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Effects of rotational tillage on soil physical properties and winter wheat root

growth on annual double cropping area

ZHU Feihua, WANG Yiquan ", SHI Zhonglin, ZHANG Runxia, RAN Yanling, WANG Yacheng
College of Resources and Environment, Northwest A&F University, Yangling 712100, China

Abstract; Rotary tillage is a very common practice in the Guanzhong area. However, many problems occur for winter wheat
fields with long-term rotary tillage, including poor soil water vapor transmission and low soil fertility, which are not
favorable to winter wheat growth. To solve these problems, a 4-year field experiment was carried out from 2009 to 2012 in
Yangling, Shaanxi Province of China, which is an annual double cropping area. The experiment compared three tillage
patterns; RT (rotary tillage for 4 years), PNT (a deep plowing followed by a non-tillage year alternation) and SNT (a
subsoiling year followed by a non-tillage year alternation). This study evaluated the impacts of the three tillage patterns on
soil bulk density, soil compaction across the 0—40 c¢m soil profile, and winter wheat root growth. Results showed that after
the summer maize harvest ( October, 2013) , the soil bulk density under the SNT and PNT treatments significantly (P <
0.05) decreased at 0—10 and 10—20 c¢m compared with the previous treatment, but the soil bulk density significantly
increased under the RT treatment at 10—20 cm, with no significant difference at 0—10 ¢m. The dynamic changes of soil
bulk density at 0—10 and 10—20 cm at different times were a measure of the ability of the soil to maintain structural

stability. During the whole growth period of the fourth season winter wheat, the variation coefficient of soil bulk density
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under the SNT and PNT treatments at 0—10 and 10—20 c¢m was lower than that under the RT treatment. The soil
compaction under the SNT and PNT treatments at 0—10 and 10—20 c¢m was also lower than that under the RT treatment.
The improved efficiency of the SNT and PNT treatments on soil physics was more evident at 10—20 cm during the late
growth period of winter wheat. There was a significant negative correlation between the soil compaction and soil water content
under the RT treatment at 0—10 and 10—20 cm, with correlation coefficients of —0.89 and —0.85, respectively, but there
was no significant correlation at these depths between the SNT and PNT treatments. This indicated that the soil structure in
the RT treatment was more sensitive to the change in environment than in the SNT and PNT treatments. Soil aggregates were
decomposed into smaller aggregates and particles during the frequent tillage, and this would be the main factor causing the
reduced porosity and poor soil structure performance. The SNT and PNT treatments were more effective in increasing root
weight density and root vigor of winter wheat in the 0—40 cm soil layer than the RT treatment. The results suggested that the
effects of the SNT and PNT treatments on soil physical properties and root development were better than those of the RT
treatment. After long-term rotary tillage, deep plowing and subsoiling alternated with non-tillage can improve soil physical

properties and increase crop yield.

Key Words: alternate tillage; bulk density; compaction; dynamic changes; root development
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FAYEy AL ST SRR A R

B N MR Z BT FE R, IS RIRE U 2 S B2 - R4l M AR 1 1 1 R A B T I, I A 11 R )=
EHERAES AR BRI R PERE R AR 0 A U B L R R RS A (R L
BUBTA AR, T i 7 RS Bk (EAERE 3 7 VR4 a1k AR B SN KA e B
AT T4 3R 2 0 HUBR &t N2 R R 1, MTIT e e i (AT K BB g R T 262 B 0 R
BT DA e i, (e R RRUE M R R R I, 38 LR FRBE ST, AR, A — 222 A O i s
DHE SRR ERAEB ER T A R T R R Y AR R E SRS R R S
BB TR SR B2 L S D A4t ) 5 P PSS o 300, FE2 - A o 2 A3 oL A SR R IR 2R | DA
PRAR 0 11 B — B VR R PP R (1 DT 107 BIG Dv b DXCRH2R P B — BB A 2, S0 2% - ™ T MR Ak
LHER R R STl AT LABRPG Ot A AR LR R IX AR PR A FH R R Sl 4 4R
458 S, 00T T B - S - BB Se Bk RSB -TRAA- S B S I 42 4 AR HERE 3 AP BRMER 0 22 1
PR SN2 /INAE AR AR A R A BRGS0, 15 R REAE 208 IR AN AR E I (5 IE 3t 7 A SRR X
S L IEAHF LA 1, Z XN P L PO B B R R S

1 #MREFE

1.1 5 XHES

ZHLIX IR 540 m, PRI K N 650 mm A4, HAFE NFEK A RCAY , E 24 TAE 7.8.9 =4 H 4FE%
KA FEITE 800 mm 24T AEHTRETE 11.0—14.0 °C, B 228 d,J& T2+ S min i 2 S IX & 4F LA T
SN TR A —H FORBE o5 , LR ARUN M+ ( R m 4 o L3 EHE AN 1, Earth-cumuli-orthic-
anthrosols ) , REFFLATHT (2009 4 10 A 2 H) il AT LR ILER 1,
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Table 1 Basic soil properties of experiment field

R KL AL kL B B AHLBT 2R AL bupyeal
D z?hd_/x Clay Silt Sand Bulk density ~ Compaction ~ Organic matter ~ Total N Available P Available K
e cm
P (g'kg) (g/'kg) (g'kg) (g/cm?) (Kpa) (g'kg) (g/kg)  (mg/kg) (mg/kg)
0~10 192.54 690.88 116.58 1.39+0.02 456+62 23.22 0.98 8.9 161
10~20 183.25 723.54 93.201 1.50+0.01 1436+155 14.16 0.89 7.6 152

1.2 Rt

TR eV G b il X A S IR AT 1 PRI AR ] B2 Ol & /N2 — B FOR B, —AFE 3, 76 2009 4F &
2012 4F T A/ NKBIR /N RS FF B 7 (10 om) 35 SHHE R TR A5 3K, 1078 & /N B Rl T 30 3
FRBEE LI AR W2 2, BEALIX A 31,3 IRER , /MR TEFL 300 m*(10 mx30 m) ,

*2 RWwigit
Table 2 Experimental design
& /NFE BARBEESE i Specific operation of winter wheat

Nz Qb

Code Treatments 2009 4 10 H 2010 4 10 H 2011 4F 10 H 2012 4E 10 H
October 2009 October 2010 October 2011 October 2012

RT AR 4 A TERE Tt JiERt JiEwt et

PNT BB - B B Hr Uik HE ok

SNT RIS -G E-TR A - T B R ok TR Gk

£ : RT—Rotary tillage for 4 years, HELE 4 ﬁzﬁ}%ﬁ:;PNTfDeep plowing followed by a non-tillage year alternation, FHF5 e Wb A B 84T ; SNT—
Subsoiling followed by a non-tillage year alternation, {5 T BERRAEAS AT, T H

1.3 H[EEH

RIS A ], B A R0 bR /N2 ZE B VE R SOR R A1, FLA A AR S 5 2 > AR ], BARBEE ik nF
OB EE , 7ERTE FRWOGR ZAEFF B BR G , R = He AL AT BIHE, R EE R 25 om, SR RFE A /N A2 .
QURFAL I, 2 /N AR E FORWOR KSR R bR, L SR AA LA T 0] B R AA B b, PR TR BE 30 em, F&
FETRIFE 40 em, SRIGHERN A/ @ F FLTERH AL 3H | 2 /N A2 AR #E BAREREFRUOGIR 5 , (i AL e Rk AL
AT, ERHREE R 5 em, @RBFALEE, FRFEFF &R 10 A P A B R A /N2 . &/N 2 R gk
2611, 8RN 120 kg/hm? . SR 2BF-14 173 £/ 2 AL (PG LR A7) 40515 2009 4 10 H
12 H 2010 4510 A 18 H 2011 45 10 H 14 H 2012 4 10 H 10 HHEFP, #FFEILIRE (N=46%) 600 kg/
hm? | S BERRES (P,05=12%) 750 kg/hm® , IF-455 ZHEMIRER 150 kg/hm® | FREF R Z B 571,
1.4 BRIk
1.4.1 A -8 dE Ao

A3 BITE SIS AL FRET (2009.10.2) 55 4 AEA/NE FEAF B (3EFP 2012.10.10 11 2012.11.15 4 2013.
1.15 3R 2013.2.15 #4717 2013.3.15 Jlifd 2013.4.15 FF4E 2013.5.15 J# 3K 2013.5.30 %24 2013.6.15) I 55 4
5 FORWPORSG (2013.10.9) , FERFAE/NX e S TEAT I T 5 AL, B 2050 5 FH PR J17E R B 0—10 em FiI
10—20 cm 2 >+ 200 S AR + 4T
1.4.2 T HERSIE 5 &K S E R

TESF 4 4R/ NE FEAE T W GREFD B 3500 B JFAE 8 18], 7R AR/ N X R S TR AT T
A1, SC-900 7 4 8 XS B IR 2.5 em (W (] FE LA E 0—20 em 5 B AY 3RS0, IFH L4 R
0—10 em 10—20 cm )2 8, LU E A B 20) 38 1 5 7k B
1.4.3 MEHE SRRGE I E

Ay IR 4 A4/ NFEIR T (2013.2.15) 4K (2013.3.15) JFAERH (2013.5.15) FIALEU (2013.6.15)
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Eild 35 %

JEA AN - 2B AR R T

MR A2 B B R OB 2 A 35 50 AR ARAE R 42, AR 2R B A R BUEAR 10 em , TR 20 em 14
HRENI/NER R G, A TIHBR/NER R AKCOEZS (8] 22 50k A/ NX S E 3 A mENEE, BN
FIREAS HZI03 58 1 B/ NEATINAE T 7, 56 2 B/ N ATIEAE g 5 3 iR AE 5 T BAR DI B —
i G 3 AE SR A RAVE A A — 22 MR R FE S SRFEREE R 40 em, 255328 0—20 em F1 20—40 cm
2 2 UIRR/INEMR R B, BRI R LR A 100 HA9Je e, FZKIR 3 0.5 h, 5843 ik It
FBRATG 7E 80 CAMF PR E , fEEEFA 0.5 h, HEFRE (g) , AR5 T AR FR 38 N 1Y) /NZZ AR
AT HERAEHE,

HRZR G 7 2 32 HAA G S AR AL A R B AR A | 32 R TTC S AR R 96E 71, BIA 1% 8 TTC i
AR R )5 O, 77 AN T K TTCH ; H 95% 9 H IS WV E A B O/ , $2 5 TTCH , 7E 485 nm Ab Lb 6, | 2 HR
OD fH, ShriEfidext 8 MR HRRIE I (ug "FW R,

1.5 HdlEontr
Y EHE R SPASS 18.0 #4751 % J7 22 (ANOVA) 43#r, 3 ORIGIN 8.0 1R,

2 HR55%H
2.1 AN[EIBHEAL BEXT 1 9 BEHIR A0 52 0 160 —

C k% ZZacT a
2.1.1  AN[EBHER T 1 58 25 5 A0 52 ) 155 - EEASNT PNT . 7}

ANTRIRE AR 6 it %o - S A2 A 25 B 9 5% M 45 oy W
(1), R BT HA FT (2009 4E 10 H 2 H) {1
0—10 cm ,10—20 cm HJZAFE 514 1.39 g/em’ 1.50
g/em’  Zad 4 FHPRFEFEHEAL B, B F R IR S (2013
410 H 9 H)PNT 1 SNT Zb ¥ + 54 ) 3% (P<
0.05) F#AI%,

0—10 em 1), SNT F1 PNT 4b 3 + 38 75 T 43 51| [
&3 1.32 1 1.31 g/em’, &R 2500 5.10% .6.18%;
10—20 em T JZATREARE] 1.42 1 1.41 g/om’, FEIE 2> , R
BSEL T 5.00%, .67, 1 KT IIEE 010 o J1 1 FNTAETL w0 m SARERROSL
10—20 cm Ab) IS E A YRLEIE R EH  HoPTE 10— depth under different tillage systems
20 em AbEL A B E K. 5 RT AbFE 4 AH I.,0—10 cm ;. RT—Rotary tillage for 4 years, i % 4 4F e #f; PN’l‘iDei]f
RESNT RPN ASHLERGETAAIRHIE T 740 o0fis. (0 e s T
26 %;10—20 cm + 2R T 8.13% 1 8.78% , 225 ks 5 B Ar 3 53047 . F )

RN E K (P<0.05) , {2 SNT 5 PNT [8] 22 34K &

Fo AL BERFAL ARG K 0—10,10—20 em HIEA TR FAE AN RETE — R L RERR NP2 145
R, E R HEE B TR,

2.1.2 AFHHERT AR AL

MRS 5 4 4B/ N A EFIEE , ARPHERI T 0—10 em ,10—20 em HIEAFHZ LK
TR —35, 359 2 B RN K e R TR AR I ([ 2) , X 5 T A B — e A,
A W RS [ BEVE A B A - e 25 T IR R TR],0—10 em )2, SNT 5 PNT Ah B -+ 18 75 F 498 g A X 55 /1N, —
FHN 1.25 F11.24 g/cm’ 3B K F] 1.32 F11.30 g/cm’, BKIE 53500 5.43% F1 5.40% , AbFE] 22 534 2% (P>O0.
05) ,RT AL B %) e 25 AR 3B AP I & /NT SNT A1 PNT bR {E M 7 S8 T 4 48 K, B/ 2 2o i s © 2%
BT PRSI 25 M 1.06 ¢/cm® B K F] 1.43 g/em®  HEIR K 35.35% , B 5 5 T A A HEAL B, 10—20

Ri: 300
Soil bulk density/(g/cm?)

10—20
+:J2 Depth/cm
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em )2 SNT Fl PNT Ab 3 () + 58 75 S 70 844 B B4R 7 S AR RUE /K, 38 kiR 23 3 R 7.32% il 7.
09% , 25 AN B RT BRI 3875 5 708 A= B A0 0 32 = T SNT Al PNT Ab3 P34 78 36 1.49 g/em’,
KRN 8.17%, Lh EA5HAT LA RT ACHL R, 8825 A AERE A 2 3 B 1A R)2 0—10 em A0 FHEK
- A E WSS R KO R HJEE R JZ 10—20 em Ab, HIEA H i KAE T IAF] 1.55 g/em’, [
B - 3 AR IR A,

. CT [CISNT [_JPNT
d d
14 0—10cm c d
. ab b b b b b b by
ad 4
b
12 F
&
Q
e
=~ 1.0
}Qﬂ =
® 5
HT 16 c ¢
= 10—20cm ¢ c
Ka)
)
wn

£ /NF A F W Whole growth period of winter wheat

2 FRERHE 0—10,10—20 cm TEFEMNEHEEL
Fig. 2 The dynamic changes of soil bulk density at 0—10, 10—20 cm depth in different time

2.1.3 REBHERCT 3B oAb

M3 LR S HHEALEE 10—20 em 122 B SEEEAE A FIHE 2 5 T 0—10 em )2 (p<0.05) .
MEINZ A EFWIRE ,0—10 em )2, 3 PO RIPEE AL B - 458 55 52 B 14 2 00 Wb 2 A 1G Ik 35 RT Ak g
WEIAF 224% , B35 7 T PNT F1 SNT ZbFH(Y) 72% 54% ,SNT F1 PNT ZbF[E] 2% %A B 2% 10—20 cm +)2,3 Fl
N TR A P 3 5 S o S 0 2 A B A4 RT . SNT 1 PNT Ab B A 5K M43 1555 57% 53%F 78% , 4%

#3 FEHEERXT 0—10,10—20 em HIEELEZHB T (Kpa)
Table 3 The dynamic change of soil compaction under four treatments in the 0—10, 10—20 cm soil profile ( Kpa)

2 /NF A F W Whole growth period of winter wheat

+I2 s : : :
Depth Treatments i th i it Tk s L
Sowing Seeding Jointing Heading Flowing Grain-filling Ripening
0—10 cm RT 145+53a 249+65h 343+72c¢ 367+49¢ 415+56¢d 470+38d 492+69d(a)
SNT 236+47a 268+75ab 298+48ab 332+69b 359+46h 396+53b 406+71b(a)
PNT 197+64a 248+47a 315+57h 364+49hc 395+37he 421+43¢ 427+56¢(a)
10—20 cm RT 1079+136a 1163+147a 1487+152b 1612+163¢ 1692+157¢ 1507+148b  1576+139bc(b)
SNT 784+189a 863+201ab 931+ 146ab 1145+193bc 1201+183¢ 1047+167bc  964+186b(a)
PNT 673+172a 721+169a 954+ 187h 1210+216¢ 1147+£197be 1108+158bc  1053+177bc(a)

T AT AR NG FRERR A /NE L I 22 5 R PE(P<0.05) , () INIY/ING T8R4 B IH] 1 22 5 W 35 PE ( P<0.05) , RT—IE 2% 4 4EJiE
B SNT—IRFA- Bk ; PNT— B S bF

http ; //www.ecologica.cn



6 S % 358

AR BRI 22 S AN W 2 T RT A B - 48 B S0 B A A B I &l 25 = T SNT R PNT Ab38!, SNT Fll PNT Ab #H 2
SRR, 3 FOBHEAL BEAE R A B I BB AR YR R 1445 991 1981 Kpa, A%, RT Ab#E 0—10 em + /2%
SEREANAE /N A A KT, A K P S I K, H 10—20 em "B SE BEAE AN A B Y4, 0 SNT F1 PNT Ab
PRAE/NAZ A E F XS 0—10 em ,10—20 em 1 J2 S 525 A4 itk 3%
2.1.4 AFEHHERA T BHEELE SRR

MK 3 & 4 8] LIF H RT PNT Fl SNT ZEFE ) 0—20 em 3 B 52 B A — & & /K o A0 10 ] P 24 Bl 25 7K
FIUR/NTTRE K, #E 0—10 em 10—20 em + )2, RT AbHHE 38 BB 5 &K 4 52 10 35 T 56 OC R 00 3
7@—0 886 .—0.854, 1fii PNT Fl1 SNT Ab 3 (1) #H A f2 3, A1 OC R B9 51 2 - 0.605 ., -0.622 Fil1-0.464 . -0.672,

XULHA T RT AbFE 0—20 em 38 ESCHE X5 /K B 1948 fb 3 SNT HT PNT Ab PR AgaR

600 CT 420 SNT 450 ¢ PNT

A
350 L 360 |
400 |

270
280 | *

TR
Soil compaction/kPa

200 ¢ y=982.090 - 33.821x y=716.301 - 18.749x y=2835.478 - 23.170x

R?=10.7856 u R?=0.3667 A el R?=0.2161 *
12 16 20 24 18 21 24 18 21 24

+JZ 47k & Water content/%

B3 AEHEEXT 0—10 cm TEESESSKENXER

Fig. 3 The relationship between soil compaction and moisture at 0—10 cm depth under different tillage systems

4 CT SNT PNT

1800 1200 F % 1200 }

1500 1000 -

1000 |-

800 - y= 2590 427 - 78.330x

2204524

RS
Soil compaction/kPa

1200 | ¥=2854.636 - 70.607x y= 1750 003 - 37.310x

2= —
R~ =10.7300 o i 800 |- R2=038761 )

L L L J 1 1 1 600 1 1 1 1
15 18 21 24 18 21 24 18 20 22 24
+ )24 7k & Water content/%

B4 AEHEERXT10—20cm HIEETIEESEKENXER

Fig. 4 The relationship between soil compaction and moisture at 10—20 cm depth under different tillage systems

2.2 AN[EBHEAR BT INZZE AR 2R A K 52 )
221 R[RIBHERTEO /N2 AR %% FE 1) 52 i)

T IEY RS BN RAE T2 VR AR R A&, NI 5 (a) FTLAE T, &R B /N R REE T AE
0—20 cm JEEN , H T ZR BB X THEIEDHC R AR, 3 P EL AR T HIHT 0—20 cm 1
20—40 cm FJEZMREHE 2R AR E R FYILUG ,0—40 cm £)2 SNT Fl PNT Zb#AR R 2348 T RT A4
P T SNT I PNT 4bH[a] 22 55 5.3

5 RT AbBAH L ,0—20 em +2)7 SNT Al PNT ZLBRAESR T 9] FHAE TN GBI AR 2R 3G 0 53 1) 35 3015.99% —
18.40% A1 19.88%—21.07% ;0—40 ¢m 1 /2 SNT FI PNT &b B34 5 73 51 4 180.00%—192.39% F11 150.01%—
243.96% ., W] SNT Fll PNT ZLFRREAE I A /N2 A B it fe b 5 IR R U HOE I 732 P i &R
w1 B T m A EY PR ERE
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CT [CISNT I PNT b
1000 -~ 360 N
REZE TGS
bb
o 300 -
\E 800 a a ‘E .
) b
E % % & 240 i a
BT 6001 L7 R i a
Fs ML S a,
= a Wk = =
-
B ;ﬁ & 180 | i
®E 400 | R2
<=5 <3
2 2
= g 120 |
Q
< <=
= 200 =
aa
a 60
0 Ly || | | || ||
(=3 =3 f=} (=3 (=3 (=3
I 11 I 1|1
B W e . B L W
Reviving Jointing Flowing Reviving Jointing

B 5 FAEMEEXATNEREFTEMRRENNIETE

Fig. 5 The dynamic changes of wheat root weight density and vigor under different tillage systems

2.2.2  REIFHERZS /N AR ZRTE 10500

/NFEHEE AR 3 FhAFVEAL BEAR 235 ) A ALK — B (B 5(b) ) , Y2 B A3 CTT B HT s i 3 4R
JE R, 0—20 em 2 ARFEBHEA IR RIE I SE T P2 R AL E  A7E 2040 cm HJEN
SNT A1 PNT &b BAE/NE FFAEIA AT Y50 F RT ZbFH 1 SNT A1 PNT AL B[R] 22 3R B2 B T /h 22 i A A
PEEAL PRIAIAE 220 ) 26 5 B i/ 1N, I AR B i 257K 7 R W] SNT R PNT T R B4 b 2 1 B A &4 k48 /& /)
ERG ], FHELE 20—40 em /NEEF R HIR R ZZABURIME.

3 e

3.1 RRIFERE T 1 R e 28 I 5 )

IR PP R IR AA R RERE PR e E 20 AR S I R IR BRERS it T 1 %%
AR AR BN St > Bed > Bk, M R — P 2 S 8 A5 M AR e P A A SR AR o B, i
PR 2212 RBFSE IS RS ERARL, SR RTAT L, 20t 4 AR RHHEA TS ,0—10,10—20 em HIERE
I BN S AEHERE ST 6 7> BB - Bk RAS- S HEAL BRI T R R A — RS it e e 4 K A &,
R ARG 75 5 RIS L L7 56 W 5 IA O 24 o 5 AT SRR (BIE ) W1 LA 8 38 IR I 3 2 o, AR R
25 Y B 5T e W — AR — AR+ RS AT 348 T Ak B B 06 A 250 1) AR - e 25 o, A0 ) 8 B AE 2 5 R R AN
], (H 251 A — 35, S BN B RS I AE B AL B R 98 2% 0—10,10—20 om HIEA T X 2l TRF4S
B BIBE A A 5 B A B BE TT LA A A 8, SO /D T R AL A B 4 1 T R A R ST, A A s
ghphytel
3.2 ARFHERST H AR ISk

ATLUE 3 R EANH T e I SR B Ml ARk, AR P 31 4 i, 25 AR 3l LS I B/ ME Z
W DRy - DTSRG R, MR A I 3] A R 1] A2 4 R Al A B R s ), IR E A BTN WA RE T i
PN WS 1) ] - ez e K, - RN AV A A5 - S 2 i R B B R Ao AR, BT A ) e R R
BT ARE B WA R R KM, PP L e R Rl 1 () sh SR A B — e R R LUl T RIS A R
PEPT BEHFALFE 0—10,10—20 om TS FAR T R B0 T PIR SR HL, BAEE A B R A R )2 0—
10 em b FHARAKN , AR E T B4R 5 5 AR UHDEAE R JZ 10—20 em &b, 15845 i K (H AT 36
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$)1.55 g/em®, XAE—EFLEE FRWIBEH AL BT 13X PRI AR Al A2 SE N AUk, LIRSS B e PR R4S A
AL HZE T T EARRERE, 2 112 B E P2, LSRR E M T R T AR S 3R 2 S S IR
LR,
3.3 ARBHERECR SRS R Sh 1L

RSB ST W], SR AT A TR AL 2R Y 39 X S 5y R R 2 R BN W, RS AL PRRE RS AT
BORARAS 2 R S > ARBFTEL R I, SeBh4s & BB AN IS HEAL B 10—20 om L3R S W]
INTIERFAL PR, R SORAE /N A AN T I AR RE A 21 B S A A 30 T e B Ak L ) ol s R Z AR BTE AR
PEFETY, BACRR 0—10 em +J2 X E BRIy B S  HERG A5 Ty RAL A 3¢, BEs (L RE i 3R 1 e
A I He% (BRI R EERE DX LU R IR U R R Y RS2 T S Bh s & BT TR e B A B R T
TAURSE BN T 3SR BSR T IE SRR AR S W i Sh R o (B2 AL
FERGI, AEREA A, SRR B e B
3.4 ARBHERCR LRI 5K C R
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