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Early effect of soil aggregates on enzyme activities in a forest soil with simulated

N deposition elevation
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Abstract: Soil biota and enzyme activities would be impacted under elevated nitrogen deposition condition. However, the
relative stability of micro habitat within soil aggregates could also decrease or delay the response intensity of soil enzyme
activities. This study was conducted in a Schima superba plantation, which located in Dalingshan forest park, Dongguan

city, Guangdong, China in 2011.12—2012.11 by simulated nitrogen deposition treatments. Soil urease, invertase and acid
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phosphatase activities in surface homogenized soil (0—35 c¢m) , as well as in soil aggregates (0.25—1 mm, 1—2 mm, 2—5
mm, and 5—8 mm) were analyzed to study the impacts of soil aggregates on soil enzyme activities under elevated N
deposition. It showed that no significant effects of N deposition on soil urease and invertase activities were observed in the
surface homogenized soil, while the soil acid phosphatase activities were dramatically impacted by N deposition with
promotion in the low N deposition treatment (50 kg N hm™ a™') and inhibition in the high N deposition treatment (300 kg
N hm™ a™"). The urease activities in surface soil aggregates decreased with the increase of N deposition addition, and there
were significant differences of urease activity in surface soil aggregates between N300 treatment and NO treatment. With the
increase amount of N deposition, the invertase and acid phosphatase activities in soil aggregates decreased at first and then
increased. There were the lowest invertase and acid phosphatase activities in N100 treatment, 6.46%—25.53% and
42.33%—68.25% lower than that in other N deposition treatments, respectively. Almost all enzyme activities in soil
aggregates were higher than that in homogenized soils, and the activities increased at first and then decreased with the soil
aggregate size increase. In this study, the highest soil enzyme activities were found in the 2—5 mm size aggregates. No
significant differences of urease and acid phosphatase activities were observed among different soil aggregate sizes, while the
invertase activities in 2—35 mm aggregates were significantly higher than that in 5—8 mm aggregates. The relative enzyme
activity indexes in more than 85% soil aggregates were higher than 1, and the relative enzyme activity composite index were
all higher than 1. The results suggested that stimulated N deposition changed the soil enzyme activities both in homogenized
soils and aggregated soils; soil aggregates could protect the internal soil enzyme activities under N deposition addition to a

certain extent, which were related to the kinds of soil enzymes and soil aggregate sizes.

Key Words: nitrogen deposition; soil aggregate; enzyme activity; relative enzyme activity index; forest soil
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RAURAN BTG PEA AL S P WP AE A B R DR I 26 A TR S R ALl 2 5 AW 2k
B EAR SR MR TE S

1 #R57F*®

1.1 R g
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Table 1 Vegetation characteristics and soil properties before treatment

fb g MR FFAE Vegetable characteristics F3EPER Soil properties
Treament  HIE/ /bt PEWRm PR/ o) PEERE (ke 2/ (k)
Density Average DBH Average height SOC Total N

NO 633+248 19.7+1.1 12.2+0.5 3.84+0.02 26.03+3.13 1.57+0.20
N50 800+71 18.4+0.4 12.6+0.1 3.81+0.05 25.14+3.11 1.55+0.35
N100 833141 19.2+1.1 12.9+0.1 3.81+0.05 26.00+2.18 1.67+0.29
N200 933+108 19.8+1.2 12.2+0.3 3.85+0.05 26.03+0.37 1.62+0.08
N300 8331108 19.0+0.3 12.8+0.4 3.85+0.03 25.21+1.23 1.58+0.08

ZE T BE R S £ hR U %; DBH: diameter at breast height; SOC: soil organic carbon
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FA K ISR P 2 4 X AR T 9 1 2 Wit AR 0L RO, Wit SRUV TR oM 16 T, e RERE O 3G 2 i Y 7K
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2012 4F 12 H R S B2 R MEE RS AE TR Z (0—5 em) JFUR H38 ST HIAR I SE g0 s, X H 5K
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Table 2 Soil aggregate size distribution in N deposition treatments
A B A 4% Soil aggregate size/%
Kb Treatment i
5—8 mm 2—5 mm 1—2 mm 0.25—1 mm <0.25 mm

NO 35.83+10.99A a 18.09+2.71Ba 17.83+£1.98Ba 22.39+4.54ABa 5.87+2.28Ba

N50 32.08+10.77Aa 15.42+£0.50ABa 21.97+4.04ABa 24.05+4.83ABa 6.49+1.58Ba

N100 41.61£2.26Aa 16.44£1.05Ba 17.61+£0.63Ba 18.77£0.45Ba 5.58+0.99Ca

N200 37.19+2.47Aa 18.12+ 2.68Ba 18.06+1.56Ba 21.59+0.10Ba 5.04+2.18Ca

N300 27.05+8.91Aa 17.34£1.76ABa 21.20+3.57ABa 26.79+ 3.59Aa 7.61£1.06Ba

PR BRI A RN TREFRIR P < 0.05 KT Rl —HERAOR AR T ZUTRE S 0F PSR 201 B 28 5 B3 1, AR TR QS 7R3k
7R P < 0.05 KT IR — A DL R 1S3 A 9 22 5 25 1

2.2.2 AP R R A S

[7i] A A% - AT SR AR v | P SR A P DRI PR 1—2 mm K2 NS0 AR IRAL , oAk 2 ¥ 3 30 R A DTk Ab
FRAK T X B B MRIA 14.28%—21.93% , DL N300 Ab PRI AR (&1 2) (H A 4b 3R] 22 5 R 5k 1 2K, H e R 1A
DAY TRE IR TG T A R AR 38 3 30k N300 Ab 25 6 HEAH 224 | JFC Aty 20370 e Ak BRAE 1 % R L N100 Ak B8 F I (A
2) , FEIEIA 18.40%—31. 65% (A& AbHIl 22 e A B 2, HIEPI RN BRVERE RIS YETE 0.25—1 mm Rife
DL NS5O b PR (] 2) 3 e X0 BEFD N300 2R3 ( P<0.05) , KR AT R SXT M ES AR E, 1—
2 mm 2—5 mm I 5—8 mm 745 H RV 5l I AT M RO AR o A B X R E A B 25 55 (S DL N100 AbFE A f%
15, 23 A 5 BEAT N300 Ab Y 0.48—0.66 135411 0.38—0.61 5 (18 2) , H KT N300 4b3 ( P<0.05) ,

] — U T, - DA S A P IR TG PR N 100 AbFRAN , HA BT BRES LA 2—5 mm f5e i, B H Atk
TR 1%—17.83% fHA&RARR] 22 5 A 3 & A UTRAL B FEREBE TG M2 L 2—5 mm B K, 5—8 mm I}
I/, P [ AR IR I 8.97%—43. 99% , (A4 Fifea] 25 St AN i 25 . TR EBE R G 14 N100 1 N200 AbBEAE P 2R
RS RifRIn) 22 5 2, Hidh N100 Ab 3 2—5 mm BHE PR/, I T HAR AR 17.69%—55.92% , 5 0.25—1 mm
BB P 22 S 3% T N200 AR FEIN R BN 2—5 mm 3 T HM 3 AR BE R G 21.79%—31.15%
(El2),

& 3 AT AT S A AT SR AR AR Xk - 08 O it R P 6 e i 1) AN I 2 (L P ol PR 2 R DO o
FRM (P<0.05) | M7 A Rk AR e ma e/, F T RDUR R A - e A R ki A2 % 3 R A 28 S AR /N (P>
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Table 3 Effect of N deposition amount, soil aggregate size and its interaction on soil enzyme activities

IR i 0 TR A P Pl e s
I Factors Urease activity Invertase activity Acid phosphtase activity
F Sig F Sig F Sig
A VLM N deposition amount ( NDA) 1.428 0.242 1.615 0.189 3.329" 0.019
R AHI AL Aggregate size (AS) 0.407 0.749 1.493 0.231 0.802 0.500
RUTFE I < HRARRLAE NDAXAS 0.125 1.000 0.084 1.000 0.925 0.532

RUERFEAR 0 = 12, HIEEAREFEAS 0 = 15; = FR P< 0.05 K FE TR g

0.8 14 0.5
i HERETG LR
0.7 12 F
04
= 06 - @ a a
iy ab ab 10 - a a
E { a a
> 05 - ‘} b % ab b ‘P
3 9 8+ b @ 03 r a
5 04t
£ 6 1 ;
H % 03 L 02 +
5
= 4 +
& 02t
0.1 r
01 F 2r
0.0 0 0.0
NO N50  NI100 N200 N300 NO N50 NI100 N200 N300 NO N50 NI100 N200 N300
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B3 @RiNEEXRELTEE(0—S5 cm) FRME K IRES  EEEN B BB EEE A0 I
Fig.3 Effect of N deposition on soil urease, invertase and acid phosphatase activities in surface aggregated soil
BT AL X - SR T 1 (¥ S SR FH T A AR AR I B8O S B AR NS FBEROR P o< 0.05 7P R DT RE AL 3 1) - S il 1 1 22
SREM, 0 = 12, RBERRIRIRER

2.2.4 SR IR A S I M A0 52

V4 BT A TR Ak FRORH [RTAV AR 1 AT SRR I M P P ST (ELVE SR W, LU AN [RIR AR - 38 AT SRS A il 7
By 25, &4 aln, IR FRPERERRBES MEE L) 2—5 mm BRI A, 5—8 mm K2 ,0. 25—1 mm #ll
1—2 mm $5e/)y, (HE R AR (] 25 57 A58 B K-, 2 Pl AR A2 (0] A8 53 R BN 4.14%F01 5.74% , TRENEREE P LA
2—5 mm PifREe s, = H B RAR 4.10%—21.34% , | 5 5—8 mm AR B BTG £ 2 55 0 2 (P <0.05)

AN TDRE AR - 398 PR SR A P DR AR5 P 25 (25 8 TR A 14 (P<0.05) , B8 ik 20.649%—31.20% (& 4) , Bk
5—8 mm A, R4 A R P ERERE TG MR B TR A R (22 R 3 (R 4) S P SR A R o ol G
WEHERE TIRA 5 Hh 2—5 mm A1 5—8 mm RN - 8EEHGE SR G H3E2 7 BE (P <0.05) , 4 4
FIRA TR 5 32.87% 1 21.30% (1K1 4) .

2.3 A A X TS PR AL

FEXS TG PR 2 (REAL) W4 TR & - SIS 14 R AT SR AR B T6 P 0 — %5 1, M B SO0 o A 5 bt 4 48 [ 58 Ak &
P TG M AR R . 2 REAT> 1 6 B 398 P SR AR T B M AR VR, DB o VR P s, &1 5
M1, DR REAT 7 1.10—1.40 6], 28 5 2804 0.25—1 mm K (9.19%) , HLEE A RACK AN AR, HEwE
fiti REAI 7E 0.84—1.30 22 [i), A UCFEALFELL N300 403 REAT 5 i, A [44SR ] LA 2—5 mm BERH
REAI #:#5,5—8 mm HcfI%, PRYEBEEREF REAL 12 PRI AR A R IR N 22 530K, 1—2 mm ,2—5 mm 1 5—8 mm
H7E 5 R B 5K 32.65% ,47.61% K1 39.45% , 254 0.25—1 mm [ 5.18—7.56 15, AN[E AU T HI15EH R
TR VERE BRI REAT JERF%5 38, Herb N300 AbF REAT f5c55,N100 2B /N ([ 5)
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Fig.4 Effect of soil aggregates on soil urease, invertase and acid phosphatase activities
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Fig.5 Changes of relative enzyme activity index in soil aggregates with N deposition

FHXIEHELE G360 (REACT) FRAE T A [RIRLAR A BRARXS 3 Fivly i PECR AP i B AR 5CR . /DS T, 45 ki 4]
RARAN 3R REACT ¥R T 1, L N300 Zb¥ife K, FUR: NO AR N100 Zb ¥ A/, & Ride A R 1A 1) REACI
LRIR B F R RN 2—5 mm (21.11%) > 5—8 mm (19.54%) > 1—2 mm (12.49%) > 0.25—1 mm
(7.16%) .

254G 3 MY REAL & REACL, i 85%FF i 1Y 14 REAL KT 1, G hi i BRI b + 1€l REACT 1
KT 1, 2 I A R ARG M + BT — 2 B R e
2.4 TIERGTEPERZ I KR b

TRG T IRA IR e SRR P E AR S 5 13 SOC . DOC 1 SMBC 5 i) 2 B i 1 2 1EAH 56 | Hoh p
it )R G R B B KO (0.7, P<0.01) , H R FIRES SRR R (% 4) . 158 pH (H 5 3 Fhliiy 2
R SG , Lrf JBR RN A K 25 KO (P<0.05) Bl A 20 55 TR it /R I Me  1 Ig £ AH DGR B St {1 5 g il
W E A (P<0.05),
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*4 RERETEMARFHNEEES TEHREMNEXXRE
Table 4 Coefficients between soil enzyme activities and soil properties in homogenized soil and aggregated soil

LHERAZ/om pH SR Rk g WORL BAPLBR KVETERR BUEIER BUEE EEE

Soil size (H,0) EC Clay Slit Sand SOC DOC SMBC ~ SMBN NH}-N

o it 1 e BELHE  -0568* 0449  -0.334  -0.169 0.138  0.556* 0.578* 0.730"* -0.399  -0.556"
Urease activity 0.25—1 -0.110 0.133  -0.365 -0.221 0267 0311 0.368  0.731** 0.393  -0.359
1—2 -0.316 0.075  -0.364 -0.160 0.052  0.525° 0.404  0.546" 0.381  -0.493
2—5 -0.201 0211  -0.091 -0.158  0.154  0.285 0.250  0.383 0.070  -0.403
5—8 -0.179 0.158  -0.154 -0.150  0.123  0.230 0210 0.302 0.477  -0.403
NG I 1 BATHE  -0575* 0410 -0.382 -0.481  0.490  0.725** 0.797** 0.867** -0.113  -0.136
Invertase activity 0.25—1 -0.207 0.117  -0.243 -0.454 0454 0.510° 0.495  0.520* 0.085  -0.141
1—2 -0.349 0.180  -0.064 -0.356  0.293  0.517° 0.476  0.489 0.190  -0.395
2—5 -0.350 0.377  -0.288 —0.458  0.449  0.523*  0.457  0.423 0.267  -0.339
5—8 -0.403 0.428  -0.033 -0.094  0.091 0.547* 0.421  0.480 0.173  -0.267
T2 1A Wl I 4 RAE+THE  -0.380 0.412  -0.428 -0.401  0.423  0.568* 0.590* 0.683** -0.432  -0.131
Acid phosphatase 0.25—1 -0.159 0.178  -0.169 -0.476  0.461  0.434 0.340  0.468 0.305  -0.040
activity 1—2 -0.503 0.320  -0.364 -0.134  0.130  0.517* 0315  0.538" 0.322  -0.099
2—5 -0.310 0.443  -0.377 -0.238 0258  0.386 0.377  0.475 0.234  -0.023
5—8 -0.336 0.391  -0.088 -0.147  0.146  0.521* 0.356  0.425 0.156  -0.016

w0 % ok SMHIEIR P < 0.05 1 P < 0.01 KFETHEBZEM,; EC: electrical conductivity; SOC: soil organic carbon; DOC: dissolved organic

carbon; SMBC: soil microbial biomass carbon; SMBN: soil microbial biomass nitrogen

AR T A RR N EEEPE S SOC . DOC Fil SMBC A5 B 20K B2 IEAR G  (HAR G/ N TR A L1, 1R
N R TS 5 SOC TEAH G I3 M IREE R A 1—2 mm KR, IRYERS IR R A 1—2 mm Ml 5—8 mm 5
SOC B AHIE, DOC 5 HIRIKNEG G IEAH A2 . SMBC 5 0.25—1 mm F1 1—2 mm iR .0.25—1 mm
FEWERG X 1—2 mm FRPEBERREG D ARG, I RAK BTG 5 pH (H B SR AR AR R R G, 5
SMBN | HL 33 Wk EAH DG (HIARIE B 27K

3 iTFig

3.1 FUTREXS A SRS 1 (14 5 )

- BERIR T S— PRI , REAE A ML AT IR K g, B2 5 R A LA L, A LR TR
Xof - HENRBE PR A — S LS T, AR R, BT LIRS A R R E o 45 R R
FUTRFERT PR G P AT B S A R T AR 45 R R S TR i R 2 TR A 3 P IR B ARG
FIVEFAA R E (F 1), 5 Ajwa 2508 (OBF 385 R —50, XRS5 RAG PR o] BE iR, — ARSI 0 5 IX O FhAl
30a [ AT i A M , HAE S RGBT EAG 2 v, SV R TR (1a) A2 LAFTRE - 38 2 R G AR
AU N AEHE 3 N MR AR 48 pH (), 320 118 Fe AL ARERILESFOEPE T B0l i R UL
Xof - Sl A R s R — S A B R A DA ol A R T A MUK R ThRE N I, AR
W RZIR G b IR M5 5 NHG-N & 50 pH (A 1035 50R 5C, T 5 - SR Wy i i fid 3 TE AR OG
(F4) MERPIRIER . IR AR O + 38 SRS AR, 138 C/N bl (3R 1), RREe R TR AR
M SRS TTREAL T AU B = 1) BRI L AE [ BE B Aber 4 BRI U 4E B BE, Ak Ky ik — B BE R W i
R, EE TR S RGPPSR it it L R R g s/ N eSS R
SRR, FUN A S R

R S S AU ARSI RE  BE b AR W RIR AL S BB, RS 5 - S RAIE PR AR i — A
EERAY, RZIRE DRSS SOC MBC .DOC %544 HLAR I S 4 3 (P<0.01) IEAHG (£ 4) , iF—
HAESE T REREEGAE HIEA MLk BRG] (B SE R WoR RIS R 2R A +
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SR ARG R A R, X AR P LR A R X 22 A PR B ek R Y

TIERERREE S S T A MUBE IS Ak, LS M (R B e 1 S A HURE Y i A A SO A A R
P, Keeler %7 B 53R W, R ITFE RENS A 1F + B BR B A0 16 P, SR AR5 P IR A VLM 2 (50 kg N hm™
a ) X RIZIRA LI IR TR RR B A fE UEVE R, 1= A& (300 kg N hm™> ™) Z0ATMHIVE A, AR ZAC 2 i 2
TREALF(E ), AREE WAL R, SAVFEEREAG T, RASSESS L LMY
BV TG P AR T RE A | 90 R v 2 A B8 25 T BB T R MR B R TS R R R R RN Y AT
TR 2R A 1 N200 F1 N300 ZbHEAG3AH) C/N HE 43591 b He At Ak PR A 7.67%—56.46% Fil 50.75%—
119.06% , it B 2 R UTREHH S O3E T i I BETE A,

- 15 A R A O Il 905 A B 0 15 o i ARG (1T 3 ), v N300 Ak B I 2 IS X BT NSO A B 158 B
S 3 v R e B o) I A R AR IR B M, X R S ARG AE X R > 0.25 mm (Y 3K H R AR AT
Ko A IR R IR (Rt < 0.25 mm) FRG# R BT (KiAR< 0.05 mm) bb A 8P R A LA 01 K A Lb 3% 1
FURIE AR A BT K P RERSAR Je M B ANIE TGP R0, DRI, 0 R0 IT A s 9 K P 38 A o B I A 1 VL /U 0
A B AU B A S B 2 MRS R 2 A R AR R 053 v 3 PR R AR N e S R B i 5 R o
[ 20 M I 2 A FE B pR B RS IE I (r = 0.987, P<0.001) 358 P B A A M il 100 15 P e 162 0 1
B AUUESE I SRR 30, o N100 Ab 2 i 208 T X% BEFD N300 2R3 (1] 3) . X AT fig 5 A DT HE hn ek
AR - e AR P A= C/N EL, DA 52 1) [T SR 4 P Bl 2 0 BV AL O 5 I | RN I il R A il T
PR, TSR PERERR IS PEX BT B A BUER (R 3) o X 5 IR AR AW 04 A 20t DA K 1 45 1A
R NP A, 24 BRI A B A R AR Y DML S, o T 8 s A SR AR P e A v 3 i
BT AR BER TR, DT B - SRR M WL B 5 M . (H Y R DI B AR S, 138 N <P $id iy, LSRR I 8
PR IR A e S Ry R i P BRI VE T, - SRR A S v 0 20T 0 A P Tl I L ) I8 A e, A 6
B RO AR P (N 10O ) P SR A4 P = HE R 1 Wl R e AR A R 42
3.2 PR A G 1 (4 B )

P A9 DI - 3R DL R A SR AR AR AN — 350, - M it 0% P 7 1] R A e 1) 43 A R AIE 0 IF 5 45 SR A I A
], . ¥ R OCAEDY KB At - 0.25—2 mm K R A P IR EEE ME R, 0.053—0.25 mm - S Gl A R
H A, IR KA SR &8 F R FLBR 0 A A5 R T e 0 A KRS PR m 2 2R, BRA A0 7 3+ R
R IR A SR | R AR o A i 47 i - 4 A SR AR A T RIS, IR U TR AR TP P 2R 4
BRI TR 25 S R SRR 2R SRR A %) 2 0 A T b DX 7 R - v AN [ s A0 P 5 v - S G 1 A 25 5%,
AR WA 5T, 0 5—8 mm F SR A o JREWH il 16 M B 35 KT 2—5 mm , FLAVRLAR 4 498 AT SR AR P9 ik
fity | EWH B AR MR A TS MR I 22 R (B 4) o BT 0L, - R R AR AT SRR b oA AR A AR 4%, 1R
Jr o eSS Wy IR 2 A B A R T A A A T RS e L A LA T RS B R R 30a A fef A bR L
FZ B FRAR R AR AR HIE BURRR AL AR — 30, IR R BB E A 22 5, B2, H I
SRR PN FORTiEG R A T 0T el 2 S 1 350 20 B0y o A R A A2 34 R e 38 S5 e, b 2—5 mm PR IR IR K
(FE4) , U BH A 38R P R AR AR X B P AT VRS2, DR A S P SR (AR A2 /N 7K 43 R il ek 9 AP
TR A PSR AR Py 3 e 4T R I 2 ) 52 B A SRR T 5 7 - 9 P SR AR AR K A ) UK A AL A A X
21 SR AR SN R T 22 ) R P A4 R I DA TR 8 R S 5 () AT R AR AR R, AL L
PH B AR e PR > DRt 2 3 P SRR A 5 mm B, S 1T 5 32 SR A AL R0 ) T S 2 A
BTG PEREAR (K 4) .

S ARLAR - 58 T AT SR A vl I 0 A o I M s 1 Tl B 3 v TR S 8 R MR S = TR & 8 (A
4) o - SFEREAH R A BORF TR AN 9 B T RS TR A% P SR A - SRR 4 — % BE, RE T ULV A b S
A RARGEF X R VAR AR B 25 R, M 85% Y K AT SRR PN - SR AR XTI MR RS AR T 1,
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FRAE R AR N B TSR SR B0 R T 1B S5) o X R R IRAER AT B ) T — & i e, 5
A TR, T IEPTIRMC AR TR, A AL B S /N H 2, Ml D sl A 2 1 7K 23 IR 20 5 1t A
SR LA T AR LR W R R SRR A BIL 22 | AT Xk - 398 1A 2R P A AL S0 R A 4 5 5 ) PR
BRI 538, MR P SR 2 SR A AT SR AR R 5 A7 WIS 1) I 45 AR 2 RV T 24 S 0 1 T TS W I, G
Ho B 2 I UREAT HILAR 33 Ay PR SRR P AL 17 5 5 A A, AT s 3 AT SR P 6 e o T
RETHE(E 4) , 13 pH (E EC A LR E KA B R SF HE AR5 TR A S rp SR | et i 7O A1 e TR Pl 15
PERYARSCHES B 8 3 T 5 IR SRR ARG (3R 4) |, itk — 2D IR 52 - S P SR A S/ SE RN R B B X AT 5%
PRI BRI PR — E BRI

4 %t

JELIUT (1a) RSEADLEUTTL IR 0T 2 S 4R 5 e S T T 6 005 1 D5 ) S 2y (L S 385 R ) 1 TR M ) R T
P I SRR PN Rl P B AL S B I A, L v AR B (300 kg N hm ™ ™" ) 2R T0F IR AN
AL PE (50 kg N hm™ a™") 5 358 DA SR AR DAY TREME 6 7R 12 14l 22 Tt 05 1 49 30 300 A I 0T e 1 m ST g A1 344
I, EAEFE (100 kg N hm™ a™) WEPERAR, WEAT X IS AL BE . BR 5—8 mm 38 1A SR A PA TR MR 160
PESN , FEAVRIAR 1 VA SR A N R | TR M R A R M WA R T 135 1R 2 v T IR Lo TR LM 3 B EIS 1E 55 AT
BLos AT ALK S G E W AR W AR 28 TEAR G, 3 TS TR A A SC R . RS R3R I, 3
RS SR BAT PR O P VR (ORI RICR 32 AT R MAOR AR A - SR AR S S IR 3R R
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