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Characteristics of nitrogen and phosphorus loss in surface runoff under the rice—crawfish rotation system in
the Jianghan Plain, China

CHEN Ling'?, FAN Xianpeng”, HUANG Min', LIU Dongbi’, WU Maoqian®, XIA Ying’, ZHANG Fulin’, ZHANG Zhiyi*, NI Chengfan®,
CHENG Zizhen®

(1.School of Resources and Environment, Wuhan University of Technology, Wuhan 430064, China;2. Institute of Plant Protection and Soil
Fertilizer, Hubei Academy of Agricultural Sciences, National Station for Qianjiang Agro—Environment, Hubei Engineering Research Center
for Agricultural Non—point Source Pollution Control, Wuhan 430064, China)

Abstract: To promote the sustainable development of rice—crawfish integrated ecological planting and rearing systems, the characteristics
of farmland surface runoff loss in a typical rice—crawfish rotation system were clarified in the Jianghan Plain. From September 2018 to
September 2021, a typical rice—crawfish rotation plot was selected for in situ monitoring to study the surface runoff. The results showed that
the annual runoff frequency was 10 times, the yield was (1 270+287) mm, and the yield coefficient was 44.7%. The annual total nitrogen

loss was (24.59+4.70) kg+hm™, of which 50.8% and 49.2% loss was in the crawfish and rice seasons, respectively. The average annual loss
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of total phosphorus was (3.28+1.03) kg-hm™, of which the crawfish and rice seasons accounted for 46.3% and 53.7%, respectively. The

nitrogen loss was mainly as soluble total nitrogen (77.4%), including nitrate nitrogen (44.5%) and ammonium nitrogen (34.8%).
Phosphorus loss was primarily as soluble phosphorus (54.8% ). The average concentration of total nitrogen and total phosphorus was (1.88+
2.10) mg-L" and (0.25+0.14) mg- L™, respectively. The total nitrogen concentration in the crawfish season was stable but fluctuated
considerably and peaked after fertilization in the rice season. Total phosphorus fluctuated only slightly after crawfish feeding and
fertilization in the rice season but had no obvious peak value. In the rice-crawfish system, the form of nitrogen and phosphorus loss in
surface runoff, the concentration of nitrogen and phosphorus in runoff, and the concentration of nitrogen and phosphorus in surface water
were affected by the surface water layer and inputs. The crawfish season and the rice season showed different performances, and the
average concentrations of nitrogen and phosphorus were higher than the class Il standard limit of the Environmental Quality Standards for
Surface Water (GB 3838—2002). The risk periods of nitrogen and phosphorus loss in the rice—crawfish rotation system were identified as

drainage at the end of the crawfish season, drainage at the mature stage of the rice season, and coupling stage within one week after heavy

rainfall and fertilization.

Keywords : rice—crawfish rotation system; surface runoff; nitrogen loss; phosphorus loss; Jianghan Plain
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Figure 1 Location of monitoring area and schematic diagram of monitoring field
F1 EMIENEHEEREIREIDR
Table 1 Record form of main farming operations in the field
iRz FE AL 55 14E 55 24F 5534
Farming season Main farming stage First year Second year Third year
LS IRAF A G 2018-09-19 2019-09-21 2020-10-13
WA K, AL SRR 2018-10-08 2019-10-03 2020-10-31
TR ON 2019-03-06—05-18 2020-02-25—05-15 2021-02-18—05-31
K, IR R 2019-06-05 2020-06-03 2021-06-05
PR IR AR 2019-06-07 2020-06-05 2021-06-07
B — Ut e 2019-06-22 2020-06-15 2021-06-05
5 Wt IE — 2020-06-26 2021-06-28
IKAF WA 2019-09-20 2020-10-12 2021-09-26
1.3 HEmERESKRNAZE 1.3.2 iy i
1.3.1 SRAFE 7 SR A8 A JKEEBE (TN o 35 B (DTN) 2R B i
AW FE R RETRE TR KRR | HE KA 1 K B FR B A8 Tk — 58 A1 43 6 BE VR A, i AR (NOS-N)
FE , BLARA I8 bR S RAE T 55 036 3. KBS e BRI A2, B 345 & (NHL-N ) 2R B W
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F2 MNEERERNRFSHEAE (kg hm™)

Table 2 Nutrients application rate in different year(kg+hm™)

g BRI R Crawfish fodder H A NE Compound fertilizer JRE Urea

Year N P N P20 K>0 N
2018—2019 4F ¥ 44.4 14.9 64.0 29.3 37.3 0
2019—2020 4F & 35.2 8.0 64.0 29.3 37.3 46.7
2020—2021 4EJiE 71.0 16.2 69.4 26.7 40.0 58.4

W P RN A 5 KR LB (TP) AT M BV (DTP) R
FH 2o R B AT — 40 i e ik i . BORLAS & (PN)
S TN FI DTN () 2E{E . AR HLA(DON) i DTN F1
NO:-N NH;-N [ 25(H . ki wE (PP) kTP F1 DTP ()
ZH.
1.3.3 IRk

(DA

TR VR ASE 2 FH B D J B 4005 ¢ FH TR 24 1.05 m,
JUPA= A i Ui, HEZK 33 o AR 4l B e K 4
HEAK—W i — IR AR U o

KA ¥ T HAI (h=1.05 m) , 4= HIHEAK «

Su +Ss ++/Si XSk
Q=" = X (hy = hig)

S=(187.1+4h) x (53.5+4h)

FRAHAETF H AT (1.05 m=h=0 m) , (X FEFEIEHEK «
(hyg +hr +4)X(hg = hg)

0, = 2 X 489.2 + 4 X
(hi—h 2 )%59.5

A,
1109‘00 X 0.001, hy > hye > 1.05m

R= (1)‘1 ;(%2 X 0.001, by > 1.05m > h
%9200 X 0.001, 1.05m > hyy >

A ROV, mm; Q JHEACATR , m*s b 2y ) 2
AIKAE RAERCIE , 29 0 FEX TR K AL, ms S

SR AKASE K b B 2K TR TR RR , m?; 187.1 F1 53.5 43 5l M A6
W FH 5 RS B 14 1 FN B8, m; 489.2 S MR K BE L m; 59.5
S H FR VAR R m 11 900 g B E L, m?,

(2 AR

PRI BN — BB R P, HH B2 I 5 AR R A
I R Y HUAEL

R

RC = P+l X 100%
KA RCH TR REL, % 3 P R FETN IR, mm; [ T R
H,mm,

(3) A Wk

A WK RITE AR

TL=0.001% Y (cix V:)/1.19

=
A TL A R L kg hm ™5 58 (AR I s 00l
BRI AR, mg - L5 ViR 5  IRAR i it m?5 1.19
i PR hm?,
1.3.4 Hdsabrg

K Excel 2016 #4784 4k P, >R H] Origin 2020
3
2 GHERESW
2.1 BREERE

3AFEIL R AR 29 AR, B8 1 AR ISR 2 4R 45 77 I 9
WA 3 11K (R 4) o 3AMERE N MR ZR 1™ i
WELA S 5.5 4 R RE R R B 52 4047

R3 REFERGIER

Table 3 Sampling methods and detection indexes

IKFE SRAE I ] ESE WIRFS WA T ik LoRlIE =R
Water sample  Sampling time Sampling method Preserving method  Detection index
WEE R 2018-09-19— FARFEFEE AT , T H E/F 9 sid sk BT i, JF R AR W 1 & th BT A3 1 RURAF SCE(TN) |l %

P B A (DTN) il
AR (NO-N) &
AR (NH;-N) B
W (TP) ATV
W (DTP) Hl pH

2021-09-26 7K, IRATJEHH Gy 500 mL KA

HEMEAKEE  2018-09-19— 3¢ 7% Bk Y T TE Ao ] 60 34 T 2, 8 G 300 1) A bk T Ab i 82 Z I (R0 F 8
2021-09-26  YO)IUEE, YR IBUKAE 1 000 mL BT AT /K REIR A 5 IR 15 500 mL KA

HEZKKEE  2018-09-19— G S AR U HEA 1], HEAK I B e HE K 11 ARiE 22 2k (AN /DT 8 IO BURE , 4
2021-09-26  WIBUKAE 1000 mL, $ BT A7 KFRIR A5, U 7y 500 mL /KA

I KEE  2020-10-13— 4310 dRE—K MK 7EEFZ AR R, 48 A 288 1 R BERHE )

2021-09-26

HELE10 dRAE A K ; ERE T B AL S 322 10 dREAE MK . Tl
2) 2 i BURE IR 21 P00 500 mLKAE
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VRETR Rt Y £ 4155 TH

Wo 3AMFEAET 3N (1 270+287) mm, MR Z
B P R (710+25) mm, 5 T RS 2 277 0
(560+307) mm, 5357 i RECH 44.7% , FHo iRy
38.8%, FH 224 55.3% MR =W AR FAE 2. A FR[a) IR
a2 RN, AR R R BN 4.35% AR ZE R
HEFER, RS RBEIE 67.0%, X FE 5 EFER
FEZEI T K CHEZKRAAE B B AN TR G
2.2 I RIERRN & B R IHE
2.2.1 fRHE WK R

IAMAE R W IN 25 R R B (3R 5) R R F /R AR Uk
FH TN 4F 437 2% 5 4 (24.59+4.70) kg-hm2, HlR 2
W N (12.49+2.50) kg-hm2, 5 24 1 50.8%,
R ZE 0 e B M (12.1024.41) kg - hm2, [ 2 4E 1)
49.2%. TP J 74 (3.28+1.03) kg hm?, Hrp
R 2 9 2k B o (1.52+0.50) kg - hm™, (5 4 4 1Y
46.3% , FEZ= N Je i M (1.76+1.21) kg-hm?, 54 4FJF
1)53.7%.

2019—2020 4 Ji£ 2 . 0l It % o 5 A P 4> 4 B
i 5, DAL R 92 A 8 R e R B o KT FLAE v, BT DL S 3
FEZE AL B R B B S N . AR AR RS R 2
BB R T 7 LR AN ] 3 Y AR Y R REAE A

FH (i) it (4% £ A HEHE) SR ARG . P34k L IF
FEWI R R B R A 22 N
222 RHEZA R RIES

3ANAE B W I 25 R L B (1 2) « AR IF F R AR U
WK LADIN N, 5 77.4%, Horb NO-N (5 44.5%,
NH;-N (5 34.8%; # ZHERC LA DTP R 3, /5 54.8%, PP
1 45.2%.

R 2B RN 2 A R ik AR R LA DTN &, {H
I o5 H AR , 02 H 69.8% , i AE 2= i 85.3%. [+
B, 2R g 2% DTN B 21 %t A R R B A ] - B 2 LA
NO;-N Jy F(60.7%) , HK j& DON(28.3%) , il NHi-N
B R (11.0%) s 520 2L NHE-N Ry 32(55.0%) , H
K& NO:-N(30.8%) ,DON £/ (14.2%) .

R 2 g FZLIDTP R &, 5 ubim s i
) 62.2% , PP [ 37.8%. i Z=0 47 AN 6], DTP 1 PP
TAHEAH Y, 25 7 48.4% F151.6% .

RMBERRTE A FEEZIF W FENK S8
PE A LA PR R RE 0 o 2R P T R
— R WKJZ , ELAE DR O 5 2 B oK, S5 850
bR T4 Y NHG-N R 5 FUR e f A/
AL R L, R A LA NOS-N D . A

F4 LN FREIMVREEXRREERE

Table 4 Runoff characteristics of rice—crawfish rotation system in Jianghan Plain

I AR PR IREL (eSS R TR RTE Y1
Year Farming season Runoff time Runoff volume/mm  Precipitation/mm Irrigation volume/mm  Runoff coefficient/%
2018—2019 R 7 5 704 460 1286 40.4
R (eSS 4 364 129 634 47.7
Jil4E 9 1068 589 1920 42.6
2019—2020 s 5 682 418 1895 29.5
R eSS 4 994 1094 389 67.1
JR4E 9 1676 1512 2284 44.2
2020—2021 IR Zs 4 743 523 909 52.0
I (S 7 324 295 500 40.7
JH4E 11 1067 818 1432 47.9
B L= 5 71025 467+43 136325 38.849.2
(RS 5 560+307 506+421 508+307 55.3+11.1
JHl4E 10 1270287 973+392 18712287 44.7+2.3

x5 IINFREIREENXE BERAE (kg-hm™)

Table 5 Nitrogen and phosphorus loss in rice—crawfish rotation system in Jianghan Plain (kg-hm™)

IERE TN TP

Year HFZE Crawfish season 25 Rice season 41t Total W2 Crawfish season T2 Rice season 41t Total
2018—2019 4 i 9.21 10.77 19.98 1.13 1.07 2.20
2019—2020 4 & 12.99 18.04 31.03 1.19 3.47 4.66
2020—2021 4EJi 15.26 7.49 22.75 2.22 0.74 2.96

A 12.49+2.50 12.10+4.41 24.59+4.70 1.52+0.50 1.76+1.21 3.28+1.03

1% WHART]
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B PN [ONO;-N [ONH;-N  [DON Oprp Opp
% 26.2 46.9 122 i 48.4 51.6
Rice season Rice season
LS LIS
Crawfish season e 77 19.7 Crawfish season 62.2 378
IAE \
il 34.4 27.0 16.0 24 54.8 452
Total year Total year
0 20 20 60 80 100 0 20 10 60 80 100

ANFETE A B EL B The proportion of

different nitrogen forms to total nitrogen/%

DTN 8 0] 3 R A NOS-N F8 A A L ; NHI-N F8 4480 DON #8571

AN RS A8 5 BB FL ] The proportion of
different phosphorus forms to total phosphorus/%

VEPEA LA DTP R o7 i i s PP A4S ok S . R A

DTN is dissolved total nitrogen ; NO5—N is nitrate nitrogen ; NH:=N is ammonium nitrogen ; DON is dissolved organic nitrogen ; DTP is

dissolved total phosphorus ; PP is particle phosphorus. The same below
2 FBIRIERERRAZEER BiALL

Figure 2 Proportions of nitrogen and phosphorus in runoff loss of rice—crawfish rotation system

75 it JE 15 Y TREZK K )28 it B I 1) — BB (] Y, 32 B
S0 R AR AR, R I /R i R B B A5 DA NHG-N
2.3 BMRIEREAXKHERR BHRE
2.3.1 R HGRA R UL RHE
3B W 25 SR (3R 6)  FER AR VEAR =k
FRI TN JNAF- 259 B 4 (1.88+2.10) mg- L™, DTN &
JE A (1.45+1.89) mg- L', NO;—N ¥ & 4 (0.65+0.20)
mg- L, NH-N ¥ 4 (0.51+1.35) mg- L™, HAEBRIA]AZ
5N, FEZEAR AR TN DTN, JUH R NHI-N ¥
WIS TR A 2R TN VR B2 2 (2.01+2.76) mg- L7,
DTN ¥ J¥ 4 (1.72+2.52) mg- L™ \NH;-N ¥ & 4 (0.94+
1.72) mg- L™ 8RN N (1.17+0.56) mg+ L™ \DTN
WP R (1.2340.22) mg- L™ NHi-N ¥R 47 (0.14+0.08)

$F1E

mg- L. 2= NO;-N ¥ JE 4 (0.53£0.22) mg-L", i
& T HFZ19(0.7520.14) mg-L™',

A3 A ] —F b 55 2 N 4% U A8 i RUHR B AR Ak e R
(F3), IR R HAERSESREWREL IR, I
WS DA AR A U ROV B AR R AR, VA R U R
FERLAE S A B IR HEK T, R AR ARG IR AR 2R
TP BEIA A2 S AR T 4 BENE it 1S ) — B i
W, E RPN TN A NHI-N ¥ B 5, NOs—N ¥
AN HARIR P /N SRR B AT I | A G A
B S RERH B BT X AR FH A2 3 2R B 1) 5 i)
R,

2.3.2 R AR R W RHE

3N NI S5 SRR (R 7) AR AR VR AR Ak

FH A2 % TP ¥ 4 (0.25+0.14) mg- L™, DTP % &l

Fo IINFREHREERXKBARREARDESRRE (mg L)

Table 6 Different forms nitrogen concentrations in rice—crawfish rotation system in Jianghan Plain (mg-L™")

A Year K 7 Farming season TN DTN NO:-N NHi-N

2018—20194E L= 1.31+0.17 1.04+0.18 0.75+0.18 0.13+0.06
iR 221+2.14 1.8242.27 0.63+0.20 1.02+2.18

Ein 1.68+1.59 1.3621.63 0.71£0.20 0.49+1.57

2019—2020 4E i R 1.91+0.34 1.23+0.22 0.77+0.13 0.06+0.05
(S 1.82+1.95 1.61+1.13 0.46+0.08 0.97+1.06

RAF 1.85+1.38 1.46+0.83 0.59+0.19 0.60+0.90

2020—2021 4E i L2 2.08+0.67 1.42+0.10 0.72+0.06 0.21+0.08
(eSS 2.32+3.38 1.87+3.12 0.56+0.26 0.74+1.72

s 2.15+2.76 1.56+2.55 0.67+0.21 0.38+1.44

¥fH Iip 1.17+0.56 1.23+0.22 0.75+0.14 0.14+0.08

(S 2.01+2.76 1.7242.52 0.53+0.22 0.94+1.72

AR 1.88+2.10 1.45+1.89 0.65+0.20 0.51+1.35
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R®7 INEERBIREER K BRRT BN Z=1(0.21£0.09) mg- L' DTP ¥k B Fh 3% W5 2= 22 S 458
AR (mg- 1) /N, 539014 (0.14+0.06) mg- L7 #1(0.130.06) mg- L™
Table 7 Different forms phosphorus concentrations in . S o
PP JE 2 #(0.15+0.14) mg- L', B i & T UF 2=
(0.08+0.04) mg-L™",

rice—crawfish rotation system in Jianghan Plain(mg-1.")

ke ERE TP DTP PP PN
Year Farming season 53 Bt [] — b 5% 2% P9 4% IR A58 Tk ol ok R A28 4k (11 3)
201947 IR 0.16+0.04  0.08+0.02  0.08+0.03 A4, FG A AL IR B A B s TR
i 0.22+0.17  0.12£0.04  0.10<0.14 2.4 FEMMEREX EEKS BRE
A 4+ + +| S
o hp AR T M aa) WKL
iy =5 .17+0. .10+0. .07+0. - W Sl 2k .
i 0.35£0.13  0.15+0.02  0.20:0.15 2020—2021 4 2 H 1K 4 0 45 %%Eﬁ A
2e4E 0.28:0.15  0.13:0.06  0.15:0.14 17 7K TN DTN . NO5 =N il NHi—N -y B2 5353 Oy
2021 4R e 030003  0.21:0.04  0.09+0.03 (3.73+3.71) . (3.14£3.60) . (0.75+0.33) . (1.07+1.80)
% 0.230.15  0.15:0.07  0.08+0.09 mg - L7 BF 25 H i K TN DTN \NO3=N HI NH;-N *F- %
&% 028012 0.20:0.06 0.09£0.07 v B 43 31 R (1.85+0.67) . (1.46+0.42) . (0.76+0.16)
SNl ffé 0.21:0.09  0.13x0.06  0.08+0.04 (0.2120.14) mg- 1" f& 25 1 i /K TN . DTN .NO3-N
0.29+0.17  0.14+0.06  0.15:0.14 . .
o NHi-N ¥ 24350 4 (6.53£4.54) | (5.65+4.64) . (0.75+
ExCH 0.25+0.14  0.14x0.06  0.11x0.11

0.48) . (2.37+2.29) mg- L', A5 Z= H i /K H &Y TN,
(0.14+0.06) mg- L™, PP ¥ i 24 (0.11+0.11) mg- L™, DTN F1 NH;—-N ¥ & B &b = F0R 2%, 177 M6 2= 1) NOs-N
FAZAR AR TR TP W BE 4y (0.29£0.17) mg- L7, @ TR WREZHIEN.
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Figure 3 Characteristics of nitrogen and phosphorus concentrations in different forms in runoff under

rice—crawfish rotation system in Jianghan Plain
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Figure 4 Changes of nitrogen and phosphorus concentrations in surface water of rice—crawfish system at different periods in Jianghan Plain
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oo KRR AR HH K /U BE )/ INIE I Bl 2
TR 2
2.4.2 HTE/KBER WS L

2020—2021 4 B [y HH 17 7K W ) 25 2R R B - A R
AR W A K TP DTP F1 PP A S 2 4k B2 23 1)
(0.29+0.15) . (0.17£0.08) . (0.11x0.11) mg-L™', FFZ
FH 17 7K TP #¢ BE 4y (0.37+0.18) mg- L7, & T HF =AY
(0.23+0.09) mg-L™", i DTP ¥ & 22 B4 /N, FE 2l
(0.18+0.09) mg- L™, #FZ=4(0.17+0.08) mg-L™',

HEA MR T K v B AR A AR O L BT AR, R
13 ] i) A B RS | 2 B R il 57 4 40
o) i0b A LN NTET N SR 27 P A N U A G 3 S P
Fi 2, 2N K 48 PRAE A TG S R 52 e, FH T K o
Wl B — /NI i 3, AR T B S 0, HL AR
AR T

3 g

3.0 BRREEXKARRERE BRkE
FRER AR AER A A H R AR T A R R = S R 22
FoE R AE RS A R0 L, BR R RE AR B 7]
AT AR B A BB, R R R R R
BRI B Y (R S) o ARBFFEAY3 a Wl o, iR
R BRI R B4y A 9.21~15.26 . 1.13~2.22 kg
hm™, 5 2= AL WEAR U 2R 1 40 1] 7.49~18.04 ,0.74~
3.47 kg-hm™, FREAS [ ALK A [RIAAE A B
P WL 8, HKF B IL T SCER A, B T R
ZN KA DX AL AR T I R o, L A OB AR X

FRSF- 25 8 Wi i 2K B 4000 16.59.0.89 kg-hm™, &
TR S 2 T A W 45 TR PR R R BT O
54 11.49~17.68 ,1.23~1.60 kg-hm™,

TR 5 VR B 2 P i 48 0 A 2 i 5 R R A4
B Y IR e A B 225 ek TH
SR B S AE A rh AR AR AR A HHEOK AL B
M8 31.72.1.43 kg-hm™. R ER S8 58 T
e s S A 2 R 2 5 RIS ) 33 9 0 K 2R Ll I o
L A5 90099.6~10.7.2.0~2.5 kg-hm ™,

HH EL T 10 28 B () St R R AR MR RS AR 2R A Fh A
K EFEAR T K FRFE M A BEHEGE R BR AR %
SENOMIFSE T 3 ARt 5 5 A 5 =0T AL B S Y HE
T, 75 R B 36 IR AL FCIR IR TN HERCR B 5351
4 37.20.,181.00 kg hmF1 148.00 kg-hm™, TP HEH 3
FES350 4 7.78 .46.80 kg-hm™>F134.50 kg-hm™, L5 T
TR A0 A rh ol 2 () R0 BRI O it o
32 BMREEXR BREANKEHSZmEZR

A HH b FRAR A B R i AR T R AR BRI I
HR R A G BUARREARZR 5 R 5 X A A 552 5
TE) R FH SRR AT T A TR, 0 T B R o, (H
MM EE R AR AR ™ i R 5 (44.7% )15
F [l s X RS EAR K (34.79%)2, F 22 H FIFE—H
b F R KB AT, [ o FRUR i AR A T LA T /K M 4
IR K 5 1 e 28 1 T WU Fh RIS 3R i 5 22, HE K
AR R MR A AR R
RS VERR S — A4 W IR ke A IRV 1« R 2R 25 S g HE
IR ZRSIRTT A HEZK o ASBFFE M IN 45 SR B« IR

®8 REARMMK AREXEHE BRiEE

Table 8 Nitrogen and phosphorus loss fluxes in paddy fields of different planting systems in different regions of China

Fofot i J4 A I ] ERES B e BT Sk
Cropping system Location Time Nitrogen loss amount/(kg+hm™) Phosphorus loss amount/(kg-hm™)  Method Reference
GERAR AN W= 2019—2021 19.98~31.03 2.20~4.66 PPHbSIM AHIS
Fei-HFILAE WE—FR] M 2018 31.72 1.43 ARSI [14]
TE-Z5eAE T I, 2011 18.55~78.21 0.53~2.33 LAl [17]
I ) 9 45, 2012 21.31~54.84 0.25~0.83 LS| [17]
HZEFG W= 2015-05—2015-10 1.96~2.68 0.04~0.06 Y ARSI [18]
WdL-1TE  2019-05—2019-09 1.81~4.08 gyl [19]
BB 2019-05—2019-09 11.49~17.68 1.23~1.60 gyl [13]
LGS a K] 2013—2017 4.9~28.2 Yy FRAE TR [20]
FifE-ZE% 2019-06—2019-10 3.90~20.51 1.03~1.66 ARSI [21]
XER Fikesu il 2008—2010 14.0~42.9 0.24~0.56 HF ARSI [22]
AR -1 2008—2012 13.17~38.14 0.60~3.29 PFHhS [23-24]
IR T 2008—2012 8.66~24.05 0.69~2.44 PPHbIM  [23-24]
A -m 2008—2012 11.58~88.16 0.97~6.68 HPAhSEI [23-24]
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