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Effects of TRIA—-LDH on physiological characteristics
of drought resistance in winter wheat
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Abstract: A pot experiment in the climatic chamber was conducted with the variety ‘ XR4347’ of winter
wheat. The experiment included three spraying types with commercial triacontanol microemulsion ( TRIA, T1),
LDH-loaded triacontanol nano-preparation ( TRIA-LDH, T2) and blank control (T3), and three water treatments
with 90% ( well-watered, W1) , 60% (moderately water—stressed, W2) and 40% ( severely water-stressed, W3)
of the field capacity. The reslut showed that: (1) Under the same water treatment, TRIA and TRIA-LDH treat-
ments had a positive impact on the net photosynthetic rate of wheat. Compared with the control treatment, under the
moderate water stress, TRIA and TRIA —LDH treatments increased the above-ground dry biomass of wheat by
69.9% and 32.7% , and the WUE by 32.2% and 16.4%, respectively. Particularly under severe water stress, the
TRIA-LDH treatment significantly decreased water consumption by 24.0% compared with the TRIA treatment. It
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concurrently increased above-ground dry biomass, leading to a significant improvement in WUE by 13.6%. (2) Com-
pared with the TRIA treatment, the activity of catalase (CAT) and superoxide dismutase (SOD) under moderate
water stress in wheat leaves sprayed with TRIA-LDH significantly increased by 2 folds, and SOD under severe wa-
ter stress in wheat leaves sprayed with TRIA-LDH significantly increased by 1 fold, indicating that TRIA-LDH had
a higher effect on antioxidant enzyme activities than TRIA. (3) Under severe water stress, the ABA content of
wheat leaves sprayed with TRIA-LDH and TRIA decreased significantly by 21.8% and 30.9% compared with the
control , indicating that exogenous triacontanol ( TRIA-LDH and TRIA) effectively alleviated the water stress on
plant growth by reducing the ABA content of leaves under severe water stress. (4) Under severe water stress, wheat
plants sprayed with TRIA presented a large Ca®" efflux in guard cells, while the Ca®* influx in guard cells of wheat
plants sprayed with TRIA-LDH was observed, demonstrating that plants had better absorption and utilization of
TRIA-LDH. Under water stress, TRIA-LDH enhanced the drought resistance and improved the WUE of wheat.
Therefore, LDH nano-carrier can be used to load triacontanol and achieve the efficient and sustainable regulation of
triacontanol to plants.

Keywords : triacontanol ; layered double hydroxide nano-carrier; winter wheat; water use efficiency; drought re-
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Fig.2  Variations of relative soil water content under

different treatments during water treatment period

1.3 MEmMBS7AE

SRRSO E - 53 ITE K 43 I8 5 31,38,
45 d 19 : 00—12 : 00 EEAZREHLLEI 1 7 A e
R E HOL G AR (P, pmol » m™ - 87 FE
FEHR (T, mmol - m™ - s7") FIKFLFE (g., mol
sm” e sTh) GRS 3 U E BE RS- ME ., D

Bl A REOG A VR N i R 48 (L1-6800, Li—Cor,
USA) , W i 738 12 % & A1 500 wmol » m™ -
s, CO, ¥ B 400 wmol + mol ™", M F IR &l 25°C
N 60% FAXTIRIE . - F ik st 2K 50 A AR (WUE,,
pwmol + mmol™ H,0) IHHE AT .
WUE, = P /T, (1)

PR AR A 5 25 (Ca™ ) . K43 il 51 d
Jei (B — IR ZE o) | i U Ab B8 1 23 50 4 JR I
Ayt R, HEE 45 A 00 22 A (NMT 100, Younger USA
LLC, USA) 5 M- F- 45 T 40 L iy Ca™ 3 >
Ca™ fEJEARM5E Ca™ Bl i, ML BT M
HE EYIF—4 8 mmx5 mm B H B, 7K & 75
B AR LB, w5 2 WA n A 5 mL I 22 % (0. 1
mmol « L' KC1.0.1 mmol - L™ CaCl, 0.1 mmol - L™
MgCl, 0.5 mmol - L' NaCl.0.2 mmol - L' Na, SO, |
0.3 mmol - ™" MES,pH {4 6.5) ¥ 10 min, f#fin}
A AU 3 3 B 5 3 I AR R BT 4 5 mL
BN R VR, I g R e e X B AL IR AT A
WY R E AR A R T 2 3 um Ab, D2
Ca” Y% 3 , fli Fi imFluxes 2.0 #4358 d 2 1
i, B4 s 0 RKE Tl O RS IE 5
min fFRE £

0 AR P TG P AR 2 0« WK AT —
ROKAEE 61 d) , BURE A/ INAZ 56 4 JR I 1) Hb 1348
W SRR A5 b R TR I DR A7 - 80°C B AIX
TUKFE Y, I R 0 R 2R 28 e 3 e 2 LT
TR I (AL o 2R3 R B A BR 2 w15 £
FE A AL S (CAT) it APl (POD) 4 1k
YIELAR T (SOD) i 6 i 5 1 FH AL 5 S WA £ A )
Fo A RS F) T I SR W B ( ELISA ) 2 31 £ 22 Jioi v
M2 (ABA) JRTEEER (GA,) ERKEK (TAA) M4 /3 2
R(ZR) &,

Hb B35 5 e R K 43 ) R 8GRI R < K 43 A B
62 d Ji, W45 A b AR AR AR, 40 ) 3 A AR
48 7E 75°C ML Z0E 55 AR+ T, B 1
Tt (g« pot™') o AW KB 7K 43 1) 0%
(WUE, g« L") JpHh b3 i 5 38 A 50 0 I FE
IKE(ET, L - pot™ ) I ELIE, /N2 A0 0 PN #E
K FH K P A 5 B

ET=1-AW (2)
o T IR I K S (L) AW RIS 45
Ay HEEKE(L) .,

1.4 EHES
% Fi Microsoft Excel 2019 #4785 2 Bl | SPSS
19.0 FEATHLRI Ry 20 A2 H T8, LSD ¥4 1



146 TR XA BT

o542 &

A b TR E] ) 22 5 8 M (P<0.05) , JH Origin 2023 %X
TR,

2 RS0

2.1 KOBMBETHEIE= X & /N EH EEHTF

JRE FEKEFEE WUE HS0T

H1& 2 WIHT, 7K S Ab 3 it A 2k 2 HAE B
P 0 2 /N2 M b AR B FEOK R WUE, 7S
AYTEIE T My b3 R R RE K RS 7 i Ak B A
S2M T 7K 0 WhE T Wi = - BEBE (T1 F0 T2 AbFE)
B R M b T R ARE K B, T K A i aa
T,T1.T2 AP A B3 B 430 b T3 Ab 3 i 2%
HEIM 69.9% F1 32.7% ; T LK 43 Wi T, T1 Ab 3 kb
ERT BT R A EE T2 RN T3 A3 SN 15.99%
28.7% ., MLAM,REE KA R T2 Ab B AE
JKESTILE T1 Ab 3R 5 25 BEAIR 11.4% F124.0%, HH
B3 0] I, /N b b3 R S AR K 2 R H A
FRPEIEAN GO A, 3581 Jo o il RE 7K o 14 ik
AT RARG , T b5 1 o e FNRE K f 1 R A B Y
/NAZ WUE , S8/ BEIE T Wit A 36 /N WUE 6
R P BEOK A E R T1 T2 A BRI /NEE WUE
I3 EE T3 Kb P 25 AN 32.2% A1 16.4% ; 5 7K 43
AT T2 Zb3RA/NE WUE 43 31 T1 A T3 Ab3 iR
FHEN 13.6% 1 22.7% (£ 2) .

FHEK Ay R R BRGNS T
FFEAK B (A, T2 A0 FRAE 8 K 20 Filkae 4 b
R EB B FRE K 4 ) B 7 43 E R S R AR
25.3%F01 14.4% ; £ 5 £ /K 53 W38 °F 43 51 bb 78 430
T 0 25 AL 44.9% F1 32.6% , b BE 7K 43 ik i %
F#AK26.1% 1 21.3% , T3 ALK Wria ™ () b5
T 5T i FIAEZK Tt 53 ) 5 70 50T TR Sl 2 PR AR 43.5% il
24.3%., T1 AFRP/NEFEK ETERS KRS T i
FAME, TR K A Al R M b R R R T o
WE R K 43 a6 43 310 4 3 R AR 39. 1% Al 33.2%
HREEAK G a2 BEAR/NE 9 WUE, T1 T3 4b3E
1)/NFE WUE TE 7K 53 038 T 4300 L 78 40 HE T8t 3
FIRAK 31.8% 1 29.7% , Hb v BE /K 3 Fip etk 3 BRI
6.2%F121.1% ; T2 ALY /NAZ WUE 18 58 B 7K 53 1o
TR FL 784V I G S AT 18.0% .,

22 KOMETHEE=HiREXNEZ/NEHFSE
ZHIN WUE,, WIS

i 4 AT, KA AE R /NEE PR WUE, A5
S TWSEF XN PLT N g A7 S
WSt =~ ot BE X /N 2 AR e A AR A, 840
FEWER T1. T2 AbHE P EE T3 &b FR43 510 & 2 18

®2 ARREKDFBEHELEIN L MEH FHTFRE,
FEKEMAK S F AR (WUE) K750
Table 2 Effect of different water and triacontanol treatments
on above-ground dry biomass, water consumption

and water use efficiency ( WUE) of winter wheat
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Above-ground dry Evapotranspiration Water use efficiency
Treatment . I 1 .
biomass/ (g + pot™ ) /(L -« pot™") /(g L)
TIW1 30.58aA 11.82aA 2.58aA
TIW2 27.88aA 11.54aA 2.42aB
TIW3 18.63aB 10.58aA 1.76bC
T2W1 29.16aA 11.95aA 2.44aA
T2W2 21.77bB 10.23bB 2.13bAB
T2W3 16.08bC 8.05bC 2.00aB
T3W1 27.35aA 11.79aA 2.32aA
T3W2 16.41cB 8.99¢B 1.83¢B
T3W3 14.48bB 8.86bB 1.63bC
B Significance
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H(P<0.05), # = A= = = 2pHIFIR P<0.01 Al P<0.001 ik,
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Note: Different lowercase letters indicate significant differences
among triacontanol treatments under the same water level. Different
capital letters indicate significant differences among water levels under the
same triacontanol treatment (P<0.05). * * and * * * indicate signif-

icance at P<0.01 and P<0.001, respectively. The same below.
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Fig.3 Relationship between above-ground dry biomass

and water consumption of winter wheat
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# % % and ns indicate significance at P<0.01, P<0.001 and non-significance, respectively. Different lower-

case letters indicate significant differences among triacontanol treatments under the same water level. Different capital letters indi-

cate significant differences among water levels under the same triacontanol treatment ( P<0.05). The same below.
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Fig.4 Effects of different water and triacontanol treatments on the leaf gas

exchange parameters and WUE;  of winter wheat
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Fig.5 Effects of different water and triacontanol treatments

on net Ca™ flux of leaf guard cells in winter wheat

R3 ARKGMBHELENENEMHFHEUBEENHESE

JYHEBE R, T1. T2 &b FEE POD 3543 5 e T3 Ab 3
S HETN 27.3% A1 30.2% , TREEIK ARG R, T2 Ak
PRI CAT F1 SOD JEME4¢ T1 AbBE & 3F 1m0 2 £%,
CAT %P Eb T3 4h P8 14 fin 70.8% , SOD & 4 5
T3 AbFTC B #5225, T1 A1 T2 ALBEAY POD 76140 2
EXRSFHALT T3 AbBH, HHEEK A EE R, T2 Ab B
[ SOD 7 4 dnb 2 1y T LA Ml b B, 9% M 24 2
Tl A B 2 4% T1, T2 ZEFEAY POD 3% 14 L
T3 RbFA4Y ) i KK 14.6% 1 15.5% ., T1 kb BRAE
FOTHEME T POD T 1 B v T K Ay B Ab FE, T2
AEBRFREEK A3 W30 R SOD 35 7 Fe 7843 HE 18 40 3 i
FEHIM36.4% , 10 POD 1% M i 3 P AI% 28.9% ; T JE K
S3IHATS CAT A1 POD M43 1) b 7853 B Ak 34! ik

skl

Table 3 Effects of different water and triacontanol treatments on leaf antioxidant

enzyme activities and hormone contents of winter wheat

BUAAALEEEE/ (U - mg™! -

min~")

MESE /(ng-g")

s Antioxidant enzyme activity Hormone content GA;/ABA IAA/ABA 7ZR/ABA
Treatment :
CAT POD SOD ABA GA, TAA ZR
T1W1 0.41aA  43.18aA  0.08aA 44.08aA 394.0laA  299.71aA 40.23aA 8.98bB 6.82bB 0.91bA
T1W2 0.27cA  32.28aB  0.05bA 30.91aC 307.89aB  233.44aB 30.93aB 9.96abB 7.56aB 1.00aA
TIW3 0.46aA  34.27bB  0.08bA 35.74cB 408.78aA  317.53aA  36.61aAB 11.44aA 8.88aA 1.02aA
T2W1 0.64aA  44.19aA  0.11aB 44.66aA 400.58aA  333.62aA 35.53aA 8.98bAB 7.48bA 0.80bAB
T2W2 0.82aA  31.40aB  0.15aA 30.71aC 342.65aAB  200.70aB  31.01aAB 11.21aA 6.54aAB 1.02aA
T2W3 0.28aB  33.92bB  0.15aA 40.45bB 266.39bB  213.32¢B 23.30bB 6.58bB 5.27bB 0.57bB
T3W1 0.41aA  33.92bB 0.09aAB 26.33bC 383.20aA  334.05aA 41.31aA 14.58aA 12.70aA 1.57aA
T3W2 0.48bA  37.69aA  0.18aA 30.78aB 257.84aB 240.60aB 36.07aA 8.35bB 7.82aB 1.17aB
T3W3 0.47aA  40.13aA  0.07bB 51.76aA 296.83bB  248.00bB  29.62abA 5.74bC 4.79bC 0.57bC
I F M Significance
KIPIEFR(W) ns * %k * ® ok k ® ok * ok ok ® ok ok R ® ok ok ® ok ok
Water treatment
WA (T) % % ns R * RS * * * e R
Spaying type
7j(§;}~><ﬂﬁ:?ﬁ@ﬁ‘§*** H* ow ok S RS * % ] ns %k * ok ok * Kk ok

(WXT)
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PR ERE KA A R B POD 5 1 HE AR 4 E AL
T3 53] 5 25 B 11.19% F1 18.3% , 111 7K 43 k38 T £
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T3 AbFR R E N 34.3% , FREK AT HE T T1,T2 4b
PR M R ABA 4 Sl E T3 Ab HE B 3 R AR
30.94% 1 21.84% ; St 50 HEWE T, Wit — e B (T1
T2 AbEE) fgF - ABA & i 5 S T T3 AbBR, K
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MR GAy JAA ZR % & K& IAA/ABA W E KT
FEOTHEBRAL S, T BE K A3 E T ) TAA B i i AR
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GA; JAA ZR & 2 24 1 AR T 55 70 HE Wk 4k 242 ) B
FEK 3 38 T B GA,/ABA Hl IAA/ABA 3 & T
FOTHEWE, T3 AL NE T E EEBIE T
GA; JAA S5 R Lo ) 34 1o A% T 50 4 E Bk, Tk
YA ABA it i & T R

3 %F ®
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