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Research progress and prospects of foxtail millet salt tolerance’
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atory of Agricultural Water Resources, Chinese Academy of Sciences / Hebei Key Laboratory of Water-Saving Agriculture, Shijiazhuang
050022, China; 2. University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: With the adjustment of the agricultural planting structure, foxtail millet — a drought-resistant and barren-tolerant crop, has
attracted increasing attention in arid and saline-alkali areas. Systematic and deep understanding of the salt tolerance as well as
physiological and ecological response characteristics of foxtail millet under salt stress has important guiding significance for maxim-
izing the excellent properties of foxtail millet, increasing its yield in saline-alkali areas, and improving farmers’ income. This paper
reviewed the research progress worldwide in detail from three aspects, namely, the screening index and evaluation of foxtail millet
salt tolerance, the change law of plant growth and development and physiological-ecological response under salt stress, and the dis-
covery of foxtail millet salt tolerance genes. At present, a single indicator of salt tolerance in foxtail millet is used, which mainly de-
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pends on the germination rate during germination. Other physiological and ecological indicators have not been fully considered. Be-
cause of the differences in foxtail millet varieties and soil salinity, there are differences in aboveground and underground agronomic
characteristics, photosynthetic characteristics, enzymes related to scavenging reactive oxygen species, and the hormone response law
of foxtail millet plants. Therefore, it is difficult to establish comprehensive evaluation indexes. The expression and function of foxtail
millet salt tolerance genes are related to environmental conditions such as high salt, drought, and abscisic acid. The salt tolerance of
foxtail millet was improved by synthesizing specific proteins to enhance the antioxidant system, protect cells from damage, and im-
prove the ability to resist osmotic stress. Based on the results, we recommend that the establishment of quantitative standards and plat-
forms for the comprehensive evaluation and selection of foxtail millet salt tolerance, the in-depth research on the regulation mechan-
ism of foxtail millet salt tolerance, and further research and development of foxtail millet salt tolerance cultivation technology sys-
tems are important future research directions.

Keywords: Foxtail millet; Salt tolerance; Germplasm resources; Germination period; Physiological and ecological response; Salt tol-
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Table 1 Contents of salt tolerance evaluation of foxtail millet
ST RIRAE Ry SR it b 5 %30k
Treatment Cultivation ~ Varieties . . . .
period condition number Salt type  Suitable S?h Appraisal index Salt tolerance classification Reference
concentration
2 FigR 27 NaCl 3gkg'  RERRHAMAEE R TRAR3 T TR [21]
Germination  Petri dish Germination rate, relative salt ‘Zhangza 3’ is salt tolerant type.
period damage rate of germination
FgRm 63%, 54" NaCl L0%~1.5% KREHF, RFH . MRKAZEKE A 160 M BRIUS2000 00 [20,24,28,30]
Petri dish 100, L ROREWSE NS TR, B A 1S FI A 154
260" Relative values and salt damage 23/ L fHER
rates of germination rate, 20 varieties such as ‘Jigu 16’ and
germination energy, root length, ~ ‘Fente 11’ are high salt tolerant
bud length types; 23 varieties such as ‘Lugu
17 and “Yugu 15’ are salt sensitive
types.
Begem 10077, 117, NaCl 100~250 RZEFE . KRR MWK FRE EHLS MARES 1660 [22-23,26,31-33]
Petri dish 1429, 2581, mmol- L™ HARXMEAIEL R AAXIE SR iR Ay, Jess27 M e 25 4
107, 14 B Na' G EHK G a 113 A o 2 U AY
Germination rate, germination 16 varieties such as ‘Jinyuhonggu’
energy, root length, bud length and and ‘Gong’ai 6’ are high salt
their relative values and salt tolerant types, and 11 varieties
damage rates, relative vigor index, such as ‘Longgu 27’ and ‘Longgu
Na”and K" contents 25 are highly salt sensitive types.
HiFrim 4 Na,CO,  0,25,50, 75, AHXFRZEAR, xR — [34]
Petri dish 100 mmol-L™' Relative germination rate, relative
salt damage rate
KR 20 Na,SO0, : 60~100  REEFEEL. IEHEEL. MIXHR  ©9324-8-3° M 214° 4423 [27]
Petri dish NaCl : mmol' L™ . MIXZEK  EhmiE 54K R, <K [F30° REA
NaHCO, : Germination index, vigor index, A1 JUMRTF> g £k el =5 gk gl
Na,CO;= relative root length, relative bud ~ ‘9324-8-3” ‘Bagu 214’ and ‘Jingu
4:1:4:1 length, saline-alkali damage index 23’ are saline alkali resistant
types, and ‘Datong 30° ‘Dabaigu’
and ‘Jiugenqi’ are highly saline-
alkali sensitive types.
SR 53 NaCl: 100 mmol L' AIXF 24 . MUKERF A 2FRK B4 107H1 F 4522 Jyuiint £h A [25]
Petri dish NaHCO,= R M LR FE AR B, BRATID AT AN fRAE23
4:1 Relative germination rate, salt SR AN T ER B 75
damage rate of root length, salt ‘Lugu 10’ and ‘Jigu 22’ are strong
damage rate of bud length, specific salt-alkali resistant types, while
salt damage rate of root-shoot ratio “Yugu 31’ “Yugu 32’ and ‘Baogu
23’ are extremely salt-alkali
resistant types.
i B 149 2587 NaCl 50,150 MR FEREHAMRHEMEEE R — [26,31]
Seedling stage ~ Petri dish mmol-L™"  Root length, shoot length and their
relative values and salt damage
rates
TR 3 NaCl 0.5%~1.0% SFLRES . mhRmAsfk . xR — [28]
Pot culture R RFDNSEL. AW
AL
Stomatal state, leaf surface changes,
relative conductivity and
chlorophyll fluorescence
parameters, biomass, superoxide
dismutase
Ea 1] A 155 NaCl 100 mmol L™ #PARIF=Ht , My L-3FLE4 i . Wk — (35]
Whole growth Pot culture FREC. TGRS
period Grain yield, aboveground biomass,
harvest index, spike harvest index
KH 8 o 320gkg’ FATE. PRRRIE. TYRE. M S22 MG 21 i E iR [19]
Field Saline soil LA ‘Jigu 22’ and ‘Jigu 21” are salt

Panicle weight, grain weight per
panicle, dry matter weight, water
content of shoot

and alkali resistant types.
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5 ) 5 R T 6 R R b A O
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AR, mvk BRI AR K. Hodr, 0.4% 1Y
NaHCO, %} 1) Jit & 52 Wil 55 K, $%F BT B 37.0%.
s E X 8 A A E S N 32 gkg ' 1Y
RO Hh ()3 50 v % B, 45 SR R R
LA N 7/ D L R S & ik 8 2 I B S
i R R A, AR S RO R 13.5% . 13.5%.
3.1% Fi1 6.0%, 7 & 3h 3 %K 20.7%~63.4%, H 5FF4E
b 15 5 oK R RAR T i Az [R) Ak 4 5% AR 1) BT Ak
SRR W E RS, A T & B XA T
P ZARNR R AR R o R W38 X 48 - s ) e 32
BRI R A R (R AR ), R
TR K RS TR, AR, R R IE SRR
(ki . 258D,
2.2 HEIBALIEARND R

HCEAVEREH R ADGRE, & A P, B
SO B BA KA TR E SR, XY K
FREE ., WA TNE PR ELE RS s
HAREMSAL S EH AR, SWa A4l %
WAL PEACZEEE R . PRPIRAE . SRR AL
PANE ST SIEE: G S =W S I NP SN SR
BiE A, BRI FFR W2 B, LT EEREAR
CO, #E AN A A R 3 MRS IR &
B, B 18 Y A BRI R 2 A ST
(0~0.9%) By FH i T [, T2 55 FL T B ZE 1 HioR
TR K, Hir, 0~0.3% $hPha B ZE B R | AL
BE R B, 0.6%~0.9% B T E#IRE . i~
DG RN R R A AT 3 25 o TR AP
6 A 3SR IMA S TG . BB RIAAL
S AR FEARERLE 10% LA, 32 30 i AR B 4N,
TR AR Pl 28 357 <2DRE A Wik 1577 A1 H) 3
S MRE A R, F R R SEARERLE 40% LA L, AZ 4
FREERR K o SRS ALER W43 % it R 6 RE vk 52 e
A—EER . BOEEY ®BUh R (NaCl, Na,S0,)
A £ (NaHCO,), W58 T £ Wi X843 17 1 3
AR R GEADCE R, KRR
% NaCl $ i iz K, 0.2% F1 0.4% &b FE R 4351 He xf 1R
TR 24.1% i1 34.0%; AS[F] 27 £ 5l 5 Ab #4551
FEOGA R (P,) S REER B RGN R AG, $hE
H0.2% F1 0.4% B, NaCl &b # T B 33.5% H1 59.1%,
Na,SO, fil NaHCO, &b 435I F [ 47.8%. 80.2% Fll
38.9%. 85.5%. WA HFFE M AN EhHha ARG A
YR 202 Na il i IR SAL . SRR L5+ Fn D g
D% R AV it % e s e ' A VR o

TEFR B S5 4T, AEL AR PR 3 I 30 P 4000 DR 4
it % S AR, AT I R A P e 22 AR 0 P 4, DAl 2 Xt

MG E . ISR B A BLA TR AR
W B AL (SOD). i ALY (POD) Flid %A AL =
fiti (CAT) 515 BRI M S R R I Bl R S e £h e T i
T R B 3E B TR R SR B 9T R AR
— € MR 8 S 4 i ) SOD. POD il CAT
TP 5 0T HEAH LL 38 1 i, 3 Rl S A S 4 1 AR 4k
FEJE K. SOD>CAT>POD. ¥t & 1k g 1 P (1 45 fb 72
JEAEAS [R] ity o (6] £ 7 S 35 1 22 5, T h PRS0 5 1
s A O M P O T 1 55 Y R
PR T BRAE S H 5 . TN 8 (MDA) A] LA 42 5z e i
ROz a BB . A Kk PR B AR T B A
100 mmol-L™" NaCl 38 F, & F1fif £ & F 5 £h U
i B MDA & 07 35 22 5 AR R M WY
250 mmol-L ™' NaCl J#}ift T, i £h &4 F 9 MDA & & JL
PR FEANAR B R HUR SRR TR Gz 4 E
MDA & B A5 2L o MEXH R E T a7
()5 2 R /D i, (BAF 5T & B T4 R (ABA) Af
5 S A 0 R 1) R R ER DT 4 e 200 L R 45 4
(10 B A T, R v AR B B 0 Y R R KR
(IAA). REEF (GA;) T BES 5 i 11 10 30 % A 4 1)
B35, AT 45 SR T A Ry R A A TR B
) 3Rl

R R ECE FARK L B R R4S I A A AL
J I EEAAE R B E5R, H a4 7E i 5 77 18 1 bt 5
T2 A e R R IR 0 S AR B AR S o A T
(3 2), 4 T 1 SR AT ER i) Jik R & 4 A 4 I 28 18 A
R A& T=3 18]
3 AFEomEERE %R

A 109 TS 8 1 e T R A%, &2 2 3L R
PO AR S R 1) 3 A 2 R SR T S T
Kot GER MG BAEAE C 2 5 R Mha it R A B

H H T 38 5 B ) H YK St A% i A A T B R
SiPHGPX ., SiLEAI4 fl bZIPs HA%55 T4 TikMhia
MM FE . SIPHGPX FEH i $h 4 1 b B i & 1)
b A TR S 00 8 1 B 3L Y, Sreenivasulu 2525 BF 5%
KRB T SiPHGPX 3 K 78 RNA 7K A& 14 5
IR ik 1A, X SEE T PHGPX Y (Cit-
rus reticulata Blanco)™ Fh & (/K FIHAIKZ (Hord-
eum vulgare L)™' | Wit (Pisum sativum L)' o cDNA
VT BT 45 - — B, SiPHGPX 1 & 45 i £k
P 32 B 1 R A L A RN BT AR A A ok
XF BT ER A T 0 AL A 5, DR3P 200 9 32 4K K
™ 52 DIREMIIAY L IR 4 SiALDHs, i i 7]
TEAR TR A0S PR (ROS), FEAR A B i 801k 51 A 4
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Table 2 Physiological and biochemical indexes of foxtail millet affected by salt stress

TEbRZERY et FM 25 CHK
Index system Index Performance Reference

RN [iiE TRATRIRRA T, A 5] SRR AR Eh R (B3R 77.6%; NaCUA T Eb AU AR a1 [25,40]

Agronomic characters Root system PpHHE = 7.28%, i MFE6.15%
Under the mixed saline-alkali stress, the average root length salt damage rate of different
varieties was 77.6%; under NaCl stress, the pH in the root cells of salt sensitive varieties
increased by 7.28%, which was 6.15% higher than that of salt resistant varieties.
3] 0.1%~0.3% NaCliitl F 43 16" 55U, MR K 11.69%~16.91%, 7£0.5%~0.7% NaClit  [42]
Plant height T, B 15 MR ERE(520.01%~26.17%
Under 0.1%—0.3% NaCl stress, ‘Jigu 16’ was sensitive, and the plant height decreased by
11.69%—16.91%. Under 0.5%—0.7% NaCl stress, ‘Lugu 1’ was the more sensitive, and the
plant height decreased by 20.01%—-26.17%.
Mo b K FER3.2 gkg YR MM T AT BRI EHS A K AR IR 35.4%~49.2% [19]
Aboveground water content Under the field condition of salt content of 3.2 g'kg ', the aboveground water content of millet
at maturity varies from 35.4% to 49.2%.
PR B, ARRIE . TRE  AR32 gkg KEAM TATARMOEE . RERE . TREESREMINIBS%.  [19]
Yield factors Ear weight, grain weight of  13.5%H13.1%, P~ 3% % 420.7%~63.4%
per panicle, 1000-seed Under the field condition of salt content of 3.2 g-kg ', the variation coefficients of panicle
weight weight, grain weight per panicle and 1000-grain weight of millet varieties were 13.5%, 13.5%
and 3.1% respectively, and the yield salt damage rate was 20.7%—63.4%.

AR MR, LRI, R AN (0~0.9%) FEUOLE AR T AL LIRS AR T MR, 0~0.3%IM 781 [43,45]
Photosynthetic HOR | AR BOR | SILTE TR, 0.6%~0.9%H} T a8 2% ; 7 #EEENaCl, Na,SO, Kbt
characteristics Chlorophyll, stomatal NaHCO, 158 R, M4 2 NaCLE IR K, 0.2%F10.4% 840 B4 3 X B R [5624.1% 0

conductance, transpiration  34.0%
rate, net photosynthetic rate  Under compound salt stress (0—0.9%), the net photosynthetic rate decreased due to the
decrease of stomatal conductance and transpiration rate. The transpiration rate and stomatal
conductance decreased rapidly at 0—-0.3%, and the downward trend slowed down at
0.6%—0.9%. Under the stress of neutral salt NaCl, Na,SO, and alkaline salt NaHCO;,
chlorophyll was most affected by NaCl. Under the treatment of 0.2% and 0.4% NaCl, the
chlorophyll decreased by 24.1% and 34.0%, respectively, compared with the control.
IRMEEIEBR RS A LEFSOD). £/l FSOD. PODMICATIEPERRfNA KA NS TG T I, HA5% A LA [20,22]
Active oxygen A YIEE(POD) . % R, A fbRESE S SOD>CAT>POD
scavenging system LS E#(CAT) Under salt stress, the activities of SOD, POD and CAT increased first and then decreased with
Superoxide dismutase the days of stress, and increased compared with the control. The change degree of activity was
(SOD), peroxidase (POD), SOD>CAT>POD.
catalase (CAT)
S gL . AERE . HFER  ABAWHEIREIRA AR BUR, 45 4 A BEs 1 A A e Tk, SR e IR IR TEPE, TAA - [54-56]
Hormone Abscisic acid (ABA), auxin  FIGA,BENSZE A £ o x4 no 105 &

(IAA), gibberellin (GA;)

ABA can induce a large amount of proline accumulation in plants, so as to maintain the
stability of cell membrane structure and improve the activity of protective enzymes. IAA and
GA, can also alleviate the damage of salt stress to plants.

Mo BN, Wang 25 5
KN SILEAI4 161533 hid .

XA TR AR kT,
NaCl 14§ ABA Jifrif

SRR W36 A6 30 35 0o AR v R T A T

i T bR A, SR SE R AR A TR

ZECE S

TRk LA, HAE SILEA14)5 31 #9-793 bp £|-77 bp
X3 % 5 10 S 4 ABRE-ACGT #% 0 i I X
TP, #E—2 38 i GUS & 3L KX 56 % B SiLEA14
Ja 852 %] ABA W3R, S NA FFh78 ABA
W K ZE R L AR A . T X S g IR R,

R A R A T SILEAI4 W 3006 1T e AR T
ABA. ABRE 1452 ABA 5533589 32 20 =01E H
JC A, W % 5 W] LA RN bZIP ¥ 5% [F - AREB/ABF 4%
A1 5 22 AN A, VF 2Rl Y bZIPs FE A
4 48 53R Whaa, B0 E ok ZmbzIP72"" . KA
(Oryza sativa L.) OsbZIP23"" | % %j (Vitis vinifera L.)
VvbZIP23"" F1 % il (Lycopersicon esculentum Miller)
SibzIP19 R A, 43 F v 5 LR SR B A R IR 5
SibZIP55. SibZIP50. SibZIP39 Fl SibZIP46 1ET 51§

T v 4 Y 3 i 4 R ) 2 3R Bk AR pBII21-SibZIP42,
AL FE I [Arabidopsis thaliana (L.) Heynh.] H- 4
%% SibZIP42 P FE I I T £ M K 6T ABA A 3 (1% g%
Pk, % 05 B A RUAH L, SibZIP42 %5 3 R U FG IF bk £
FERN 87 2 i B0 £R M Bk 2 2 =, W B T ABA R
SR AR A 1) R s A A T R

i 3 X ttﬂﬁ#%ﬁ%ﬂﬂ%ﬁﬁ%‘r?uuﬂﬁfﬁ%iﬂT
() 38 15 B S 40 2 PR SiRLK35 M SiPEPC 25 T 44 1
F4 T S5 30 7 A B B A g 25 R SiRLK3S
DRI S% A [i) 360 387 ) 5 A= i 7, 3F$%Di'“5¢£iﬂﬁ
JO7 55 A B 5, R IR AR 6 h 4 )ik B R Ak B A )
38 %A1 15 /%7, 250 mmol-L ™' NaCl 38 FiE S 19
SiPEPC 3Rk 15 i 5y (B R X BRI 9.96 4%, X386 5% 11 1)
R, BRI 4SRRI (R 3), AR TR
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