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Physiological and ecological responses of foxtail millet to drought stress
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Abstract; Foxtail millet ( Setaria italica 1..) is an important commercial crop in north China, especially northwest China.
However, the uneven distribution of precipitation induce severe seasonal drought and drought seriously limits the yield
production of foxtail millet. To clarify physiological characteristics of different genotypes of foxtail millet cultivars in response
to drought stress, drought resistance cultivar ( Yugu 1) and drought sensitive cultivar ( An 04) and xiaomi were selected as
materials to detect and compare the photosynthetic parameters, chlorophyll content, non-structure carbohydrate, gene
expression of beta-amylase (SiBAM1) at one or three growth periods (jointing, anthesis and ten days after anthesis stage)
through a pot experiment carried out in the rainproof shed. Results showed that under normal soil water condition, the An 04
held higher grain yield than Yugul cultivar. Drought stress severely restricted the yield formation of two cultivars. while the
yield of An 04 was reduced by 71.2% , and that of Yugu 1 was reduced by 56.0%. And Yugul cultivar had higher grain
yield that An 04 under drought condition. Under normal soil water conditions, An 04 had a higher net photosynthetic rate
than Yugu 1 (P<0.05). while under drought stress, the leaf net photosynthetic rate of Yugu 1 was significantly higher than

that of An 04 at these three detected growth stages. Leaf transpiration rate was consistent with that of leaf photosynthetic
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rate. However, the Yugul held higher leaf relative water content than An 04 under drought condition. Drought stress
significantly reduced the chlorophyll a, chlorophyll b and total chlorophyll contents of the two cultivars, while the decrease
range of An 04 was greater than that of Yugu 1 especially at anthesis stage. Drought stress significantly increased the soluble
sugar content in Yugu 1 leaves at the stage of jointing and anthesis stage, while there was no significant change in the
soluble sugar content in the leaves of An 04. Drought stress significantly increased the expression level of SiBAM1 in Yugu 1
gene. Application of a-cyclodextrin, an inhibitor of B-amylase activity, further increased the inhibition of drought on the
growth of millet xicomi, and the contents of leaf soluble sugar and proline decreased significantly compared with none a-
cyclodextrin application. In summary, drought stress induced the increase of B-amylase gene expression and B-amylase
activity in foxtail millet, which could take part in hydrolyzing starch into soluble sugar, and the increased soluble sugar

played an important role in improving drought resistance of foxtail millet.

Key Words: Setaria italica L.; photosynthetic parameters ; none structured carbon; beta-amylase
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1.1 5k T

(D)5 1 ANFHCREMEA T 5 AT 518 N AR5

PATF SRR F i Al ZE 04 ( An04) FIBTRAERSGR A AN A 15 (Yugul) bR 3058 Bt AN 7 1
POy R AR 2 e st DR Bz 4 it

T AER)T FA A R T A R AR A B AR SR (55 30 em, ELA2E 30 em) P, 12056 0 FH 38 K 20
em RJZMEL + (BT 3.2 ¢/kg,pH 8.6, 2% 0.3 g/kg, Wi 0.5 o/kg, 4 18.3 g/kg, Blif# A 16.1 mg/kg,
AL 4.8 mg/ kg, HALAT 65.8 mg/kg) , FHIEART £ 8.5 kg, SR ALK FH [F] 24 M AL 72 K S — 20, FE3RYY
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FESEAT A BRER BRI A2 | 76 2™

(2) 150 2 B-TE K il L RE 35 U

HEGAE B-TERYEEE A FHUE P ME B RS 2, LG Ak K2 B B xiaomi ™' ATRE, 72 N
TAAMEAEHEAT . IR IGA R R AR B SR (55 15 om, B4R 10 em) P, 330 BT ) 4 498 8 B 7% + ( Pindstrup
Mosebrug A/S, Ryomgaard , Denmark ) , #F0 7 VA& [R50 1 Fh5 H B J BA0E | 3 Mk, K2 3 G T+ 540
ORI E UL EE KA (WW) AR K B K + - RIS 4L (WWa) - R EE T4 kO H 5
WK W8t 20 mmol/ L o-BRMIAE ; T A0 BRI (WD) A5 1R 5EK, RT3 T2 P + - PRI 41 ( WDa )
15 1k BEsk I HLAF R Wi 20 mmol/L a-FRMIAG . o- FRRIDIE It LA 3ok 8 5 kg v ok R0 it K ) 751 10y 4
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RES 1 AR AR AL 1 3 T B 5 PRI A kb AR o, BRUHE B35 o0 e ARE 4,105 °C 2R 25
min,75 CHET 2EE FHRE, By FARA it . 7EseaUiing™= i b @ Uiz s 75 ¢ #t T 2EE
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PRI 2, B 8 BRIl b 1R AE My i, ik A 1,
1.2.2 B SEEM R8s

RIS 1.6A S HORH Li-6400 8 485 2006 5L (LI- ®1 ZHERPCRATASIMER
COR Inc. , Lincoln , NE , us A) , 6}, ;'jlj E;ﬂidﬁ ﬁH . %ﬁ’:,ﬂ}‘l & Table 1 The primers of the SiBAM genes and reference gene
FE05 10 K. BRI H AEME R 10:00—1,00 am (o 00 B

Gene 1D Gene Primer sequence
e 5 2 JRIT B (BT i (P AERIRAEIS 100 Gi035044m  siBAMIe  F3'-GATGGTGGCGTTCACGTA-3'
K BECAE R KL S M2 R E S 50 R5'-AAAGAAAACCCCTACACAAAGC-3'

%jﬂ)‘ﬁﬁ?%ﬂ‘ﬁ 1000 Mmol m-2 g7! R {}ﬁ% 500 p,mol/s\ S1034946m  SiBAM1b  F5'-CGATCTCTAGACGGTGATACAC-3’

S — . 5 - R5'-GCTTCCTTTCCCTTCTTACACT-3'
M- 28 °C ., 2% PhotosynQ MultispeQ V2! U 5 {3 ]
SiActing  F5'-CGCATATGTGGCTCTTGACT-3’

FEIERGE I FRAFROR (Fv/Fm) R L BFR B2 1L R5'-GGGCACCTAAATCTCTCTGC-3'
0322 I T W B T AR T A R e R SiBAM1a: %5 T B-VE B i} la Setaria italica B-amylase la;

B T TR € 2% 0 2 T M R s 2 s SR SiBAM1b . 43°F B-FEMEE 1b Setaria italica B-amylase 1b
Barrs and Weatherley 77352 52 M AT 25 7K B
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TEAEIAIBORE MRV VR A BRI VAR - 80 CORAF#8 15 BT FH 5 1 81 L3R 1

KM 44 EasyPure® Plant RNA Kit $2HUE RNA, Z8 EasyScript® One-Step gDNA Removal and ¢cDNA
Synthesis SuperMix JZ % 5% J5 ffi FH TransStart® Tip Green qPCR SuperMix ] FTC—3000P SZHf %% ¢ & PCR
ASCHEA T S B, B R 275 PO

TG 2 RAR S 4 B B-UE AR PR T ek R AT A M A i Y R AR Y i
1.3 HdibH

AT SPSS 19.0 647 ANOVA J5 2250 #r , e/ 3 72 503% (1SD) il AT 2 AL, W 3 VK2 P=0.05,
K H Sigmaplot12.5 214,

2 ERE5S

2.1 TEXPIASMET Y& 5 R AR A5

A2 2 ml 0, 5 e e E R T PSS T AR R R L (2 04 FIBAS 150 BT 71.2%
56.0% ) ,AH XIS [R] by F 1 2 4 i = i ) SE IRR BE R TR) . IE W K 451, A48 7 i b b1 3R A 9 A
PATIARI A AN BE 22 5 (P>0.05) ;T T RHHE T, B A 1 S LAY R B ER TZ 041
i A (P<0.05) o FERCAM, IEH K 2N, % 04 BAEY B8 RS 1 555 7.1% M
12.4% H AT 848 1 S BAEEAEY ™5, % 04 7505 27%F1 35.7% (P<0.05) , R HEZA
1 5 He%E 04 HoA BRI 445 7= 1 1 B8 1 5 (0T 5 W3t 3 38 X PS4 7 5 B TR 8 7 A B 35 s ) (P>
0.05) .

F2 AEKFEFETENAFRMAFEERHEEXMER
Table 2 Yield and its related characters of two millet cultivars under different water conditions

H: ¥ Biomass/ ( g/ﬁ%)

JiSL] — - TR E Rt
Treatment Joijﬁ: %fage Amiji’ﬁﬁagc . uﬁiifﬁbxge 1000-grain yield/g  Grain yield/ (g/#)
WW 42 04 2.35:0.16a 9.33x0.52a 16.401.01a 3.27+0.13a 6.42+0.29a
BHr1E 2.010.29a 9.56:0.27a 15.30+0.41b 2.730.07b 5.71£0.21b
WD % 04 1.25+0.12b 5.05£0.23c¢ 7.27+0.14d 3.200.2a 1.850.08d
BE1e 1.90+0.13a 6.03+0.27h 8.54+0.45¢ 2.53+0.07b 2.510.04c

REFRA R D EHER (P<0.05) ;WW; IEH# K Well-watered ;WD 7J(5§’ET’H%( T5) Water deficit

T AR T RS A A B AR R R (BT 1) i 04 Bk R BRIREE (30.8% ) K T
B 15 TREMEEE (21.2%) 5 AR T 5230 25 BEAIK 1 Tt i fEL S Al 8] I A A7 78 i 3 1 22 = (P>0.05) .
TR if B SRR T & 04 TR YEEE (P<0.05) (HHXTEA 1 5 IR%A =4 WM m (P>0.05) .

22 TEXWANETF ST GG KoK SE 2 m

P SR oA R AEA AE B I 2 IR AU B L (B 2) . IEH K%M T, % 04
B SO AR THBA 15, BAETFEFIES 10 KEIAE) 8 E K (P<0.05) (HT ST, B4
1 S R G RN A T ) B8 KT % 04(P<0.05) o SR, A2 T i R 0 B KOB Ak 24 3R 7
PR IS A P K 4% R ) YR AE B 2 22 57 (P>0.05) BT R bA T FAE X AE)S 10 K, B4 1 Sk
KA 3 7 T4 04(P<0.05)

P, TR0 0 RN T 2 04 YMERE a MR b ROBM SRR E R (R 3)  MiFEMBA 15Ut
SR a I B EERFININE (P<0.05) . JFAEH, IS T A T4 R a 4R b LBt Rk S a3
PR EVERRAR (3R 3) (B 04 FRIE A, Horp 48 a M4 R b KU T4 R & B0 B A 45.9% (43.3% Fll
43.3% B4 1 0 BIFEAK 43.9% 28.2% 1 29.1%,

Kl 3 IR FEPIFIK 3 26T A b A i B SfL S B SR 58 A R IR, 78 1 o 38 1) AR Ak e
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Fig.2 Photosynthetic parameters of the two millet cultivars under different water conditions
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Table 3 Chlorophyll content of two millet cultivars under different water conditions

MR a 2R b B R
AbFR Chlorophyll a/( mg/g ) Chlorophyll b/ (mg/g ) Total chlorophyll /( mg/g )
Treatment AT FFAEH] BT TFAEW] KT FFAEW]

Jointing stage Anthesis stage Jointing stage Anthesis stage Jointing stage Anthesis stage

WW G 04 1.99+0.02a 2.96+0.11a 0.62+0.01a 0.97+0.03a 2.61+0.02a 3.93+0.14a
BHR15 1.87+0.08a 2.23+0.07b 0.58+0.03ab 0.71+0.02b 2.45+0.12ab 2.95+0.09b

WD L 04 1.57+0.06b 1.60+0.24¢ 0.51+0.02b 0.55+0.10¢ 2.08+0.07b 2.23+0.34c¢
BH15 1.56+0.12b 1.58+0.02¢ 0.53+0.04b 0.51+0.01¢ 2.10+0.12b 2.09+0.03¢

AR 7RO B 2 5 (P<0.05)

eV FEAE
" 0.16 0.14
D a
E 014 t 0.12
< I b '
% 0.12 I b 0.10
£ 0.10 |
% = ¢ 0.08
- 8 0.08
e 5 0.06 c
S 006 f
=
g 004 f 0.04
E I 0.02
§ 0.02
S 0 0
wn
oSy 25 1
o a
g b
o 4rF b 2.0
£ h -
= C
¥e2 3t 1.5
®E
8 ¢
g 2t 1.0
=1
S
§ 1+ 0.5
&
g
S0 0
922 r 90
a a a
& %0 r a a 88 | ‘I‘ B
E — b [ b
HIHH ‘a 88
28 86
o8 86 |
= <
Xz 84
L 84t
2 82
& 82 r
80 80
WW WD wWW WD

B3 AREKSEFHTREIEFRMHAKGSH

Fig.3 Leaf water parameters of two millet cultivars under different water conditions
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Fig.4 Leaf unstructured carbon of two millet cultivars under different water conditions
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S e s AR A R AR B R RA T FA S B0 A Y Rk, i A B AR S R PR B B R A
PERESWEZEREZ —, AT REMERNEGA | SHIBEM F eS8tk & &2 & T4 04, - H T
A B EGET TBRA 1 SR R | XA T 5 ha Nt R ARtk SRR R A AR A 1 Y
YR GG B S i i B AL 22—

E R SR AR AR AL B A3 T e 114 B ) BRI, TS PR R A ) WP R A T e At . T S e
FHRE T RS AT MR A A R R AR B Y AR S R B R R R B T
HY ATV PERE , UL AT A AR T BR R A R T A S R AR . T RMMA TR IR 4 1 T RE S 1 i R Y I
IFAEA 1) /0 B T o 2 A S T 2 R T % T e P A 10 5, DAL I B R AR 7 BB A Il A 5 119 i
W3O e PT VPR IIE B e SR IR, IR B R AN PerBAM SR BB A8 31 B -V o T % M 05 T I A
ATV M RE B2 DA T 2 o A 6T V2 I3 RN VR 35 BBk, T A6 PerBAMIL 58 78 AR U] Bl T B 175 = JRE W AR AT 5 1k
BERR SRR HATPERY | BB M0 SBAUETIT AtBAM1 2535 DTG AR G IE S5 14 F T d AR B2 42 i n] v PE A
Fr AR W KA AR AR R A R BAM 3 1 RS P SR B A X R A e A Pt th B A5 BE
SO AR R T R NA RS 1 5 KIEEE FR SiBAM1a F1 SiBAM1b F[H 635 | X Al RE &4 T F l ik
PR B HEE R A Z —,

HMIEIEH] B-TE 43 TG Ve — PRI IR - BRI — 2D BRI T T B A A E R T BTk
Bl i D (B 6)  UEH B-TE M /K Ve B2 4 1 I AT MR A R Y BRI . A, o - FRMIRG 1 %
AR T i I R & 1, 31X 5 Zanella %5 B8 & B B-amylase 1 T S50 F K 20 FE W LALERRIB 2 02 5 i 19 45
SRR T AT VA PR I SRR VR R 95 385 VA4 ) X R 400 M TE 3 A S K R A TR L R A R,
TR T B-VER B R Fe1k S B-VE My BTG PR T+ 50, DT $5% 1 D A3 7K A T B T s 1 M A3 338 15 40
Jo I 2R 1) 7 B A P R e 1 T ) o Al

4 #Hig

TR A TR BRSNS R  BE MR A T e ATl DU R R B-VE A M [N 0k
T PEARIE N5 TR MR 32 A1 B-VEA RS M, s e by 7K e il TV Pl E— 2D me i 2 R Y
R S A TP RA EEARH], PR ERGR A TR MR 1 Sl R A R AR R i
JEEHR JCRG N R R ROR B AR SR S A, NI AR T340 9™ 5, 5 B-TE M R = O T
M-S ECTATER B RA EEOCR , AN, TRPRA T B8 1 S BAEE R BRI O T RIRGER; mr i
A 5 K ] e HAR R IBUK BE 1A 5%, it Z ik — e i

http ; //www.ecologica.cn



21 4 FEANI A AR R 4 A B A 2 R 8621

Bt : (YAl R R BARAR L wiaomi RIIFHEL,

5% 3Lk ( References) :

[1]

[2]

[3]

[4]

[5]

[6]
[7]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

Kang S Z, Zhang L, Liang Y L, Hu X T, Cai HJ, Gu B J. Effects of limited irrigation on yield and water use efficiency of winter wheat in the
Loess Plateau of China. Agricultural Water Management, 2002, 55(3) : 203-216.

Cattivelli L, Rizza F, Badeck F W, Mazzucotelli E, Mastrangelo A M, Francia E, Mare C, Tondelli A, Stanca A M. Drought tolerance
Improvement in crop plants: an integrated view from breeding to genomics. Field Crops Research, 2008, 105(1/2) ; 1-14.

Zhang C M, Shi S L, LiuZ, Yang F, Yin G L. Drought tolerance in alfalfa ( Medicago sativa L.) varieties is associated with enhanced antioxidative
protection and declined lipid peroxidation. Journal of Plant Physiology, 2019, 232 226-240.

Kaur K D, Jha A, Sabikhi L, Singh A K. Significance of coarse cereals in health and nutrition: a review. Journal of Food Science and Technology,
2014, 51(8): 1429-1441.

Upadhyaya H D, Ramesh S, Sharma S, Singh S K, Varshney S K, Sarma N D R K, Ravishankar C R, Narasimhudu Y, Reddy V G, Sahrawat K
L, Dhanalakshmi T N, Mgonja M A, Parzies H K, Gowda C L L, Singh S. Genetic diversity for grain nutrients contents in a core collection of
finger millet ( Eleusine coracana (L.) Gaertn.) germplasm. Field Crops Research, 2011, 121(1): 42-52.

TR, (U, Bk, R TR X A R A A AR . LT R, HRARLER, 2016, 39(4) : 672-678.
Liu P, Yin L N, Deng X P, Wang S W, Tanaka K, Zhang S Q. Aquaporin-mediated increase in root hydraulic conductance is involved in silicon-
induced improved root water uptake under osmotic stress in Sorghum bicolor L. Journal of Experimental Botany, 2014, 65(17) ; 4747-4756.
SOUNEE, JATTRE, ERKES, (AR AR R ORI AR 3 A GBI RO R AR, 2021, 41(2) 543552,

XU, TRARTE, 200, S, M%T. R COMRBETHE AT R EAEXA TG R b R A B LA . o [ A 35 ol 2 4 ( rh 3
3). (2021-01-21). https://doi.org/10.13930/j.cnki. cjea.200528.

Dickman L T, McDowell N G, Grossiord C, Collins A D, Wolfe B T, Detto M, Wright S J, Medina-Vega J A, Goodsman D, Rogers A, Serbin S
P, Wu], Ely K S, Michaletz S T, Xu C G, Kueppers L, Chambers J Q. Homoeostatic maintenance of nonstructural carbohydrates during the 2015-
2016 El Nifio drought across a tropical forest precipitation gradient. Plant, Cell & Environment, 2019, 42(5) : 1705-1714.

MHEER, BEEAL, BRI, RARST, RO, XN, AR, R, SR, R BRI ARSI A KRG S R R . A2
&%, 2019, 39(7) . 2501-2509.

Zhen F X, Zhou J J, Mahmood A, Wang W, Chang X N, Liu B, Liu L L, Cao W X, Zhu Y, Tang L. Quantifying the effects of short-term heat
stress at booting stage on nonstructural carbohydrates remobilization in rice. The Crop Journal, 2020, 8(2) : 194-212.

Gucei R, Moing A, Gravano E, Gaudillere J P. Partitioning of photosynthetic carbohydrates in leaves of salt-stressed olive plants. Functional Plant
Biology, 1998, 25(5): 571-579.

ABINRR, L&A, WREH, AR, B, XBPUF. kM A a2 P S T RIESI e 2 R, WALy =4k, 2016, 36
(3): 534-541.

Tang S, Li L, Wang Y Q, Chen Q N, Zhang W Y, Jia G Q, Zhi H, Zhao B H, Diao X M. Genotype-specific physiological and transcriptomic
responses to drought stress in Setaria italica (an emerging model for Panicoideae grasses). Scientific Reports, 2017, 7(1) : 10009.

Lata C, Bhutty S, Bahadur R P, Majee M, Prasad M. Association of an SNP in a novel DREB2-like gene SiDREB2 with stress tolerance in foxtail
millet [ Setaria italica (L.)]. Journal of Experimental Botany, 2011, 62(10) : 3387-3401.

Li C, Yue J, Wu X W, Xu C, YuJ J. An ABA-responsive DRE-binding protein gene from Setaria italica, SiARDP, the target gene of SIAREB,
plays a critical role under drought stress. Journal of Experimental Botany, 2014, 65(18) : 5415-5427.

LiJR, Dong Y, Li C, Pan Y L, Yu J J. SiASR4, the target gene of SIARDP from Setaria italica, improves abiotic stress adaption in plants.
Frontiers in Plant Science, 2017, 7. 2053.

R, WO, TR, FRHaMR, B0y, KIE, SR, BEE. PIARTF CIPK SR AEIE AW 5T a1 3Rk 0. EY 4,
2016, 42(2) : 295-302.

VPOKER, JYIeum, R, FEMMn, ATOTEE, SRS, JREIBH. AT B R IR T R B S R AT AR RE ) 2018, 51(8)
1431-1447.

INKRI, BIETF, ERA, ok, BA6, WEE, ThSO. SMIE— S R AL ARSI g /N Aol 1 S 300 B -TGE 0 8 X JFG I 400 L 4 A1 7 5
WA, AEPIAR, 2008, 34(9) : 1608-1614.

Yang Z R, Zhang H S, Li X K, Shen H M, Gao J H, Hou S Y, Zhang B, Mayes S, Bennett M, Ma J X, Wu C Y, Sui Y, Han Y H, Wang X C.
A mini foxtail millet with an Arabidopsis-like life cycle as a C, model system. Nature Plants, 2020, 6(9): 1167-1178.

Kuhlgert S, Austic G, Zegarac R, Osei-Bonsu I, Hoh D, Chilvers M I, Roth M G, Bi K, Teravest D, Weebadde P, Kramer D M. MultispeQ

http ; //www.ecologica.cn



8622 JAE = 41 4

[24]
[25]

[26]
[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

Beta: a tool for large-scale plant phenotyping connected to the open PhotosynQ) network. Royal Society Open Science, 2016, 3(10) : 160592.
PR R A AR SRR T ALa . WA N, 2006 3- 144,

Bars H D, Weatherley P E. A re-examination of the relative turgidity technique for estimating water deficits in leaves. Australian Journal of
Biological Sciences, 1962, 15(3) . 413-428.

Pfaffl M W. A new mathematical model for relative quantification in real-time RT-PCR. Nucleic Acids Research, 2001, 29(9) : e45.

Laby R J, Kim D, Gibson S I. The raml mutant of Arabidopsis exhibits severely decreased B-amylase activity. Plant Physiology, 2001, 127(4) ;
1798-1807.

Yan J K, Zhang N N, Wang X L, Zhang S Q. Differences in the physiological responses of Rhi13 and rht wheat lines to short-term osmotic stress.
Cereal Research Communications, 2020, 48(1) ; 41-47.

Sun Y, Wang X, Wang N, Chen Y, Zhang S. Changes in the yield and associated photosynthetic traits of dry-land winter wheat ( Triticum aestivum
L.) from the 1940s to the 2010s in Shaanxi Province of China. Field Crops Research, 2014, 167 (0) :1-10.

Yan J K, Zhang N N, Wang X L, Zhang S Q. Selection of yield-related traits for wheat breeding in semi-arid region. International Journal of
Agriculture & Biology, 2018, 20(3) : 569-574.

VPRERE, B FETE, KOEEE, AME, AT, A, T, XEW, SMAAR. ESRELAGMEEM R G5 DG A R A TR A R 1. VY
4R, 2017, 43(3) : 432-441.

Woo N S, Badger M R, Pogson B J. A rapid, non-invasive procedure for quantitative assessment of drought survival using chlorophyll fluorescence.
Plant Methods, 2008, 4. 27.

ZHilr, T, T3, B/NE, LR SRS T BT T 0T I AR Al v AR A R A BRI R . AR ZS AR, 2020, 31(5)
1543-1550.

AR, TN, KT, BRLAR, ZEE, UOR, RSUE, B, T R-m B X RRERL i AR G PR K LA S A ISR AR S
i, 2020, 40(7): 2277-2284.

RIS, Bt BRER, EiE, ABAE, DTS E. DRSS i K S e i . A4 AR A, 2019, 55
(12): 1839-1850.

Chen D Q, Wang S W, Xiong B L, Cao B B, Deng X P. Carbon/nitrogen imbalance associated with drought-induced leaf senescence in Sorghum
bicolor. PLoS One, 2015, 10(8) ; e0137026.

Wk, A, sk, XM, Bef, T4 TRRAXTRISRAN T A E i DG R N AR S M MR K AL S RS . N S R AR A
24, 2019, 25(6) : 1261-1269.

Peng T, Zhu X F, Duan N, Liu ] H. PtrBAM1, a B-amylase-coding gene of Poncirus trifoliata, is a CBF regulon member with function in cold
tolerance by modulating soluble sugar levels. Plant, Cell & Environment, 2014, 37(12) : 2754-2767.

Valerio C, Costa A, Marri L, Issakidis-Bourguet E, Pupillo P, Trost P, Sparla F. Thioredoxin-regulated B-amylase ( BAMI) triggers diurnal
starch degradation in guard cells, and in mesophyll cells under osmotic stress. Journal of Experimental Botany, 2011, 62(2) . 545-555.

Yue C, Cao HL, Lin HZ, HuJ, Ye YJ, LiJ M, Hao Z L, Hao X Y, Sun Y, Yang Y J, Wang X C. Expression patterns of alpha-amylase and
beta-amylase genes provide insights into the molecular mechanisms underlying the responses of tea plants ( Camellia sinensis) to stress and
postharvest processing treatments. Planta, 2019, 250( 1) . 281-298.

Zanella M, Borghi G L, Pirone C, Thalmann M, Pazmino D, Costa A, Santelia D, Trost P, Sparla F. B-amylase 1 (BAM1) degrades transitory
starch to sustain proline biosynthesis during drought stress. Journal of Experimental Botany, 2016, 67(6) : 1819-1826.

BB, SRS, X050, B0, OGN, Bish mETTER. BT = A IR I X R I 04 A B AR S A N RS AEIR, 2020, 40(6)
2090-2098.

http ; //www.ecologica.cn



