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Abstract: [ Objective ] To explore the effect of exogenous abscisic acid (ABA) on tobacco young seedlings under low
temperature stress, and to provide a theoretical basis for the fundamental research and practical application of ABA in tobacco
cold resistance physiology. [ Method ] Tobacco seedlings*Yujinxiang 17 with six leaves were used as the experimental material.
Tobacco seedlings treated with water at room temperature served as the positive control (CK), while tobacco seedlings treated
with water at 8 (£ 1) °C under low temperature stress served as the negative control (CK-0). A pot experiment was conducted
to investigate the effects of different concentrations of ABA (10, 20, 30, 50 pwmol/L) on various physiological indices of tobacco

seedlings under low temperature stress, including photosynthetic pigment content, soluble protein content, soluble sugar content,
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MDA content, proline content, as well as POD and SOD activities. The physiological indices of tobacco seedlings treated with
exogenous ABA were analyzed using principal component analysis and the membership function method. [ Result ] Exogenous
ABA at different concentrations had a dose—effect on the short—term cold stress of tobacco seedlings. With the increase of
exogenous ABA concentration, the alleviating effect of exogenous ABA on the cold stress of tobacco seedlings as a whole
showed a trend change from promoting to inhibiting, but low concentration of ABA could inhibit the increase of the content of
osmoregulatory substances under cold stress. Based on the analysis of physiological and biochemical indicators combined with
membership functions, exogenous application of 20 pmol/l. ABA can maximize the alleviation of growth inhibition in tobacco
seedlings under cold stress conditions. Specifically, after 72 hours of cold stress, the contents of photosynthetic pigments,
chlorophyll a, soluble protein, soluble sugar, and the activities of POD and SOD in the leaves of tobacco seedlings treated with
20 pmol/L. ABA were 33.54%, 36%, 12.62%, 33.34%, 40.87%, and 9.92% higher, respectively, compared to the control group
(CK-0). Meanwhile, the contents of MDA and proline were 18.16% and 14.31% lower, respectively, compared to the CK-0
group. The treatment amount is less and the cost of prevention of cold injury can be saved. [ Conclusion] In production,
20 umol/L. ABA can be sprayed before low temperature weather such as “Late spring cold snap” to improve the tolerance of
tobacco seedlings to low temperature stress, effectively prevent cold damage, and significantly reduce low temperature damage.
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Table 1 Effect of exogenous ABA on chlorophyll contents in tobacco seedlings leaves under low temperature stress

il -4 2 B it Total content of chlorophyll (mg/g) 22 a i Chlorophyll a content (mg/g) 4% 2 b it Chlorophyll b content (mg/g)
Treatment Oh 24 h 48 h 72h Oh 24 h 48 h 72h Oh 24 h 48 h 72h
CK 1.81 £0.16ab 1.60 +0.14bc 1.27+0.02b 2.08 £0.20a 1.24+0.11ab 1.11£0.10bc 0.88+0.01b 1.35+0.14a  0.45+0.04a 0.40 +0.04bc 0.32+0.01a 0.58 + 0.05ab
CK-0 1.79 £ 0.53ab 1.89 +0.07ab 1.23+0.16b 1.64+0.26b 1.00 £ 0.03bc 1.28 +0.05ab 0.85+0.11b 1.05+0.15b  0.47 +0.17a 0.48 +0.02ab 0.31 +0.04a 0.48 + 0.08hc
T1 1.76 £0.21ab 2.17£0.18a 1.96+0.06a 1.85+0.09ab 1.22+0.14abc 1.48 £0.10a  1.35+0.04a 1.20+0.06ab 0.42+0.06a 0.55+0.06a 0.50 +0.01a 0.52 + 0.02abc
T2 2.12+044a 1.77+0.10ab 1.87 +0.62ab 2.19£0.10a 143 £0.25a 1.20+0.07ab 1.25+0.36ab 1.43+0.06a  0.54 +0.14a 0.45+0.02ab 0.49 +0.19a 0.60 + 0.03a
T3 1.60 £0.19ab 1.21+0.29¢ 1.82+0.21ab 1.87 +0.14ab 1.11 £ 0.13abc 0.82 £0.20c  1.23 +0.13ab 1.25+0.09ab 0.40 +£0.04a 0.31 +0.07¢  0.47 +0.06a 0.50 + 0.04bc
T4 1.26 +£0.24b  1.67 +0.42abc 1.79 + 0.16ab 1.62 +0.06b  0.86+0.17c  1.14 +0.28abc 1.22+0.10ab 1.08 £0.05b  0.32+0.06a 0.43 +0.11abc 0.46 +0.04a 0.44 +0.01c

T SRR/ NG SSCTF R RIE FOR 2R B3 (P<0.05) o

Note: Different lowercase letters in the same column indicated significant differences (P<0.05).
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Table 2 Effects of exogenous ABA on carotenoid content in

tobacco seedlings leaves under low temperature stress

Kb T % N ZE S Carotenoid content (mg/g)
Treatment Oh 24h 48 h 72h
CK 0.22+0.03ab  0.19+0.02bc  0.15+0.01b  0.21 £0.04b

CK-0 0.20+0.04ab 0.23+0.0lab  0.15+0.01b  0.18 £0.03b

T1 0.21 £0.03ab  0.28 £ 0.02a 025+0.01a 0.21 £0.01b
T2 028 +£0.05a 0.21 £0.02b 024+0.07a  0.27+0.0la
T3 0.17+0.02b  0.13+0.03ce  0.21 +£0.04ab 0.23 +0.02ab
T4 0.15+0.05b  0.19 +0.05bed  0.21 +£0.03ab  0.19 = 0.02b

T RSB A /NS SSCTF RS FoR 2253 13 (P<0.05)
Note: Different lowercase letters in the same column indicated significant

differences (P<0.05).
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Table 3 Effect of exogenous ABA on osmotic regulating substance content in tobacco seedlings leaves under low temperature stress

QbR TS & A Soluble protein content (mg/g) TEPERE S Soluble sugar content (mg/g) fifi%#2 & 1t Proline content (nele)
Treatment Oh 24 h 48 h 72h Oh 24 h 48 h 72h Oh 24 h 48 h 72h
CK 9.02£0.55ab 8.03+0.79a 8.03 £0.0labc 7.48 +0.71ab  52.92£0.17d 17.06 +3.64c 45.73 +7.77h 73.52+5.03¢c  49.95+7.97c  49.79 +10.52d 84.09 +10.31b 73.52+5.03¢

CK-0 8.50 = 0.55ahc 6.84 +0.59ab 8.87 +0.81ab 7.20+0.18b  66.63 +4.81bc 92.94+2.90a 53.61 +6.11ab 162.69+9.33a 57.10+891bc 18442+ 17.14a 130.16 = 1.71a 162.69 +9.33a

T1 4.63+0.83d 7.72+0.77ab 7.84 +0.37abc 7.12£0.77b  56.19 + 1.27¢cd 32.19 +4.61h 65.31 +5.15ab 37.72+7.15d  81.30 + 10.95ab 94.46 + 0.67hc  83.65+6.40b  37.72+7.15d

T2 743 +0.32be 628 £0.02be¢ 9.43 £0.65a  9.60+0.43a  99.17 +3.83a 35.90 +0.77b 67.06 + 0.98ab 84.32 + 11.86c 81.72+11.13ab 79.00 +4.95¢ 111.53 +9.92ah 84.32 + 11.86¢
T3 9.32+048a 5.04+044c 7.16+0.79bc 8.17+0.28a  76.69 +2.10bh 18.44 +3.48¢c 72.46+9.00a 63.42+3.63c 60.88+1.09bc 88.39 +6.59bc  116.40 + 11.53a 63.42 +3.63¢
T4 7.18+0.28¢  6.53 +0.28abc 6.77 £ 0.45¢  9.30+0.62a  58.33 +5.56cd 29.46 = 3.71b 60.78 + 10.02ab 121.27 + 4.38h 87.65 +2.77a 107.60 + 12.79b 119.90 +3.11a 121.27 +4.38h

T PR R NG ST AR FE R 5 B3 (P<0.05) .

Note: Different lowercase letters in the same column indicated significant differences (P<0.05).
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Table 4 Effect of exogenous ABA on MDA content in

tobacco seedlings leaves under low temperature stress

Jib MDA %4 MDA content (nmol/g)

Treatment 0Oh 24 h 48 h 72h

CK 10.60 £ 1.19bc  13.18 £0.60a  10.01 + 1.65abc  10.63 + 0.34a

CK-0 15.63+1.15a 9.22+1.03¢c 8.98+0.62abc 7.60 x0.05b
T1 8.55+0.95¢ 13.06 +0.04a 15.84+4.63a  6.98 +0.16bc
T2 1334 +0.11ab 5.69+0.24d 122+0.13ab  6.22+0.34d
T3 1622 +1.30a  11.55+0.69b 4.76+1.17bc  4.46 +0.62¢
T4 9.04 + 0.64¢ 8.62+1.27¢c  3.95+0.85¢ 6.46 +0.45¢d

T RSB A /NG ST RN H FoR 2253 13 (P<0.05)
Note: Different lowercase letters in the same column indicated significant

differences (P<0.05).
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() POD ¥ 1 5. 3% & T CK-0, [Aff T3 4t B POD
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Table 5 Effect of exogenous ABA on antioxidant oxidase activity in tobacco seedlings leaves under low temperature stress

b POD ik POD activity (Ulg) SOD {ifitk: SOD activity (Ulg)
Treatment 0Oh 24h 48 h 72h 0Oh 24 h 48 h 72h
CK 1032.33 £62.33¢  1667.00 + 5.67d 766.00 = 163.33d  1428.89 + 157.27h 149538 + 87.63b  2124.48 + 57.92bc 1409.88 + 89.32h 195521+ 10.51b

CK-0 2300.00 = 154.67a  1797.33 £40.00cd  1546.67 + 139.33¢

Tl 185533+ 118.67b 318333+ 13.33a  2546.33 + 15.00ab

T2 1845.33 £208.00b  2510.67 + 142.00b  2220.00 + 282.11b

T3 1836.00 + 144.85b  2043.67 + 11.00¢ 1732.89 + 134.90¢

T4 2504.00 £ 96.67a 2479.33 +147.33b  2758.00 + 72.00a

1670.33 + 118.33h

2448.56 +273.32a

2353.00 + 6.33a

1287.00 + 54.33b

1641.00 = 159.00b

2453.99 +28.75a  1877.34 £ 88.39¢ 2063.98 + 159.61ab

264271 +36.83a  2572.84 + 63.93ab 2576.70 + 154.03a

2615.11 +£59.42a  2235.17 + 114.13abc ~ 2456.57 + 128.72a

2412.59 + 106.62a 2780.44 + 17.52a 2161.60 + 139.37a

2540.96 +75.08a  2693.19 +355.47ab  2671.74 +355.47a

2207.07 +208.74ab

1979.46 + 62.64b

2425.89 + 173.98a

2298.46 + 59.42ab

2282.16 + 30.68ab

TE: RSB E/INE Y CT- AR F TR 2253 % (P<0.05) .

Note: Different lowercase letters in the same column indicated significant differences (P<0.05).

XS5 EBR, FEAMBLIEIFHR (0h),
CK-0 JHE -/ Hp SOD Jif M 2 3% /5 T CK. 7E1I%
AL FE 48h A1 72 h 5, AR CK-0 1 SOD i
5 CK TR #E2ER, Ha5 CK & 46.39% Fl
12.88%, TEARIRALEE 24 h 5, T1. T3. T4 Zb3f
FHE SOD 1P i 3% = T CK-0, i T2 Zb¥E SOD
T MEW L CK-0 & Y 19.06%, 16K IR AL BE 48 h
Jo . T WG AP TR ABA AR B SOD i PR 5
CK-0 Jo i % 2% 5, {HH SOD 7 #4351 Lk CK-0
T 24.84% . 19.02%. 4.73% F1 29.45%. X &%k
P Ze Wit AN ABA AT A5 2548 = AR a6 A
0 Frh SOD 1 POD 11
2.5 {KiBAME TIME ABA AL IEHRE 4 i 18R
FREGE R S 4T

ZEAARIENNA T AR AL B )R B 4 A B A
fRFEbR, AR RS o PRI R T 1 bR
VRN 3 AN TRy, H— . B RS = s 5T
B 09h 47.023% . 31.927% . 15.641%, HZ
FDTHRCR N 94.591%, HA BN, Ha
BT TTHRR AT 28T (£ 6) .

B— R, MERER a AR MR AT
HRRIL R ZE N, X RBZEAGRINA T, JHRL
EAVERZ 2 W . MHERER a AR S K
RIERAERR AR, A EmE b aiE
RBET HEERRCRR SR s, o
¢ 2 b A POD G PR DTERRAL R, M4 E b &
SR HAERREYIASE, (BRI 3R )
T S R S AR AR S T 40 M N O S
PR . POD AR A 40 N —Fh 2 22 () 4
it LG AE 9A8 A BE S R B AR B X B G TR ol
EIIRE T o 55 = R ) TR T AR
AIEMRE . MDA | Pro 2 & LA K SOD TG MESHEHR .
BB AR ] S B 1 240 B P 95 15 R YT 0 TR )R
KV, X — AKX e R K ER T ARIE
MR EME B CEE ., Hik, F=FEE
FER IR 4 B PRI P Tl T B S Y Ok
N RE ST -

2.6 {KEMME THMNE ABA AbIB R 4 i £ IR 4G
FRHIRE RECES
SR R PR AL S , R IE A [] e i
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x6 {RIRMME TIMNE ABA AIBRELE 9 MERIER S 347

Table 6 Principal component analysis of 9 traits of tobacco seedlings treated by exogenous ABA under low temperature stress

PEIR Trait 55— 8Y Principal component 1 45 343 Principal component 2 £ = 34} Principal component 3
42K a i Chlorophyll a content 0.222 0.115 -0.015
4% b & & Chlorophyll b content 0.180 0.193 0.082
S N E it Carotenoid content 0.229 0.085 0.000
METEE A Soluble suger content 0.155 -0.095 0.363
TS R Soluble suger content 0.163 -0.165 -0.387
MDA % MDA content -0.155 0.174 0.388
Pro ¥ Pro content -0.021 -0.280 0.347
POD &1 POD activity 0.039 0.333 0.157
SOD {4 SOD activity 0.160 -0.186 0.355
FFUEH Eigenvalues 4232 2.873 1.408
Tk Contribution rate (%) 47.023 31.927 15.641
ST Cumulative contribution rate (%) 47.023 78.949 94.591

T RSB E/ING SO R F FoR 2253 13 (P<0.05)

Note: Different lowercase letters in the same column indicated significant differences (P<0.05).

AN ABA BRI 1 A 32 o A5 4043 ) A
XN TR T, SRR RIS . DS
1553 AT MR LIy U IEPE AT LR BT .
27 Hw, ML IPIIERE 1L GV D (ERE
HWHESME ABA B TH i, I SERn S
WD R, T2 Ab BRAR L B PUIE AR ik F)
e 7K SRR sRBCE ST AT, WIS Y
W AR ABA RRASTE— 2 FE LR THI R Y
Mif FEPE ., M 0 AN ABA YR I,
FIFAR MR, e T4 A BAET D {EAR
T ARG ABA ORI CK-0, X FH 5 i A
ABA YR JE T RESTE—E FEIE LI 55 P IEME: .
£7 WEHESESERNERESSME. D ERESTEN

Table 7 Membership function value, D value and comprehensive

evaluation of each comprehensive index of tobacco seedlings

b s UX) U(X) U DfH PUEESET

Treatment D value Cold resistance ranking
CK-0 0.000 0307 0.849 0.244 4
T1 0.220 1.000  0.190 0.447 2
T2 1.000  0.640 1.000 0.713 1
T3 0.690  0.000  0.000 0.343 3
T4 0.232  0.131 0.856 0.160 5

T FIE G NG SRS R E RoR 25 3 (P<0.05) o
Note: Different lowercase letters in the same column indicated significant

differences (P<0.05).

g5 BTk, TEWTIEAME ABA I, 5 Y
WHEJEIE, LUARIRAEPTIEROR, W (R nl g
RORANHLI , 79 P88 dod g DU T R A 7 T 200

3 Wit

3.1 HEIEHLH

R A R —Fp ™ AR AE D aa , XA
WA KRN & B I BRRAT 2 o AR A PR AR
SUER P IR e) ey 5 - A1 B N 31 e o e 2 i B 3
ST, W IR KA B AR R R P9 22 300 A BRAE
LN A I S T AN (11 STER T (A
AW HE AR (FRlEraRR a) MaErEEH
T R, TRlAYERE . MDA | BERR & DL
POD . SOD IHPEN I FFHEH . x— &5 H
Mo & A5 A, BRI E 25 | R AR
TRISIE AR R R, SE 4 240 i 25 4
Mihe, FEIUEMRGZM, BIAEE N
WP, 2 2 PRI Y o (2224 i
—LHEN, EMEMGE T, FEPEAUE ABA T GE
MWt 5 ABA Z5 B HEAMES S, ENES 1L
W IREE A AE B, ABA fE N —Fh 9 FR A “Hria
B2 (Stress hormone ) FIFEHYIARKIEHHI, 7E
YA RKME T LB EE 2 CEZEMMA
. REZMREW, T5. HE. 8L SRS
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A8 S5 25 R PR N ABA ZKF- 1
T 12, X— kMR T EET ABA iX—¢
BE T 0 TR XHEEAE Y A i R, S
SRR FRIR B A A RIER RTLKF .
s U RS fLE s A R
PRI, ABA NS AT 4 7 %o P4 553 Jiik38 ) o B30
T, WEEEEYAERK LT SHEE N
KEEMFEE

(R SER NS tRup i iNEE: S A TP e (3
H, e A ARG A, N F2L
oA A R, AR o iR R, (IR
TR A XSO A RS E A, EMa R R
JEEE, SR T ROL A AR SRR, EIGE
A ZEET , AE RS TR ) e
HApTFEPEE F R 728 DIEAFSY B &R SE,
X6 Ak AR Tk 30 T 8 A 0 e T A > R EE 1 AR
ABA, AJLLE ot B W T v B KT
AR YR N K oA, PRAse 4 B ) A2
EE, JFAERPUARMRGENE, R
PR AE T AR R AR AR A 4 200 IR EMEE TR, B
A EY L, HHEA S MDA fFL R,
MR IESS R, B A B AR e P . POD I
SOD J&{E PTG BR A R b B OGRS, M ABT AR
AR R G 0 F L BB , EA THE R A
YR T DX A4 Y R 335 ol 1 3 56 TR i o 28 G T
PR L0
3.2 HEIBIERRS T

YA ORI & BB A ERCR
MEEIERZ —, AT Y RPiIERR it S
2 U BEARAE D) TGS T R,
M4 ER a i 03 N REFE AR MRG0 BV R 46
R, XAE— TR EE T BB Dl (PR Pl Xo) R
UELYS e (5 EOERINE LTINS B2=3 (D P iR e N Ef
PHIVER . ARG R B, JHRE A2 AR e
BF, MmN ABA GEFE R it ag R a AL,
fH2RER a 54 b S HEN K. XATEEE
Wi AR ABA HE58 T 55 AE FAH OC B A 15 14
PNIE Yt S i = S DR & S e Y (377 S e
LB 72 0 J5, 25 20 pmol/L. ABA AEFR (T2) (4K
RN E AR SRR E ST CK-0, XEH
HMIE ABA XA 02 R B BT 1 2 i

YEH . RWIHEFTmE MR ABA REA RO 2 K
[ X REAR A f R, X S AEEAE D ST 2 SR
TG o ABFSEHED SRR ABA Wit =2 it LA g
PE R AR PIFERE ST, PTRER O AR U T
TR KR RCR, AR TEEaRA
o X —HLH AT REYS K ABA FE T S ALFF M
IR K F W L RO A A AR DG M3 0 55
LR AVER, S B A RRAE AR ME T (R r
B AERCREMARKTE 1.

FISPERE . AT TR AR B B H
VI s, Cak) I YRR R L€ R 1Y
LR [P ARWFSRH, 2420, 30, 50 pmol/L
ABA A FR (T2, T3. T4) 72 h i 4K 5 A Bk 4 AT
RS R R = TORBE ABA 1) CK-0, 3
L AT W SN IR ABA X2 JE 00 By iR R
i AR B E R, ISR 1 X
A S fRER, X 5T % D iR
— 5, [EIEF, fEALFE 48 h F1 72 h 5, 30 pmol/L
ABA Zb ¥ (T3) YA FEAE AR PN 1T MR 1
B E T CK-0, #F—iF 4 RTmIE S & ABA
XPHR T A AT A P B 5 A AR A FH A A AT
JoE A DM AAOR X S IV A 0 SR 4 A
TF HEM SN ABA W] REI 3 £ 55 A - &L -5-
FRIR A B R A R, T AR R AR T R
38N, EARTE RS, 7EAFE 72 h i, HAR
30. 50 umol/L ABA 4b B A 1K 5 P il & R 7 i I
FE T CK, {H 10 pmol/L ABA &b FHAH 25 (1 il 2
i & i A BT CK=0, HAE R —Ab3mfa] Py
MRt AT ABA AR BEBR Ry, I 2R B st e o
S it B = v BE A AR ABA B, IR G R Y
MBI B IR & T e s — 24 .

IEAh, MDA 75 62t 2 S MU 4 b FE 14 1 —
ANEEIE R RIS R, BE A A
A2 4R BE g v, AE A h MDA & L 23 A
Hme MAEAME D, 472 h 5, 20, 30,
50 umol/L. ABA AbFH (T2, T3, T4) HYMHEAN bk
P MDA £ & & F KT CK-0, 3 % B 48 §i mé i
AN ABA XHITHIAN RN MDA & &0 F A W
EROH, NI UE T MR IE 0 A & A A
X5 FEE S g R —2 HEAMNE ABA
A B 3 T 20 RE A AR SC L RUR 4 F R4 i B
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M SEREE, RIS RE B S AL FE ATk
AR IE T AR 5, SE A MDA
IS

TR A DT TR S R A ) e IR IR
185 FE RIS N, YRR POD. SOD &2
T, SR K A AR 0 IR A e
RIFBM B IVE R . AUISAE IR -, RA
R THMNE ABA AL BEXHIK IR M8 T 0 & POD
SOD M2, 453 BoRTEZ ) 48 h ik 4b
RIS, A2 4N ABA W MR B RE A, H
SOD Jif £ 4 /5 F CK-0. H¢ 5 M, 7% i Ak 2
IK#) 72 h B, f# A 10, 20 umol/L ¥ £ ABA 4t
FRAGHREE AL (T1, T2) , H POD 3G % & T
CKo JEF Bk & B, HEMSME ABA 0] 6838 i
5 S0 A R DG 3 R %) 2 2k o 8 T A B
POD. SOD M8 . X —HEMAS R RE T M fn]
2% ABA Kb B A9 00 B BEAE AR IR 18 T R B Ty
F BT A AR S M, itk — 25 3 B T S it A R
ABA RERSA R DR AR I R B 1 1 i A 25500
Xk A Lo Bl g A IR —3, JL[ESRIE T ABA
FEPE T PLFERE 1 07 TR AR AE o

S5 5 A BEAE AL AR AR A R 45 R SR T Ry
Mr, RTRAMLEERIAEZ D 72 h (AR S,
LI P AU FE M B A M AR ABA VR FE B3
B EFHE RS, H 50 pmol/L ABA
ARBR (T4) [YHHZ L) B HTIENE SOmAR T At fin
ABA [ CK-0, X—IG R, &k s E
ABA M7t b 2R B8 23 1 55 00 &l 0 ARG I A
BT 3ZHE 77, T 10, 20, 30 pmol/L ABA Zb3H (T1 .
T2, T3) BIMHFHTIFEMER T CK-0, B
it — 72 W EE A A IR ABA R DR 5 A R X A R
HE T o

5 RFEE B, A e AL FEAL
RHECE: 3D HAS A PR 1, (H B AMNE
ABA By EERREE, BN EE TR 5T R AR ABA
W R, 45 R R 20 pmol/L. ABA 4L FH
POp R Feg (ARTTY 7 SER I ES S 2 (S S E N N W e S
TEE XS F  R/ANFIARIE ABA AN ] M it Y
A2 FRORIRT, EARRRIS T DA
B SE T T o

4 %Hig

AT 25 S 3 WA 360 7™ T 5 1 40 2 %))
miAK, MELE RS, YA RS LAY
fig. WiMESME ABA BEAG &S H RS VE T
UhE, PR EIEN, FEIR MDA &, fRirdl
MORERS E M. [FIET, SN ABA iE REHS SR bt 4 1L
BTG, 3 E AN AHT ) AN S TR T o
H, B ERG . AT, JNE ABA
X R B A VA LA R N, R AR e
20 pmol/L ABA RURFcAE:, WEAE Wl 3 i 2 (IR 1
F, NHRBFEAL ABA FiE, WA, X—KH
R SEBR AR R IR L ORI R B A
T HARS SRR
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