and nitrogen were in contrast decreased by 76.5% and 52.1%, respectively. The ratio of aerobic

bacteria to anaerobic bacteria had increased by 97.0%, whereas that of gram—negative to gram—positive bacteria had decreased by 24.6%,

and changes in the soil microbial community structure had occurred. The results indicate that after the reclamation of paddy into orchard

farm, soil morphology and properties have undergone significant changes, and these have significant influences on the soil ecological envi-
ronment.

Keywords: paddy field; orchard; land use; soil morphology; phospholipid fatty acid (PLFA )
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Table 1 Basic information of soil profiles

HTE 5 Y S B AR ff a 7 A T
TIP, FHhieH 0 30°24'27" 119°56'24" K H TR
TJP, BRI 3 R e 8 30°2426" 119°56'23" i) %)
TJP, B BE R R e 20 30°2424" 119°56'18" i) )
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Table 2 Morphology characteristics of soil profiles in paddy fields and orchard farms

o R & . G AN
FI e e LA o TEHRREI % o
Tip, 0~17 HIHLR (10~30 mm Sy ) WK A,(2.5Y4/1) BREFBESL 30 2-5
17~30 etk (30~60 mm ) IR K #0.(2.5Y4/2) RRBBELL 28 2-5
30~65 Bk (50~110 mm 2 3) BEIKE(2.5Y5/2)  BARBESU 5% 15 1~4
65~85 etk (40~100 mm ) HAE(2.5Y5/3) BRER RS 5 15
85~140 PR (30~50 mm K ) FIREA(2.5Y6/1) BREBBEEL 30 2~5
TJP, 0~17 Btk (15~50 mm Hy3) I K (0.(2.5Y5/2) EREBBELL 5 1~3
17~30 KHAR(>50 mm Ky E) I IR ¥ £,(2.5Y5/2) BREFBELL 8 1~4
30~65 KHHLR(70~130 mm 2y 32) R E(2.5Y6/1) R PEB K A5 20 1~5
65~85 KPR (60~120 mm SH ) HEEE(2.5Y5/3) BRERBEEL 7 2~5
85~140 KPR (>50 mm Ky ) WA (2.5Y6/1) BREEBELL 5 1-3
TJP, 0~17 Hubk (20~50 mm ) HhE(2.5Y5/3) BRAFBEEL 0 —
17~30 FBER (560 mm ) M ,(2.5Y6/3) BREFBEAL 5 1~2
30~65 KR (80~140 mm 2y F2) JK#E0,(2.5Y6/2) BRERTES R 25 H% 40 3-8
65~85 KPR (70~130 mm 2y 32) e (2.5Y5/3) HARBEEL 6 2~5
85~140 KYR(>60 mm Sy F) FRAA(2.5Y6/1) EREBBELL 5 1~3
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]
ZE T AR R 7K 8 AR5 FE AT 20 42 el i L HEEE 2 (o) BUIRJZE (b) JERZE B (o) JEFUZ B () FUBLIE 2 (o) BELL R (AR X LB
K AR SRR (£) s 7K F AT 20 AR5 FE e SERUZ 1 ATARSL B R0 LB (o) 5
K (h) R B 8 45 (ORISR FE 20 48 (DIERUZ BB RELU R ZE L S0 L
These pictures from the left to the right are paddy filed, orchard farm 8 and 20 years old, plow layer(a) , plough pan(b),upper redox layer(c),

lower redox layer(d ), gleyic layer(e); iron and manganese membrane in plough pan of paddy filed(f); the comparation of root hole and color of

upper redox layer in paddy field and 20 years old orchard farm(g); the speckle and core of iron and manganese in upper redox layer(h i and j)

1 KEFMRETEHEEREERSEELL

Figure 1 Morphology characteristics of different layers of soil profiles in paddy fields and orchard farms

3 KHEFMRELEEARELER
Table 3 Soil physicochemical properties in paddy fields and orchard farms

T2 RHEERE fem ARGKE/% B E kg em®  FFE/grem” FLBREE /% pH AWy ke

TIP, 0~17 46.57 0.42 0.99 62.64 5.82 40.23
17~30 29.92 8.78 1.53 42.26 5.71 27.00

30~65 25.80 7.2 1.60 39.62 6.71 7.95

65~85 29.76 72 1.58 40.38 7.00 7.23

85~140 32.07 1.24 1.60 39.62 6.97 7.88

TJP, 0~17 28.48 3.11 1.25 52.83 5.63 30.63
17~30 29.25 9.40 1.58 40.38 5.45 21.01

30~65 27.86 16.12 1.61 39.25 6.66 793

65~85 28.67 13.04 1.64 38.11 6.79 6.82

85~140 29.19 1.37 1.61 39.25 6.76 7.23
TJP; 0~17 26.90 3.65 1.28 51.70 5.12 23.30
17~30 28.36 10.65 1.63 38.49 5.05 15.64

30~65 21.32 20.14 1.64 38.11 5.85 7.70

65~85 28.67 16.12 1.66 37.36 6.34 6.85

85~140 29.19 1.44 1.62 38.87 6.88 7.24
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Figure 2 X-ray diffraction spectrogram of the clay minerals of

subsurface soils in paddy fields and orchard farms

R4 KBHMRETRETRETFZHLITUELSE(%)

Table 4 The percentage of clay mineral of subsurface soils in
paddy and orchard soils(% )

T ] aief CiELES]
TIP, 5221 15.57 32.22
TIP, 54.24 15.86 29.90
TIP, 50.83 13.87 35.30

TE A YRR, AR TR L0, IR EAEN
Note: Quartz is the residue of original material ,not belong to clay min—

erals, so it is not be calculated.

26.7%. PURR 20 45 BHEZ AR R 58 pH (H
O3 R R 12.0%F0 11.6% o BEVEIZ + 358 75 1 FlIR S
S3 AN T 29.3%F0 7.69 1%, A8 5 R Rk E113.7%
1 72.4% . SCR T S, P FRUZ FIDE0E 2 4 49 2 A 1 o
AV AN B o

M2 5 a1, K IHECRE 8 4F e #HE)2 i 4
BRI A & 54 B R R 22.5% 0 31.7%, M b 20
ARG A TR 40.3%F0 37.4% BT A0 A ite P 1 in 2
F IR, R BE 20 4 HHMEZ L ek AR
A A B i A N T 1.35.15.62 5401 3.07 £
24 TEEYFMER

K SR 5, 30k A R R AR i R
I 5 LR 4 IR g S 7 B S AR ARG o /K P -3 P R
YAy AR YRR S A B 965.7 mg kg Al
71.2 mg-keg™', R B 8 A5 40 T RE T 47.3% Al
18.9% , gt ol 20 4F 545 FRE T 76.5%H1 52.1% .,
PLFA AEWbRic ik Ar 32 00, 7K R bl 5 #2148
A W Fh 2R AR L B AR D), T, PLFAs 35 5 & 452K
Ao R IR F R TR (R 6 3K T FIE 3) %)
3 g A ORI A L R MR B W
fig 5 e o3 br , 45 R HI (FR 6) AR Iy S 40 1 10 R 1iF
HEWTER 115:0 F1116:0 AYAHXT S AE R e 20 4R )5,
A3 AIBEIN 28.7% 1 45.1% , AR 3 PR A8 40 T A A g
iR 18:1w7c fY 4 Xt 5 2 A A XT3 & 40 0 BE AR T
81.8%F1 41.2% . 13 7 I, L3R DRV 4540
A= B AR K 3 P S AN A 5 D S R EAE
2.97, SR B 8 AR 20 AR5 L HLME A BN T 76.2%
F197.0% . FEK H -5 s 22 QB4 7 5 55 22 [ FH
PR LLAEA 0.557 , R 8 451 20 45 LB 4351
AR T 22.29%F1 24.6% . ILAL, SR 20 4E )5, ELE/
S TR IR R B 9 31 T B 34.5%F1 8.4%

3 1tig

31 BB REE SRR

KRR , ST HLIR F e A e f
B A5 75 e B 2 ARG 2 051 (58 FE IR
SR SCP 1 A1 2). AR BFE AL L

x5 KEHMREHERLIERS

Table 5 Soil nutrients in plow layer soils of paddy fields and orchard farms

s RERBWREem  2%H/gkg! AR A/mg kg eWflg-kgt  ARBEmg-kg'  f/g-kg HEUH/mg-ke
TIP, 0~17 2.53 1943 0.52 18.64 14.40 57.62
TJP, 0~17 1.96 132.8 0.98 162.8 12.78 176.7
TJP; 0~17 1.51 121.7 1.22 309.8 12.95 234.6
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Table 6 The content of soil microbial phospholipid fatty acid in plow layer of paddy fields and orchard farms

MR 3% min ek ey PLEAS T i fumol ¢ T
TIP, TIP, TIP, TIP, TIP, TIP,
i15.0 8.552~8.554 szl i} 16.90 6.53 6.75 7.14 7.82 9.20
i16:0 10.206~10.211 sl i} 6.76 3.23 3.04 2.86 3.87 4.15
18: lo7c 13.966~13.974 PR 16.08 3.53 2.93 6.80 422 4.00
18: 1o9c 13.879~13.885 HE 25.60 6.61 5.03 10.82 791 6.86
16:0 10Me 11.595~11.600 AL 19.52 5.18 521 8.25 6.20 7.11
18:0 14.370~14.373 PR AT 14.95 4.40 3.26 6.32 5.27 4.44
16:0 10.840~10.847 Fifs] 30.24 11.55 10.90 12.78 13.83 14.87
19:0 cyc w8e 15.966~15.976 Fifs] 22.13 6.85 6.60 9.36 8.20 9.00

R 7T HELTEPIEM TR EWLLE]

Table 7 The ratios of different microbes in plow layer soils

S K PLFAs/mmol-g”  FLR/ANE eIk ReSei k7 i) B et A5t e e A i 1 R S Y PR e
TIP, 236.55 0.200 0.203 0.020 0.557 2.97
TIP, 83.54 0.147 0.173 0.064 0433 5.25
TIP, 73.32 0.131 0.186 0.031 0.420 5.85

B OREUE IR LS e P . BRI SR,
A SR TARIRG X S HOK AR TR K
SRR AT OC o B SO e 41 IR A S Al e T8
TN BP0 R KAE T T R 3 5 07 ) 2
A4 R —E

AT K HBCR PG, B EE AR 1
pH B R [ (R 3), 24 LUT LA T 1 . 45
ML , A G 8, KA M Fe™ 45 25 1l
AL, X L8 AR R R BT (H) i 1 AR R
AL A RR AT AR P B it 2 s - SR 1k 5
A, AR el i e b e it 2 X B2 3 pH
(B A R MR TR T E] 28R, KRR KR pH (i
T AP 2 S AR VR o X 2 AR K R B A
Z I AR A el 3t AT 5 e BT el st D %E pH {EL
SR 47, AR AR RS A9 K T 3 pH {20
6.8; LI 4518 5 FARF-AE IS 20 H 4556 T oK HEAN
A rp L8 pH 22 Y A5IE—E KRR, i
T AR, SRR YR BT S0
bR, L ST LT A A 27 S A T o 39 ) T A L
J R 5 e b, OR Bl AR AR AR A 3 Y %
A, W TR A PR R RS £
SREAT BT 5 i A R AR s 5 | A e 8 2 e A i 2
R R (3R 5), 35528 BB A5 06 TK TH A5 - 45
AR 2R E R B A5 e — B SR EPRI DT 4S
SRR, 2K T R el I e T A BE A FH o 1, 3

R RN AL 5 W

K H S = A HLST K A & i1 AR T+
BRI AR, 2K FSCR P S - 38 i 2 2L
BRI R IR AR ) B S R 52, 1
BRUE A ERE . MY S PLFAs FIA[H]
FIEGAE Y PLFAs & RREAR (1] 3 F13k 6), LA 5 4
W3R 7)o MR 20 5)5 , B3R IR
Sk kA 2R T R A G TR
AN 5 R AT LN T 97.0% , J5 A s 5 A e
14 LG GG i (3% 7).
3.2 FKHB R E KRIAER R

K RS R IR 2= SR HE R 1 45— 2L R
GIFRIE (), A ERAUAGE AR A T2 R T A 280G
KRS P HE R R CO, A N0 28R = S AR
AL o 23K 1 m PR 42 o HLaR & i 2 R etk o 1
() 3485 RS & i 2 A%, B AF 5] 4 b R FH A8 b e
B CO, 2 5 43Kk CO, B 25% , FKERL
P55 S ARHE AR 17% , P -3 A B
SR B SRR, 2= Jik i S PIRIE 5 22 BH /K H
35 AR IR . = At = R O 5K AR KR A
SAFT B2 AT DRAAGA JFRAS 7K BT U FE )
TR AR AR R A 2, R Y A LR AR
b, Lh CO, IR B R, 3 T iR = AR
CO, HHEL -

FWFFE R, K R K5 22 138 (0~15 em)
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