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Effects of land-use change from paddy field to orchard farm on soil property shift

processes and their characteristics

YANG Dongwei, ZHANG Mingkui *
College of Environmental and Resource Sciences of Zhejiang University, Hangzhou 310058, China

Abstract; Studies of the effects of land-use change on soil physicochemical properties, microbial community structure and
other biological properties are important for understanding changes in soil quality in agricultural soils. A diverse soil
microbial community is an important measure of sustainable land use, and soil microbial community structure and diversity
are sensitive indicators of soil quality. In recent years, land-use change from paddy field to economic forest land has been
very common in the south of China. In order to recognize the effects of this land-use change on soil quality, a study was
conducted, in Zhejiang province, on paddy and orchard surface soil ( 0—15 cm ). Multivariate analyses including
phospholipid Fatty Acids ( PLFAs) were employed to determine the changes in soil environmental factors, microbial
community structure and their relationships after land-use change from paddy fields to orchard farms. Water-stable
aggregates ( >0.25 mm), pH, organic matter (OM) , base saturation ( BS), total nitrogen ( TN), Alkali-hydrolysable
nitrogen ( AHN) decreased after land-use change from paddy to orchard soils, and they had significant negative correlations
with orchard age (P<0.05). Enhancement of organic carbon mineralization and reductions in plant residues in the soil

caused the decline in soil organic matter content which resulted in a reduction in water-stable aggregates (>0.25 mm) and
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total nitrogen. The increase in nitrification also led to a reduction in alkali hydrolyisable nitrogen. The extensive application
of acidic fertilizer and enhancement of nitrification increased soil acidification ( caused by H"). Microbial biomass carbon
(MBC) , microbial quotient (qMB) and soil respiration (Resp) decreased, and had significant negative correlations with
orchard ages (P < 0.01). The changes in hiological properties could be due to decreased soil moisture, OM and other soil
characteristics. During the change from paddy field to orchard farm, soil microbial community structure changed: total
phospholipid fatty acids ( TPLFAs), PLFAs of bacteria, fungi, actinomycetes, protozoa, and specific microbial lipids
decreased. Possibly because of enhancement of soil aeration, the ratio of protozoa to bacteria slightly increased. The ratios of
Gram positive bacteria to Gram negative bacteria decreased significantly ( P<0.01). In contrast, aerobic bacteria to
anaerobic bacteria and methanotrophic bacteria to total bacterial ratios increased significantly (P < 0.01). The ratios of fatty
acids Iso to Anteiso and fatty acids cyclo to precurso increased significantly (P < 0.01), which implied that nutrient stress
on soil microorganisms enhanced. Redundancy analysis ( RDA) showed that the first 4 axes explained 95.6% of the
cumulative variation of soil microbial community structure, which indicated that the 11 kinds of soil environmental factors
were the main factors affecting the structure of the soil microbial community. Soil moisture, OM and AHN were the most
important environmental factors to determine the differences in soil microbial community structure between paddy and
orchard soils (P<0.01). The analysis also indicated that land-use change had a greater effect on soil microbial community
structure than orchard age. Our study concludes that after land-use change from paddy fields to orchard farms, soil
physicochemical and biological properties degraded, and thus soil quality decreased. In contrast, a diverse soil microbial
community was achieved and maintained in paddy soil systems, hence we predict that paddy fields are an effective way to

maintain soil sustainability.
Key Words: land use; soil properties; microbial community structure; phospholipid fatty acid; soil quality
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T SR R 2 T A ARG BB K SR K A SR e A 2 B Ak Rl A

- A 7 AR A SRR ) M T B o | B A R ZI A R T AR SR N A LAY R TS
By e () 0 558 Bl AT S (R e i EE AL, — S 3 X K AR Sy e A O 20U e
JREARALIEAT T 05T, % BUK B S 39 pH (8 A HLET e e /st R, 20 (42 70
SRR 80 4RI, BB N IR ( phospholipid fatty acid , PLFA ) 13 43 M AR T XL PR 9% 205 40 £ 2 b
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Table 1  Soil sample information

TR e S AR el 4 B + e FIHI 5 ki3
Sample number Sample type Orchard age/ a Soil type Land use Vegetation
S1,82 Kig+ 0 HHUEH JKH R
S3 el - 4 UL i T R S Bt
S4 S 11 6 SR R Ik 7 e eS| B
S5 bl 13458 11 WCRFE AT T R e E | Moty
S$6,S7,S8 e 13458 12 SR R TR e H Pl Bt
9,810,811 SRl 14 14 BORFE AT T R e g 3| 3]
S12 eI 435 15 SR R TR e H Pl Bt
S13 SR 14 16 BCRFE AT T R e e Moy
S14,815,816 el 13458 17 R A 7R e Pl Bt
S17 SRl 145 18 WCR FE AR T R g E | By
S18 Hep 1358 19 HCRFE AT T R e Hefl Bt
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ZHT(LSD ) ;2K Canoco 4.5 ZAA#ATTCA M1 )5 Origin 8.0 il €],

2 ERES

RAF A3 AT 2 T I M T, AR SCREXT SRR RS o A 2 M BT A BT SRR T SO A
BT 45 58 0 SR el 445 00 A R Bl 39 (S3—S11, <14a) AR b 3 (S12—S18, >14a) BAHr B, BRI 5
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W 2 FrR , K HSCRFE G B SR FE A R A 2R, 3R KT 0.25 mm B9 /KBS 0 1 1A SR AR 40 8 F
I el s A B T 58 (r=-0.69, P<0.01, n=18) ; +34 ML 5 BLICKEAR S /N g B4 hn it 3, 5 0 i 5
Wl 2 HAHIE (r=-0.69, P<0.01, n=18) ; 118 pH {HFNEL FLif F1E B FEAUE R, I 5 kg 2 & G (r
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SR ] 398 v 4 Bl i i o A SR ] A S %) S K 2 R o T e R A R IR R AR (R 2) I S R R
W B EAH R (r 43500 0.70 ,-0.72, P<0.01, n=18) ;K H AR + P LS BEESAHB(E2),5
Pel i AR B K (r=0.20, P >0.05, n=18) . PAFNFIF I XAHXT LE , A 2G5 53 9 28 AR5 B i, SR b +
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®2 TEBUMER(EARERE)
Table 2 Physicochemical properties of soil (mean+SD)
K AE B e A el 4
TiH (BB MER) (BHELPRER, <14 4F) (BHE=bRER, >14 4F)
Items Paddy soil Young Orchard Old Orchard

(mean+SD,n =2)

(mean+SD, <14a, n =9)

(mean+SD, >14a, n =7)

FHEE KR Moisture/ (%, T3E) 76.20+0.14a 31.42+4.04b 34.16+2.86b
>0.25 mm KEEPEFI R >0.25 mm aggres/% 72.44+2.59 57.20+8.31b 54.47+6.49b
I BS/% 51.86+0.69a 37.94+6.61b 37.11+6.37b
pH 4 5.66+0.23a 4.99+0.16b 4.89+0.30b
AU OM/ (g /kg) 38.76+3.05a 24.35+3.30b 26.22+2.68b
2% TN/ (g /kg) 2.3240.29a 1.61+0.30b 1.61+0.09h

Bf# A AHN/ (mg/kg) 176.06+25.86a
205 TP/ (g/kg, P)

i AP/ (mg/kg, P)

0.52+0.00b
17.86+1.10b
13.55+1.19a

115.77£19.54b
0.91+0.21a
151.96+89.09b

13.92+2.14a

123.22+8.55b
1.21+0.21a
311.78+71.07a

15.45+£2.32a

28 TK/ (g/kg™, K)
AHRHE AK/ (mg/kg, K)
Hiki Clay/%
>0.25 mm aggres:>0.25 mm /KEETEA R >0.25 mm water-stable aggregates; BS; $h 3£ fI B Base saturations; OM ;43 /L Organic matter;
TN 4% Total nitrogen; AHN: i f#ft & Alkali-hydrolysable nitrogen; TP: 4= Total phosphorus; AP 45 X #§ Available phosphorus; TK: 4= #f Total
potassium ; AK ; A ZLHH Available potassium. [W]—f7 A [ FHFRZEF BE (P<0.05)

48.88+12.36b 164.35+50.25a 226.69+47.46a

22.92+0.17a 23.19+0.38a 23.49+0.36a

2.2 IR A Y R A SR B

AR R S, S W A ek SRR T I i S i o R el A B ) S K TSR R, 5 T
AR B DG (B L AL 2) , e A, A RN 5 B 5 b S A W AR W R S AR S IE ARG (r=0.81, P<
0.01, n=18) , Lk B2 528 A5 ST R RUF 7 2R A 9 5 S A HE0p 5 B 25 S M i 45 18 S AR —
., KHEPRHEEYIRITE 4.1%—4.5% Z 18], R bl hIE I RITE 1.4%—3.7% Z 1], HAR Fifi 5 2R e 4 PR Y SE K
TR, 15 el i A 2 35 A 56 (r=-0.84, P < 0.01, n=18),

=4

(=3

N
1

o B YRR MBC
b w A A MBN

y=-0.018x +0.0436
R?=0.756%*

o g

[l S

K vy
———

y=-36.515x + 845.98

2 2
E s
g 80 R2=0.778** XE
5 3 B
FE 600 % 5003}
H S Pl E
®3 400 BE 002y
E g
g ¢ = 0.01
= 200 y=-22784x + 68.35 . %
R2=0.798** .
0 L] & N n . | | 0 5 10 15 20
0 5 10 15 20
b Orchard age/a
PE#% Orchard age/a bl 1% g

B2 TEMFEREESERIXER
Fig.2 Relationship between soil respiration rate and orchard age
* % RIR P<0.01

E1 TEMEMEVERESERNXR
Fig.1 Relationship between microbial biomass carbon ( MBC),
microbial biomass nitrogen (MBN) and orchard age
MBC ; 4 ¥4 ¥ &0 Microbial biomass carbon; MBN ; {4 #) 4= ¥ &

A Microbial biomass nitrogen; * * N P<0.01
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PRic . ARBESCR A PLFA ZEWIARIC TR S MK SR R 5 3R W) ZRE R E DR R 250 i 284k,
3 s, BOREE 5, 52 3 b oA ) 32 2808 3R W B K 43 e 5 A0 U e 5 DR 0 52 i), S A AR )
PLFAs & ik S FEAGEH IF 5 i AR & AR (r=-0.81, P<0.01, n=18) , 5{/EYAE Y ik 2 B 2%
IEMSE(r=0.90, P<0.01, n=18), [FIM, I AN B0 2k iy & s b ; B fE SR 9 b B b T
BB (1 3) o 22 PRI TR /8 2% G PHPE A 7 ( Gram negative bacteria/ Gram positive bacteria, G™/G*) 23
FEARAE S (E 4) I SIS SR & AR (r=-0.68, P<0.01, n=18) . BLAM, KRG+ AF i o7 460 5]
57 Fi PLFAs , Sl +852FE 5 Por- 54 8] 47 Fp PLEAs, UEBA/K B CR IR S , H8E62E Y PLFAs 280>, K
R FE 5, 52 -3l MR A P R 52, 13 VR S5 M A LR ARk, B T4 K 28U AR B W) A
LTI A M E Y Y B, 7K R 5 A sh i AR TR S v B R (B 3) 5 A A
7K H -3 rb B GE SEARBR o A0 TR LU B 208 3.0% , 78 22 e L3 P 3 n 2 4.6% , I HZ M3 15 el i 2 4% 1 35 1
FHK(r=0.74, P<0.01, n=18) ; I FME/ KA H ( Aerobic bacteria/ Anaerobic bacteria, Aerobic/Anaerobic)
RGN (P 4) IF5 P i AR B IEASC (r=0.62, P<0.01, n=18), 32t 30m TPEHE 3R 45 R B2, 78
IR T 3 P R A ST o A R L 290 14.6% , 758 R LS 51 12.3%

EAE BEE B gt W Ay O HE
K H i Z R

WENR NG iR PLFA
Phospholipid fatty acid /Mol%

=
3
2

& & ~3000 - A

B9 é N

=& 52000 \\

o e =

B2 21000 \ B B

= 2 2 Y

=5 N N N\
s 7K H Paddy fields PR Young orchards % @ Old orchards
(=]
=

3 kB FREFMZRELEDREMBEMEYR LG L EMEY BB
Fig.3 Associated proportions of microbial specific groups and amount of total phospholipid fatty acid and in paddy fields, young and

old orchards
PLFA ; B ESIIT2 Phospholipid fatty acid. iR254k R bREds | KA S EEF5 22 RN B % (P<0.01)

TEVURE T 25 22 [RBAPE B SR SE B PLFA % A0 S PR TN BE R 107 1R , PR 0He B P 5k i I 2 N i 44400 174
HAH (eyclo/precurso, Cy/Pre) 1] LA 48 78 i 2E 9 e ik (R FPRZE ) AR , FAEFE A B Cy /Pre
SRR E 4) I SRR R R IEAE(r=0.59, P<0.01, n=18), 5 PLFAs M5 B FAMHE(r = -
0.55, P<0.05, n=18) , 54k, A5 RM, H5RBR (1so fatty acids, Iso) FISC 5 SZHENE TR ( Anteiso fatty
acids, Anteiso) FL{H AJ PLRAE IR 43 g 12021 SRS Tso/ Anteiso BN (18 4) |, 5 FE S A% B & IEAHE (r=0.
68, P < 0.01,n=18),5 PLFA G 2B ERHK(r=-0.79, P < 0.01, n=18) , DL 255U, K H R
bel i , % 0 % U PR e 8, 55 1S S G o n sl b
2.4 TIERALTE S A AR B R AR G S b

PLZRAE - 3 5 A W b 26 (LA T8 BR 9 Fl) (9 PLFA 13K 55 R 7 40 B4 Sk 356 Bl 5098, W 0 4% o0 it
(Redundancy Analysis, RDA) 73k 3% 38L& 74 B PLFAs #1547 —4EHEF , 75 3] RDA —4EHE 7 K (K
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B4 KB FREMERETEPARLEBEMEYIEHERER & S EAHRT LG
Fig.4 Absolute abundance of microbial lipids and associated ratios in paddy fields, young and old orchards
PLFA . B ENE IR Phospholipid fatty acid; G* &% >% FGBAPELHTE Gram negative bacteria; G* : #52% FG FHPE AN B Gram positive bacteria ; Aerobic ; 14,
2T Aerobic bacteria; Anaerobic ; IR 4NTE Anaerobic bacteria; Cy : FRINFEAG IR cyclo; Pre : PR LR TR I RTAY) precurso; Iso: 572X BE B R
Iso fatty acid; Anteiso: ]2 5# S HEFR TR Anteiso fatty acids. TRZELFRIRIERE , R FHEFRR 2200 B3 (P<0.01)

5) . TEZYEHEF I b Z B sbE AR Z )34 2k, 3ROR B AT Z B SR B O RUOGC R | 75— DX oy P b 22 ] 5
B i 2 1 A, 10 I s 4 X5l A S 40 o i i 25 SR 2/ I AR A s R AR 5 W o 22 i) i 28 3R ) ol
FERE S AR 22 B 0 AR AL B RN FEAR h S A xR L . SRR T S HE T R = ) e A Ay (E sOA S R
Z B FA R A TR AT AR KIS, i 3k B4 07 0] 7 iz 2058 K 1 AR Ak 34

T AR S U E RIS SR 1 25 5, K BRI FE AN [R)AF BRAE AR 23 S AE o B A1 y FIE X R AR, AN
PIFA3 i AE A B A C XIRERAE | IRIA 5 X A0 F , 0 I e SR el i - Sl R Ak e A T B BEE AR A, AR T
K AR e AN () A R - HERE AR FE RDA HEF I iR a0 A U253 (T 5) Rk R T < 14a 38 (S3—S11, B IX.
) K20 R SR el 3 > 14 Bl bl 398 (S12—S18, oy X)) %43 g 3 SR bl 43 IR A X3 « By FIl A B .C
Ay R FEXT R (K ) B el 3 % Rl H IR A FNZ AR T Bl R ASBIEGY v SR AR IR A AN T R AE
NEIIR 181 w7c MR LI & (I FEAS TR 16:0( 10Me) 434 7E Group A X8 (&1 5) , ¢ B K 48 40 14 F1
TR R A0 )5 DA 3 B T 7R /K H DR AR IREE T AR A7 s R AE A sh W R A AR T 2 19 20.2 w6,9¢ 1 20:4 06,9,12,15¢
A ARTE Group B Hl Group C X3 (&l 5) , WA J5i AL Bl o8 38 B AE S el 3 A 47

RDA 3 Hras B R 5 —HEFR Sl B T REAS h 93.19% H978 5 45 —HEFP Bl B 7 REAR T 1.4% 19728 5 T
4 AHEF AL R T R MR EE SEATEE h 95.6% AR S (R 3) . WIS HEF S A B R -R B A OC R
BBk E] 0.97 LIE (3£ 3) , Ui HERUEYIX R S HEREE - 2 A AR 3O , 3SR 7 A 5
W) - SR D REIE S5 B B . S 4h, W3k 4 w58 —HEP Al S B3 SOK R KT 0.25 mm KRR e PEA
RAK FhEMORN B pH (H A HLET 2 R BA ZURA R AR 2 3 (P<0.05) Ui 25 (P < 0.01) #HOC, 55 —HF
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Fe 55 A WA RO S A 3 AR (P < 0.01)

0.8 @) O KA o x & Y

B - EIFET

JLA A Hiih2 RDA 2

Redundancy analysis (1.4%)

JUASI TR RDAL
Redundancy analysis (93.1%)

Bs LiEfAYBLEERERIER RDA HiFE
Fig.5 RDA biplots of soil microorganism PLFA
P B S S (CHESCR PR AR IRTE LR 1) s AR RIFHE PLFAs 0A7E A (B .C 3 N XIRN SR TTIE SUE M = AE R 18 A A R BCR b
ERRBEAR I AGTE o B Iy BASZ X N IR BB 2671 11 AN FREE R F FAT A 7k (LR BE R, RDA . JUAY M Redundancy analysis; PLFA : B 51
iR Phospholipid fatty acid;>0.25mm aggres: >0.25mm 7KFa P A K >0.25mm water-stable aggregates ; BS : $h 340 F1 B Base saturation; OM ; A
HLIT Organic matter; TN; 4 & Total nitrogen; AHN; % f# % Alkali-hydrolysable nitrogen; TP: 4= Total phosphorus; AP 2L B Available
phosphorus ; TK ; 4 Total potassium; AK; A ZL# Available potassium

R3I TRANER
Table 3 Summary of the results of RDA

iH Items Hh1 #h2 i3 Bh 4
Axis 1 Axis 2 Axis 3 Axis 4
FFIE{E Eigenvalues 0.931 0.014 0.007 0.004
Y -EABEAH 6 2B Species-environment correlations 0.989 0.972 0.854 0.821
Y B2RUE 43 FAE LR Cumulative percentage variance of species data 93.1 94.5 95.2 95.6
Py Fh-A8E BREUE 4> A LR Cumulative percentage variance of species-environment relation 96.6 98.1 98.8 99.2
x4 HEFMSNEETFHEXRBUER
Table 4 Correlative coefficient matrix of axes and environmental factors (n=18)
847 indexes fh 1 Axis 1 il 2 Axis 2 fh 3 Axis 3 il 4 Axis 4
+ 35K R Moisture 0.96"" 0.03 -0.07 -0.02
>0.25mm KEEMEF R >0.25 mm aggres 0.60"" 0.16 -0.15 0.04
HEEMHE BS 0.57* 0.13 0.18 -0.09
pH 0.70"" 0.20 0.16 -0.08
AP OM 0.84" -0.01 -0.20 0.03
2R TN 0.76** 0.20 -0.37 0.17
Bk . AHN 0.79** 0.06 -0.40 0.08
£k TP -0.54* -0.60** -0.13 -0.17
AR AP -0.47 -0.70"* 0.07 -0.13
24 TK -0.10 -0.29 -0.31 0.37
AR AK -0.61"" -0.43 -0.16 0.00
F8HRZH A Combination of indexes Moisture, >0.25 mm aggres, TP, AP TK

BS, pH, OM, TN, AHN, AK

>0.25mm aggres;>0.25mm IKFa MBI IR >0.25mm water-stable aggregates;BS;ﬁ'i%’f@%ﬂg Base saturation; OM ; £ f/LJiT Organic matler;TN;%

A Total nitrogen; AHN : B fi# % Alkali-hydrolysable nitrogen; TP ;4= Total phosphorus; AP : 4 Z(§ Available phosphorus; TK; 2=4f Total potassium;
AK . AR Available potassium; * P<0.05, = * P<0.01

http ; //www.ecologica.cn



11 4] WA A5 K SCR B 5 e 028 A K HRRAE 3833

3 e

3.1 K R A SRR AR 5 4 AR bl R A RRAE

UTAFESRE , AN BRI = bR FH i 5 RS A A 38R e 1) AR i 52 BT 567, 3R Ib 36 HILST 0 43t o
B R ISR BOTHAE (B IR A R LU S R ) | IR AL IR W i R A R R B A I MR A
AR B B (AR ) B AW (U SRR ) R3E i &0

K F SR, - 40 SR RS R = bR ) 58 2 AR, HG v = 498 K R 000 R S 2 ) 28 e ) 4 4
JEE A B M d R B AN KK AR BT O S, A A R A LR TR BE i, in 2z 2 A 3 Y
REYIFR R D | 51 A AUST & T R, I BE 055 5 B 2 S Pel BV A BR ) 2B A BT T P
RHE 9 AR SR 0 R L R AR LR B, A IR AL B A A /MR [ T, Rl A P
SR EE ) Tl D KRRk TR A D | SR AR 2 A S 4 B LR AR FRUG 0 5 A ML B AR
G 4 3 R AR, WA/ PG s il 2k D, e X S B P R R A RO A, KRR Ay
it P, 51 A - S 2 RN B0 2R 4 S HA S S A ( pR TR AR X B R AR R R DR i ok el 4
AR EEAS K, AR B E K)o S5 Ah, TR AU A R it T, P A T 44 i 25 D D (o R 1 3
i, ez, BT, K I SCREE S A R AR R AR, ) 49 A B & R T RS A
A AN FIF
3.2 K HH R SRR e R ) AR Al B R R AR

I YRR B S S ik A EIRCRIE I RE R 80, 5 A T K RS RR B R
), %+ HGR AL B BUEVE R K ORI R, 3 ok P KT A T B SR Y R 4K A B TR
ARV D , IR, Nz H B 050 A SR A, 350l 4 S oA W S A A2 B4, fl 2k P 88 v
U AR AR e Bl R R A P R AR, RAE AR R R P i) - SR s Bk 55 . AR5 v, RIS A
Yrit 5 B KR AP 2R A pH (23 EA X (r 43512 0.82.,0.83.0.86,0.82.,0.60,
P <001, n=18),

A MR AR (AU A% T R W A B LA AR R SR ) P 5 - SRR N R AN G
—J7 TH T - BRI A 2O BR S S ) SR A W A RV S A RN DB 5 53— T SRR A MR TR S5 A AT e
SxRENA - e A AR A WG PR ALt AR, DA I S ) - 498 5% 43 S I R 1 T S Nk . K ICH SR 5, A
SR AR KA ROLTE 5%, R HE P i W A K T 0 2 B8 IR T K A RRIE AR in 2 e 3
B84k A SR W 95 2540 2 A 878 . RDA 438 2 B Al 79 A Jh 1 40 b -3 055 4 56 28 588 6 3]
0.97 LA L, UhBH H AR X RS A T2 M C R AEH % V) (38 3) 7 4 ASHE P b AL A i e T 3E6
AR 25 AR R 95.6% WA S AR SCHY 11 Fp = 3E IR ST PR 7 1) el 28 2 5 | - S 0 A W IE V8 245 R i A 1Y)
FEJRH , HEREE R T S KR AL MR RS S —HE R (R T REAR R 93.1% AR ) IE T
e ffe /s Je FAAR R H R R LB, B S5 —HE P A DG M i ok, S 0 3 IE A G (P < 0.01) , IR 3
ol PRl -2 e K PRI SR Gl S VR 45 40 25 S W i L R 1, A, 3K 3 IR 1 W /K FRE AR R4 T 1)
(o DX BN W &, X B B AT 5K - UE DRI 06 R B 0, BIAE A DXl B0 - BB A ot K 4 ik
RMARMRBPERGR, >0.25 mm KFET A pH (A |4 ZUREE EL00 ANt e /K FREA T ) 4 0, {5 7 1) g
frmn s S 398 (B X I5) Jy a1 RS, 156 BH X DU R R85 PR 45 7K R SR Pl = 398 4 0 6 R AR D), X 5K
FE R SR ]+ 398 15 e 22 /KRG PR SR R T E (i ik - B8 Hp ok SOFAr , A R T B ISR A B AR 4 v 1
pH {EX U D TE I 3/ e S i R E MR I B o0 B KA Rt T 24 KRB E R IT R F
A, FEMBERE SR T (y A1 C X)) LRI, iR C X sk 0 1o A 9 o5 A TRl AT 22
TREENAESEP AR BRRERSIFE AN MEA S YITE RDA HEF B RR X B, R e AT 17E K
FE AN [] el % SR el v % A AR AEAS TR Rl AR 3 59 A0, 7K F R el 5 3R AR 3% 43 W38 19 Cy/Pre 1 Tso/ Anteiso
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SN, R T A MU AR S R AR AR B SR e B 35 . SRTAT, 6T A B C X0 AN [l il
PAEE XA R DGR AR A R AR SC DI BE T T b 75 2t — PR ABIESE

RDA 73812 B, 7K FH 5 R Bl A R B fr) SRR AR A R Py P AN ] XSO 4R I A2 IX 0 0T, S K T
HOR B 5 A M RE T A5 AR A T B AL K T S W RV T R E A [ B B 4 22 S T R 2
bl [R]— B B L S A Wi P A M AR AR o R BEAS [ B BEREAS SR A DX B Ly B B80T, T AT S5 7K T A
RREEIX o MRAHGLE , YA RIA 7 2O R A e v 2 A 8 52 ), 2R T [R]— A 5 AN [R) B AR B T X ok
IS S R, 3K 5 Xue 555G T AN AR T 5 AN AN [ 1) FH A BR O folc 22 90 4 % 235 440 0 2 W) 9 4512
gﬁ[l‘ﬂ .

4 %t

AT K SR EE S, 135 KR OKARE TR AR (>0.25 mm) (pH {E A HLT 2% A L
SRR W i i SR L SRR R 5 A T PR FE AR A ) 28 o B TSR el 4 IR ) S AT 25 R ARG, O 1R
SEMR AL, AT AR 25 BRI AR D80S , SRR E T [, DA T XoF - 898 ) 4 e A o AR m] R 52 A0 A 7 A AN A
A0

FFE RN, LR E YRR S5 AL 52 1 SEIA S DR 1~ 520 (] At xof - 48 - SRR IR 1 7 A E B
P PRI N 0 A S 5 S - I R v A A A A i) SR BN, JHE e e S 5 K R A LSRR A
PR K FRIRE Bl ol A e Vs 45 A0 22 53 R i T B2 TN, B AOR Pel A PRI E | IR E IR S A 2 T B
Btk AR RR A 7 305 () — 7 3O R B AR BRAT LU, S fRlc A Wy b s 45 A X6 i A i 7 e 56
RO BEl i, SRR A W WA R 0T R e R I Dl | (R AR W AR v A M e A R SR I g i DRI Sk
SR A i a A A PP L R PR e S AT R S M B — R AT R0k . S5 2RERIT K I rh 86l
R B RSB SN 2 6, NI, K T (M) T R A ) — M A 05 5K

B8 : 9% [E] 9% 056 4 ( Rothamsted Research) Philip C. Brookes #5431 22 SCH 2L | R b 208
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