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Effects of strigolatone on the growth and development of chilli pepper

under salinity, heat, and their combined stresses
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Abstracts: This study employed a split-plot design to investigate the mitigating effects of exogenous strigolactone ana-
logue GR24 on pepper (Capsicum annuum L.) seedlings subjected to salt stress (S, 150 mmol- L' NaCD), heat stress (H,
35 °C day/28 °C night), and combined salt-heat stress (S+H). The main plots comprised four stress treatments: control
(CK, normal conditions), salt stress (S), heat stress (H), and combined stress (S+H). The subplots consisted of five
GR24 concentration levels (GO to G4: 0, 0.05 x 10, 0.1 x 10, 0.15 x 10°, 0.2 x 10° mol-L"). A comprehensive assess-
ment of stress resistance capacity was conducted by measuring thirty-four parameters encompassing seed germination,
morphological and physiological traits, photosynthetic characteristics, nitrogen metabolism, and yield, with data integrated
using the fuzzy membership function method. Results identified 0.1 x 10° mol- L' GR24 (G2) as the optimal concentra-

tion across all stress conditions, significantly enhancing pepper stress tolerance and physiological metabolic functions.
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During seed germination, exogenous GR24 (0.1 x 10° mol- L") significantly alleviated the inhibitory effects of all stress-
es: increasing the salt-stressed (S) germination rate by 10.59%, restoring the heat-stressed (H) seedling survival rate to
78.08% of CK, and increasing the combined-stress (S+H) germination rate by 30.67%. However, under S+H, the seed-
ling survival rate remained 6.64% lower than under S alone. During the vegetative/growth stage, S-G2 treatment signifi-
cantly restored plant height and single fruit mass to near CK levels compared to S-GO. Relative to CK-GO0, S-G2 exhibited
a net photosynthetic rate (P,) of 16.78 pmol - m™ - s, a recovered SPAD value of 39.67, nitrogen metabolism enzyme
(NR, GS) activities reaching 82.01% and 80.36% of CK, fruit capsaicin content restored to 94.40% of CK, and total yield
recovered to 89.61% of CK. Under heat stress, H-G2 treatment demonstrated significantly superior root activity and super-
oxide dismutase (SOD) activity compared to other H treatments. Proline content in H-G2 decreased by 35.40% relative
to H-GO, approaching CK levels, while yield per plant recovered to 84.42% of CK. For combined stress (S+H-G2), root
surface area and Pn were significantly higher than S+H-GO0. Comprehensive evaluation confirmed that GR24 provided
superior mitigation under single stresses compared to combined stress, with respective comprehensive values of 0.76 (S),
0.68 (H), and 0.61 (S+H). In conclusion, exogenous GR24 at 0.1 x 10° mol - L" effectively mitigates the inhibitory
effects of single salt and heat stress on pepper, restoring key physiological and yield indicators to 76%-95% of CK levels,
thereby offering an efficient physiological regulation strategy for cultivation under adverse environmental conditions.

Key words: Pepper; Salt stress; Heat stress; Salt-heat combined stress; Strigolactone; Physiological regulatory mechanism
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Table 1 Physical and chemical properties of soil in the test site

sk wCHHLED w(Eh) wOHRLED wOH ) wOH R
I;‘ d;\ pH Organic matter content/ Total salt content/ Fast-acting nitrogen  Fast-acting phosphorus Fast-acting potassium
X
(g-kg" (g-kgh content/(mg-kg™) content/(mg-kg™") content/(mg-kg™)
HfH Value 8.3240.12 12.67+0.89 1.93+0.15 84.56+3.45 14.89+1.23 218.34+12.3
x2 AEMEESEHSH
Table 2 Structural parameters of the facilities at the test site
Bt A Sz B % it
Type of facility ~ Structural parameters Environmental control equipment Cover material
EHRIEERE S 8 m, B 4.5 m, K 50 m, AR 400 m*  AMNEERH GEYEEE 75%) W AT- AR RS 5 mm VHEIE, B FE=85%

Glass greenhouse Span 8 m, shoulder height 4.5 m, length 50 m,
area 400 m?

External sunshade (75% shading), wet
curtain-fan cooling system

5 mm float glass, light transmit-
tance =85%

1.2 R

12,1 AF 8 AP B2 Bk BUH KL I 1 Bl
10 5 BAMURl 7, 4 A 1% K &R 44 2% 1 I 2
10 min. 25 B F/K M 5 WG BENL N 16 41, &
H 50 Ki. 58T 2024 4 10 Hi#4T, GR24 b3,
HHE 0(G0).0.05(G1).0.10(G2) .0.15(G3) «
0.20 (G4)x10° mol - L %% 5 AN & 86 15 , >R F 16
FIR A 12 h(25 °C) , X HE 20 1 FH 45 2 78 A /K Ab 3
GR24 4b B 45 3 J5 K 7 19 513 T K 18 8 A 2
CHIXF 2 7K 2 60%) 1 72 FLE M4, B T AN LA0%
F OB R 200 pmol -m2- s, Y& A 14 /10 h) .
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IR ER CH I, I I I A RS S A I I 5 K
(PSYPRO #4¢) 516 )% (HOBO ki 140 . %
JilpiE AbEE R RS 15 do

122 #RAFWHELAE KH 2 ABELHER
B CRFLAER 35 mL) , FLIE 5.5 cm, fL4% 3.8 cm, #ff
MW ARKE M RS X &, F X AMEE
A, CK: IEH 2610 (25 °C/18 °C, L b i) ;S 2h i
iH (NaCl 150 mmol - L) s H: #4 B 38 (35 °C/28 °C)
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Table 3 Environmental monitoring data
GRS Rl H ¥ bS53 JEHE R CO MR
Growth stage Average daily temperature/°C Humidity/% Light intensity/(pmol-m*-s") CO, concentration/(umol -mol™)
H 11 1 Seedling stage 25+1 7045 200+20 400+30
SEFH-FF1E Planting - flowering stage 2842 65+5 600+£50 42040
25 53 Fruiting stage 302 60+£5 800+£50 45050

x4 FRMELEBHKE—FLERAR

Table 4 Integrated water and fertilizer management scheme for the whole life cycle of pepper

FBEH LA

A ‘ it (HEPEE & U Er S
EHM Rl R K e b A - Nitrogen, phosphorus E{Eﬁﬁ,ﬁ% RS AR .

. . Fertilizer dosage/ . Application Frequency and volume of drip irriga-
Growth stage  Fertilizer types and ratios (ke hm™ and potassium thod i

~hm my ion
£ ratio(N-P.O-K,0) 0 ¢
B MEHETR KV IE (20-20-20) 3 1011 WL R 5 3 d,5 mmGEFREE 60%)
Seedling stage Alginate water-soluble fertilizer Spray system 5 mm every 3 days (60% substrate
(20-20-20) moisture)

SE LT JEAESE + EANLA5-15-15) 5000 + 600 AHLTHL I TR /

Rotted sheep manure + Compound
fertilizer (15-15-15)

Pre-planting

e R A (Ca HE=10%) 15
Seedling Amino acid chelated calcium

restoration stage (Ca content=10%)
BN R4S (15-0-0 + 18% CaO) 75
Bud break stage Calcium ammonium nitrate

(15-0-0 + 18% Ca0)

HIAEH JRE + R 440 + EDTA-Fe  120+30+0.5
Anthesis stage Urea + Potassium dihydrogen

phosphate + EDTA-Fe
BETE AL LB K IR (12-6-30 + 2% MgO) 150
Flowering Water soluble fertilizer
stage- (12-6-30 + 2% MgO)
fruitingstage
i K3 BRERHT LKA L (10-5-35) 180
Fruit expansion Potassium sulfate type water-
stage soluble fertilizer (10-5-35)
et 3] TR — S + HE 0.3%¥A 1
Color changing Potassium dihydrogen phosphate + 0.3%
stage glycol boron solution

Organic and
inorganic synergies

RN

Calcium supplemen-
tation with high
nitrogen

4112+ EIGER
411:2 + trace
elements

R

Low phosphorus
and high potassium

e e
Ultra high potassium

0:1:1+ 5wk
0:1:1+ boron
fortification

Furrowing and
deep tilling
i

Drip irrigation

SEMEE 3 d,30 mm
3 d after planting, 30 mm

T

Drip irrigation

& 7d,40 mm(2 O
40 mm every 7 d (2 times)

THE
Drip irrigation

5 d,50 mm(3 %O
50 mm every 5 d (3 times)

T

Drip irrigation

7 d,60 mm(4 7K
60 mm every 7 d (4 times)

THHEHIT RIS 4% 5 d, 70 mm (5 20O

Drip irrigation 70 mm every 5 d (5 times)
+ foliar spray
T [ 58

Foliar spray

W HEV A 2 40 mm(2 70
Drip irrigation reduced to 40 mm (2
times)
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Table 5 Other cultivation management measures

TiH i SIESD R L

Item Measure Frequency/dosage Note

k254 WAL, PR B 2R+ — A SEME 15 d I BERMEET 1K
Prune Double stem pruning, retaining main stem + first Starting 15 d after planting Trimming once a week

lateral branches

0.3% S HlI % + 31tk duti
0.3% picloram spray + yellow sticky boards

Bh N LIRS E R

Pollination Artificial vibration-assisted pollination

i LB

Pest control

Flowering period 09:00—11:00 daily

15 d W5Hti ,20 J+667 m* TRPTEF 2L AR R
Spray every 15 d, 20 tablets- 667 m” Prevention of aphids, whiteflies
FEWIEEH 09:00—11:00 P AL R

Improvement of fruit setting rate

PRI 6 RS E ST . bR o BRI & T & AR
e U B, 2R T s R RO s A 2 AT A B
o R R AR (WInRHIZO £ 40) 4 H7 P14
RAMMRK AR RRER . KA BT KPR
FERIEE &, 80 cCHL T EE R B G MR T &E. K
F TTC 320 5 it S 3 14 C DA SRS I () 5045 65 )
2 U R MR R B R o), SR B U Rt
(SPAD-502) | 5& Yy e i 71 &% SPAD {H , B #k 3 Ik
HE.

133 Ae5AARHEAK YIS 30 K)
09:00—11:00, B A5 F5 B F5— BRI 6 1K
AV EE . KA OB A A (LI-6400XT)
SETIREMT I POFEAHER) . GRILTE .GUR
W] CO, W)\ LB EZE) , LR E R E N
1000 pmol - m?2-g1FY,

134 MAKRAESZE BT R ENE £
(55 30 RO AR BCK 3 — S AR 6 X2k
ViR . R U DU (NBT) Y68 J5 323 52 8
AW HALEE (SODD v 14, SR FH 0 B AR Wik I 2
i A AL P (PODD ¥ 1, SR 58 RSk I e ik
AAE (CAT W& 1%, K H B AR E L Z 2 (TBA)
00 5E T B (MDA & &, >R HL 5 230 7 v
il S0 Y5 375 26, SR FH B 2 7K A B2 - 1 = T ¥ 0 o i 2

135 R R EE AP 50 K)HL
FE, R ECER OR AT, BN T R K 35— UM AR D 6
WA EE . KR B AR (% Bk e
NO, A B P NR Ol BRI R ) 5 1, K ¥4 iz
N E GS (A 2Bk i B i) v P, SR 0 e e
EME GOGAT (B2 R & 1) - AS CR A& Ik i & Ak
D T

13.6 ~E5RFESRMAG4 18RS Rk # Y
(FEFP S 96 D HURE , AT br il 6 IRAEDFEE .
K L7 RSP AR E BT SR A < RO = 2R
114 -

S b IR BE D IR AR BE R e ROV A 1
(HPLO) 73 55 i€ S e B . SRS &, K
FF R 6 A0 5 SR S5 JR 9 00 T I 1 [ R
&,k 2,6- S EEmy ekl i A R C F R,
K AE AR TR W ] v 1 BE &, SR NaOH
T I E AN & &, THAEORER LY. Gt
R B A S R, 4% P B R T SRR T R S
PR
1.4 HUELIE

{8 H Excel 2021 4b 2R %43 , £ FH SPSS 26.0 i
1T ¥R 2 7 Z 79 BT (One-way ANOVA) 5 Duncan’s
ZHEEE.
1.5 GRUFIEHN X FRZE

AHIFFE R FH = ik 22 12X [e] U A R ) 8 GR24
FER RN Z 5 FAR T V00 R < 8 el i 1R 56 A
5E GR24 A %0K 5 Y5 H (0~0.4x10° mol - L), % &
5 N (0.0.05.0.10.0.15.0.20x10° mol - L) , %
ANALER 3 R EE T 31 T AR AR bR A S2 I %
P, 0 0% R 2 Rt a R (P VR B A
I HE N AR T, R BN IRVERL A IR R
(Y=aX*+bX+c), (X)) N GR24 WK JE, (V)
N B FRFEAME s i@ T EENE R B (a, b, ) VRE R
(R Je i 2 MEA 586 (ANOVA , P<0.05) , 36 I #5 7Y
A SRR @I SR Tk (X = -b/ Qa) i 5E , I
gh 45 SR AR W S 808 Can S g BB S A VE 4) BRAIE
PR TR TG B, B & N BN K R
1.6 MEEMBHLEETTEN

K P BB S5 R B0 SRk VE AR S R A B 1 T
Joih 81 o AR SR JE BRI SRR TR B on A PR A%
VAL I R - b NG I NI I S ER
Foip 38 2H D TR B SE I FE AR Cln P ARG S BRARER
BN 0~1 FRAEREE . 1R R FRFR (P
PR D KR BB R w = X))/
(XX » SRV TR AR (BT i 32 4R B0 K B2
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TR 8BRS S X A X T A0 B b % 45
B 16 856 K S B /IME s PR FR AR Can SPAD L BE R LKD)
K = AT B 1= X=X/ Xoanee Ko N ERAAE
Xoawge NIV ZETE D o B 210 MB35 (B E AR
F R TTRR R ED TR S B R A KR, &
AOAS 7] P 1 AL B2 ) 2 RO 55

2 AR50

2.1 AEIEST 3 MEME T ERMMF B SR
% 6 A4, 5 CK-GO ML, 2Rl (S-GO) .
2 00 1) SBARURT T A, K BF 6 (73.45%) K HF
(65.34%) 1 11 2 (68.92%) i CK-GO 73 5 T %
21.96%+20.75%-23.62%. 5 S-GO ML, %0 0.10x
10° mol - L' GR24 (S-G2) J& , B Fh 7 & 2F %
(81.23%) K 2 34 (72.45%) A7 1 F (75.34%) i %
WA, 73 liEE] CK-GO £ 86.30%-87.87%+83.50%,
T HAlR BT . B A (H-GO) F AR 1 & 28 %
(68.92% ) FIAF 1 % (62.34%) 5 CK-GO T B& &
2,1 0.10x10° mol - L™ GR24 (H-G2) &b B 48 H: 43 5
BEWREE 75.67% 70.45% , (H 0K 55 F E phria
H. B4 Wria (S+H-GO) M HI1F & 58 (R FF

&6 AREIALIEXTFFHALZ RIS
Table 6 Effect of different treatments on seed
germination %

WE RIEE R R
Treatment Germination rate Germination potential Seedling survival rate
CK-GO  94.124#2.35a 82.45+3.12 a 90.23+2.89 a
S-GO 73.45+3.12d 65.34+2.89 d 68.92+3.01d
S-Gl 77.89+2.98 ¢ 68.82+3.01 ¢ 72.1242.67 ¢
S-G2 81.23+3.12 b 72.45+2.89 b 75.3443.01 b
S-G3 79.56+3.01 b 69.89+2.67 ¢ 73.45+2.89 ¢
S-G4 75.1242.95 ¢ 67.344+2.56 ¢ 70.23+2.78 ¢
H-GO 68.92+3.45 ¢ 58.67+2.78 e 62.34+3.12 ¢
H-G1 72.34+3.12d 63.45+2.89 d 66.78+2.67 d
H-G2 75.67+2.98 ¢ 68.12+3.01 ¢ 70.45+3.01 ¢
H-G3 73.89+3.01d 65.23+2.67d 68.34+2.89 d
H-G4 70.56+2.95 ¢ 61.45+2.56 ¢ 64.12+2.78 ¢
S+H-GO 58.34+3.45 f 43.67+2.78 £ 51.2343.12 f
S+H-G1  68.89+2.98 ¢ 57.82+3.01 ¢ 63.12+2.67 ¢
S+H-G2  76.23+3.12 ¢ 66.45+2.89 d 70.34+3.01 ¢
S+H-G3  72.56+3.01d 62.89+2.67 d 67.45+2.89 d
S+H-G4 69.12+2.95 ¢ 59.34+2.56 ¢ 65.23+2.78 ¢

W RS R AN AN S BER R AL B AE 0.05 7K -F 22 57t i
. T,
Note: Different small letters after the same column indicate signifi-

cant difference between different treatments. The same below.

58.34% A7 11 % 51.23%) , {H S+H-G2 Ab# (0.10x%
10° mol - L' GR24) & #& T+ 2 76.23% 1 70.34% ,
WA ZAy HIE 30.67%H1 37.30% , K 2% R B ERT
S+H-G1(68.89%) Fl S+H-G3(72.56%) . & F%%
fift ol 38 Kb BE AR, B AR AR BEOA S-G2LH-G2. S+H-G2
(¥4 0.10x10° mol - L' GR24),
2.2 AEIRCIEFT 3 FhAhE T #R 4 & 2 S e AR A
A

2 7 Al %0, 2h A (S-GO) 5 Bk Wbk =
(11.34 cm) « Z2H (2.41 mm) 1R K (8.67 cm) i
CK-GO %3 % N B# 30.13%.25.85%+33.92%. 0.10x
10° mol - L' GR24(S-G2) . 2 % & #k 1 (14.56 cm,
N CK 1] 89.71% ) « 25 #Hl (2.89 mm, & CK 1]
88.92% ) + ¥ & (11.34 cm, A CK Y 86.43%) ,
H AR R F M M (32582 cm®) A AR R 35
(39821 U-g'-h"D 7 alik CK i 84.49% A
88.04%. FWrid (H-GO) AL X B ZE KL (2.12 mm)
FHIE I 2 2%, B CK-GO T F% 34.77%, H-G2 4t
A BARCERL K 2 2 2.67 mmCA CK 1] 82.15%) ,
WARIE /(35776 U-g'-hDik CK 1) 79.11%. E&
JBy 38 (S +H-G0O) N # & X 7.89 em (N CK )
48.61%) , S+H-G2 4 H & 3 2 F+ & 12.67 em(Cly
CK 1] 78.07%) , iR RKHALQ278.51 em®) AR R 1% )
B1285U-g'-h) 73 Ak H & CK 1] 72.23% M
69.18%. TSI AL EE b, B AL EE 73531 Ry
S-G2.H-G2.S+H-G2.
23 AEIRCIEFT 3 FhAE TN E &R
20

M2 8 Al 401, 5 CK-GO b, £ i id (S-GO)
™ BMU %) T P, (1456 umol - m? s L G,
(0.25 mol-m”-s) 77l T B 24.28%+26.47%, 1M C;
(278.45 pmol - mol') Jt 15 7.78% . 0.10 pmol - L'
GR24(S-G2) & F K E P,(16.78 pmol -m?-s") % CK
] 87.26% , G.(0.28 mol -m™-s) % CK [ 82.35%,
HFEAK C & 268.45 pmol - mol !, 3T CK /K F. 5
CK-GO #H Eb , #4 i 38 (H-GO) N B A 40 B 1
P, (11.23 pmol -m™-s") fl G,(0.19 mol -m™-s™) [F
g 5K, 4 Gl ik 41.60% + 44.12% , H-G2 4b #
ffi P,k B & 1456 (A CK 1 75.72% ) , C
(285.12 pmol -mol) % H-GO F & 6.55%. & &
B (S+H-GO &Ml /EH & & % , P AU N
6.45 pmol - m? - s', G, U} 0.11 mol-m”-s",{H
S+H-G2 b ¥ % F e+ P & 14.78 pmol - m” - s
(N CK 1 76.86%) , G.(0.26 mol - m2 - s VIKEE
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Table 7 Effects of different treatments on morphological indexes and root physiology of pepper seedlings

wE 0 Rk i TR B
Treatment  Plant height/cm  Stem thickness/mm Root length/cm  Fresh mass/g Dry mass/g area/om? (U-g'-h")
CK-GO 16.23+£0.92 a 3.25+0.14 a 13.12+1.02 a 8.45+0.56 a 1.23£0.09 a 385.61+18.22a  452.30+21.54 a
S-GO 11.34+0.78 g 2.4140.12 g 8.67+0.67 g 5.23+045 ¢ 0.72£0.07 g 187.52+12.31 g  218.73+15.62 g
S-G1 12.89+0.84 d 2.58+0.11d 9.45+0.73 f 5.98+0.43 f 0.85+0.06 f 234.64+13.80 ¢ 268.44+16.21 f
S-G2 14.56£0.91 b 2.89+0.13 b 11.34+0.81 b 7.12+£0.49 ¢ 1.05+0.08 ¢ 325.82+16.54b  398.21+19.75 ¢
S-G3 13.67+0.85 ¢ 2.73+0.10 b 10.67+0.78 b 6.45£0.47 ¢ 0.92+0.07 ¢ 278.94+15.11d  324.63+17.83 ¢
S-G4 12.12+0.79 f 2.50+0.09 f 9.12+0.70 £ 5.78+0.44 f 0.81£0.06 215311423 f  245.25+16.00 f
H-GO 10.56+0.65 h 2.1240.11 h 7.89+0.56 h 4.45+0.41 h 0.61+0.06 h 158.40+£10.51 h  185.17+12.90 h
H-G1 11.7840.73 g 2.34+0.10 g 8.56+0.65 g 5124042 g 0.73£0.07 g 198.74+12.12 g 236.46+14.32 g
H-G2 13.3440.82 ¢ 2.67+0.12d 10.23£0.72 b 6.78+0.51 d 0.98+0.08 d 296.31£1590 ¢ 357.76+18.60 d
H-G3 12.4540.77 £ 2.52+0.11 £ 9.34+0.68 £ 5.89+0.46 f 0.84+0.07 £ 245.82+13.73 ¢ 284.08+15.43 f
H-G4 11.23£0.71 g 2.2840.09 g 8.23+0.62 g 4.89+0.43 g 0.68+0.06 g 172.62+11.82h  202.36+13.74 h
S+H-GO 7.89£0.61 i 1.75+0.12 i 5.34+0.48 i 2.98+0.32 i 0.41£0.05 i 102.30+8.71 i 132.55£10.24 i
S+H-G1 9.12+0.68 h 1.9840.10 h 6.45+0.57 h 3.784£0.35 h 0.53£0.05 h 145.63+9.80 h 178.40+11.52 h
S+H-G2 12.67+0.85 ¢ 2.56+0.11 ¢ 9.12+0.74 f 6.23£0.48 ¢ 0.91£0.07 ¢ 278.51+14.34d  312.85+16.83 ¢
S+H-G3  11.3440.79 g 2.34+0.10 g 7.89+0.65 g 5124044 ¢ 0.72+0.06 g 198.44+12.53 g 225.67+14.11 g
S+H-G4 9.78+£0.72 h 2.05+0.09 h 6.78+0.60 h 4.23+0.39 h 0.58+0.05 h 156.32£10.60 h ~ 189.46+12.42 h
*8 ARAENESHAIFA
Table 8 Effects of different treatments on photosynthetic parameters
I S AL HulF] CO, WK MR SPAD i
Treatment P./(umol-m?-s1) GJ/(mol-m?-s) C/(pmol -mol™) T/(mmol -m?2-s™) SPAD value
CK-GO 19.23£1.12 a 0.34+0.02 a 258.34+11.18 d 4.12+0.23 a 42.56+1.89 a
S-GO 14.56+1.05d 0.25+0.02 d 278.45£12.27 ¢ 3.56+0.21d 37.12+1.78 d
S-G1 15.89+0.98 ¢ 0.27+0.02 ¢ 272.34+11.76 ¢ 3.78+0.20 ¢ 38.45+1.65 ¢
S-G2 16.78£1.05b 0.2840.02 b 268.45+12.26 d 3.9240.19b 39.67+1.72 b
S-G3 15.3440.96 ¢ 0.26+0.02 ¢ 275.23£12.10 ¢ 3.65+0.18 ¢ 37.89+1.68 ¢
S-G4 14.23£0.89 d 0.24+0.02 d 280.56+12.52 ¢ 3.4540.17d 36.78+1.60 d
H-GO 11.23+0.98 f 0.19+0.01 f 305.12+12.91 a 2.89+0.19 f 32.67+£1.65 f
H-G1 12.45£0.87 ¢ 0.21+0.01 ¢ 295.34+12.44 b 3.1240.18 ¢ 34.12+1.58 ¢
H-G2 14.56+0.98 d 0.23+£0.01d 285.12+12.88 ¢ 3.45+0.17d 37.45+1.62 d
H-G3 13.67£0.92 ¢ 0.22+0.01 e 290.45+£12.57 b 3.23+0.16 ¢ 35.89+1.55¢
H-G4 12.34+0.85 f 0.20+0.01 ¢ 298.78+12.68 a 2.9840.15 f 33.56£1.50 f
S+H-GO 6.45+£0.78 h 0.11x0.01 h 335.67+13.49 a 1.8940.15 h 28.34+1.56 h
S+H-G1 8.23+0.82 g 0.15£0.01 g 318.45£13.16 a 2.12+0.14 ¢ 30.12+1.48 ¢
S+H-G2 14.78+1.05 d 0.26+0.02 ¢ 285.45+12.25 ¢ 3.45+£0.21d 38.12+1.78 ¢
S+H-G3 12.56£0.97 ¢ 0.20+0.01 e 302.34+12.77 a 2.78+0.16 f 33.45£1.52
S+H-G4 10.34+0.88 0.1740.01 310.23+13.09 a 2.34+0.15 g 31.23+145¢

CK 1] 76.47%, H. SPAD {H(38.12)y CK ] 89.57%. 1E
“RM B R F S 7N S-G2 \H-G2.
S+H-G2,
24 AEIEXS 3B TEMLEERI LR
1 KB E BT R A SN

f2% 9 A4, 5 CK A EL , AR a AP 3 4
R BB E R T B R . X
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Table 9 Effects of different treatments on oxidative damage and osmoregulatory substances in pepper seedlings

e A B EYE R EAEREE b REEER  wUliEAR)
Treatment SOD activity/ POD activity/ CAT activity/ MDA content/ Electrolyte Proline content/
(U-ghH (U-g' min™) (U-g!' min™) (nmol-g") leakage rate/%  (pg-g"
CK-GO 58.31+3.18 a 120.53+6.76 a 45.62+2.45 a 8.17£0.47 d 12.27+£1.09 d 35.55£2.08 d
S-GO 34.70+2.08 68.44+4.15 22.27+1.80 f 24.54+131 a 35.61+£2.54 b 78.86+4.54 a
S-G1 41.21+2.47d 82.33+4.82 ¢ 28.60+£2.07 e 19.81£1.10 b 28.68+2.12 b 65.37£3.81b
S-G2 52.75£3.09 b 110.24+6.21 b 40.11£2.27 b 12.43+0.87 ¢ 18.88+1.50 ¢ 48.18+2.87 d
S-G3 46.46+2.67 ¢ 95.55+5.41 ¢ 34.52+2.00 ¢ 16.31+1.00 e 24.47+1.82 ¢ 58.68+3.51 ¢
S-G4 38.86+:2.28 ¢ 75.16+4.50 £ 25.36£1.93 ¢ 21.61+1.21 ¢ 31.17£2.30 b 72.27£4.21b
H-GO 29.80+1.86 g 58.25£3.90 g 18.67+1.54 ¢ 28.30+1.54 a 42.46+2.79 a 85.59+4.86 a
H-GI1 36.42+2.17 ¢ 72.46+£4.33 f 24.25+1.71 f 22.75+1.32b 35.75£2.38 b 70.20£4.10 b
H-G2 49.64+2.85 b 102.37+5.82 b 38.16+2.17 b 15.70+1.03 ¢ 21.26+1.65 ¢ 55.31£3.17 ¢
H-G3 42.83+2.46 d 88.65+5.08 d 30.47+1.86 d 19.37£1.07 b 28.90+2.00 b 63.81£3.68 b
H-G4 33.12+2.00 £ 65.15£4.01 g 20.86+1.55 g 25.52+1.42 a 39.42+2.57 a 80.11+4.62 a
S+H-GO 18.51£1.51 h 42.274£3.16 h 12.43£1.15h 35.76+1.83 a 55.61+3.47 a 98.42+5.67 a
S+H-G1 25.60+1.80 g 58.66+3.75 ¢ 18.88+£1.42 ¢ 29.35+1.64 b 46.33£3.00 a 86.73+5.00 a
S+H-G2 44.57+2.63 ¢ 94.47+£528 ¢ 35.76£2.13 ¢ 18.19+1.21 ¢ 26.71£2.17 ¢ 62.45+£3.55 ¢
S+H-G3 32.78+£2.11 f 73.62+4.39 f 26.27+£1.65 ¢ 24.09+1.29 b 37.80+£2.69 b 77.20£4.51 b
S+H-G4 22.36+1.67 h 50.20+3.53 h 15.56£1.58 h 32.67+1.65a 50.23£3.27 a 92.33+£5.40 a

E PEARBAN S B R ABRE 1 , 530 MDA | HL R
BEFMMER S & WET . S-GO AL BRHHIA) Hi
SOD 1% 34.70 U-g"', POD iX 68.44 U-g"'-min"', CAT
%2227 U-g"-min"'; H-GO 4b B Bk #4111 SOD &
29.80 U - g" POD i% 5825 U - g'-min', CAT &
18.67 U-g"'-min"; S-GO AbFEHANLN T MDA &84
24.54 nmol - g, il 2 R & & 78.86 ng-g's H-GO 4b 2
B4 MDA 554 28.30 nmol - g, &R & &
85.59 pg- g, KW B 175 T IR I AU M 4 i
. AR, S-G2 1 H-G2 4b F i i $#2
7 SOD (52.75 Al 49.64 U-g ") .POD (110.24 Fl
102.37 U-g"-min") .CAT(40.11 #138.16 U-g " min™)
WV AR R T A A (MDA F 43 0] FEAR
% 12.43 A1 15.70 nmol - g, fill &2 % & 70 )l f% &
48.18 Fl1 55.31 pg-g") , KW G2 Ak HE X} iy & (1) 1&
SRR B ER T HAMBE(G1.G3.G4) . S
JHir 18 C S+H-GO) Xt &)y i (1) 45247 f A 7™ &, H MDA
P & (35.76 nmol - g') LA 51515 % (55.61%) Fll
il = R & & (98.42 ng - gD B IE F i E TS+
H-G2 4k 238 ik $& F+ SOD (44.57 U - g') . POD
(94.47 U-g'-min") .CAT(35.76 U-g"-min" ) 3%,
oA T B R ) ABAT) B AR T 2 e —
B8R A AL BE (S-G2/H-G2) .

2.5 AR 3 FhAME T ER 4 & AR
ez 0pAl

i 10 A %0, 35 W38 (S-GO) & 2 I #] NR

(789 U-g"-h").GS(0.32 U-mg)if M, # CK 45
T B 36.06%42.86%. 0.10 pmol - L' GR24(S-G2)
{f NR(10.12 U-g"-h").GS(0.45 U-mg )G Ik &
% CK 1 82.01%-+80.36% , GOGAT(0.92 U-mg™) fll
AS (0.63 U - mg D i 1% 4> il 15 CK B 74.80%
80.77% - # b i (H-GO) X GOGAT 3iif %
(0.58 U - mg™") il 255K 56 25 CT P& 52.85%)
H-G2 4 ¥ F+ GOGAT 7514 % 0.85 U-mg' Cy CK
K] 69.11%) , AS ¥ 1 (0.59 U-mg D Tk & £ CK I
75.64%. A HHE (S+H-GO) N NR(4.23 U-g'-h")
1 GS(0.18 U-mg ") i M i ik , S+H-G2 AL A NR
(8.78 U-g'-h") A GS(0.38 U-mg ) iE 4 S+H-GO
I3 BHRTE 107.57% 111.11%, 3235 5 B Pk KT
TE S a3 A, AR5 738 S-G2H-G2.S+
H-G2.

2.6 AECEIF3IFHHE THMRERRRZE
R
I 11 Al %0, 2R 38 (S-GO) T Bk 5 i &

(108.71 @) B E & = (0.82 mg-g') . B /f= &
(2 650.43 kg - hm > % CK 43 7 F % 28.63%
34.40%.31.17%. 5 S-GO #HEL,0.10 x10° mol-L"
GR24 (S-G2) &t 3 Pk 5 A3 5L B (135.17 g5 A
CK 1 88.77%) Bk & (1.18 mg-g', ¥ CK 1
94.40% ) , J 7= & (3 450.46 kg - hm®) i CK K]
89.61% . # i i (H-GO) X 3 # 4k 4 & C
(72.35 mg- 100 g™ MG AR B 53, b CK N
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Table 10 Effects of different treatments on nitrogen metabolizing enzyme activity
ey i R i i 1 A a W R i (o N aty A RAT N5 R 1
Treatment NR a(_:tiv?ty/ GS acti_Vity/ GOGAT activity/ AS acti_vity/
(U-g'-h" (U-mg"H (U-mg"H (U-mg"
CK-GO 12.34+0.98 a 0.56+0.05 a 1.23+0.10 a 0.78+0.06 a
S-GO 7.89+0.65 d 0.32+0.03 ¢ 0.67+0.06 d 0.45+0.04 ¢
S-Gl 8.56+0.72 ¢ 0.38+0.03 d 0.75+0.07 ¢ 0.514+0.05 d
S-G2 10.12+0.85 b 0.45+0.04 b 0.92+0.08 b 0.63+£0.05 b
S-G3 9.23+0.78 ¢ 0.40+0.03 ¢ 0.82+0.07 ¢ 0.55+0.05 ¢
S-G4 8.12+0.69 d 0.35+0.03 d 0.70+0.06 d 0.48+0.04 d
H-GO 6.45+0.55 ¢ 0.28+0.02 f 0.58+0.05 ¢ 0.38+0.03 f
H-G1 7.34+0.63 d 0.33+0.03 ¢ 0.65+0.06 d 0.43+0.04 ¢
H-G2 9.56+0.82 b 0.42+0.04 ¢ 0.85+0.07 ¢ 0.59+0.05 ¢
H-G3 8.45+0.74 ¢ 0.37+0.03 d 0.73+0.06 d 0.50+0.04 d
H-G4 7.12+0.65 d 0.30+0.03 f 0.62+0.05 e 0.41+0.03 ¢
S+H-GO 4.23+0.42 f 0.18+0.02 g 0.42+0.04 f 0.28+0.02 g
S+H-G1 5.12+0.48 ¢ 0.25+0.02 f 0.50+0.05 e 0.35+0.03 f
S+H-G2 8.78+0.76 ¢ 0.38+0.03 d 0.78+0.07 ¢ 0.54+0.05 ¢
S+H-G3 6.89+0.62 d 0.30+0.03 f 0.65+0.06 d 0.45+0.04 ¢
S+H-G4 5.45+0.52 ¢ 0.22+0.02 g 0.48+0.04 e 0.32+0.03 f
R 11 REIAIRFTFRASR SE M R &~ 2 RS20
Table 11 Effect of different treatments on fruit quality and yield of chili peppers
Treatment Single fruit thickness/  content/ Dlhydmcapsalim Soluble solids content/ Sl{gar- . Yield per - Total y1ejd/
mass/g mm (mg-g) content/(mg-g") content/% (mg-100 &) acid ratio plant/kg (kg-hm™)
CK-GO 152.3248.50 a  3.80+0.17a 1.25+0.08 a 0.68+0.05 a 8.51£0.41a  120.51£5.19 a 12.52+0.61 a 0.45+0.03 a 3 850.51+125.41 a
S-GO 108.7146.17d 2.16+0.10d 0.82+0.06 d 0.41+0.03 d 6.17+£0.30 d 85.32+4.09d 8.01+0.42 d 0.28+0.02 d 2 650.43£110.21 d
S-G1 116.53+6.75 ¢ 2.47+0.11 ¢ 0.95+0.07 ¢ 0.48+0.04 ¢ 6.76+0.31 ¢ 94.61+4.48 ¢ 8.66+0.41 ¢ 0.32+0.02 ¢ 2 850.34+115.34 ¢
S-G2 135.174£7.36 b 3.17£0.21 b 1.18+0.07 b 0.62+0.05 b 7.77£0.41b  110.17£5.00 b 11.01£0.52 b 0.41+0.03 b 3 450.46£120.11 b
S-G3 122.36+7.00 ¢ 2.81+£0.10 ¢ 1.02+0.06 ¢ 0.52+0.04 ¢ 7.01£0.32 ¢ 98.67+4.68 ¢ 9.21+£0.40 ¢ 0.34+0.02 ¢ 2 950.40+115.44 ¢
S-G4 112.75+6.52d 2.42+0.10d 0.88+0.05d 0.45+0.03 d 6.45+0.30 d 89.45+4.31d 8.27+0.41 d 0.30+0.02 ¢ 2 750.37+110.43 d
H-GO 95.45+581 e 1.85+0.11 e 0.65+0.05e 0.34+0.03 e 5.57+0.32 ¢ 72.35+£3.75e 6.76+£0.32 ¢ 0.22+0.01 e 2 250.36+105.23 ¢
H-G1 103.36+6.00 d 2.11+0.11d 0.78+0.06 d 0.39+0.03 d 6.01£0.31 d 80.48+4.00 d 7.46+0.41 d 0.25+0.02 d 2 450.11£110.31 d
H-G2 127.80£7.16 b  3.01£0.20b 1.10+0.07 b 0.58+0.04 b 7.46+0.40b  105.76+£5.11 b 10.47+0.51 b 0.38+0.02 b 3 250.28+115.37 b
H-G3 115.61+6.47 ¢ 2.55+0.11 ¢ 0.924+0.06 ¢ 0.47+0.03 ¢ 6.58+0.31 ¢ 91.16+4.40 ¢ 8.50+0.40 ¢ 0.31+0.02 ¢ 2 650.16+110.34 d
H-G4 101.22+5.86 ¢  2.02+0.10e 0.70+0.05e 0.36+0.03 ¢ 5.76+0.28 ¢ 76.25£3.85 e 7.00+0.31 ¢ 0.24+0.02 e 2 350.18+105.64 ¢
S+H-GO 72324447 f 1.27+0.10 f 0.42+0.03 f 0.22+0.02 f 4.48+0.26 58.68+3.17 f 5.21+0.29 f 0.15+£0.01 f 1 650.21+95.42 f
S+H-G1 84.16£5.00 e  1.56+0.11 ¢ 0.55+0.04 ¢ 0.28+0.02 ¢ 5.02+0.29 e 65.40+£3.42 ¢ 6.02+0.30 ¢ 0.18+0.01 e 1 950.24+100.48 ¢
S+H-G2  118.57+6.73 ¢ 2.65+0.11 ¢  0.98+0.06 ¢ 0.50+0.04 ¢ 7.21+£0.30 ¢ 102.27+4.86 ¢ 9.77+0.53 ¢ 0.30+0.02 ¢ 2 850.42+110.46 ¢
S+H-G3 97.51£5.52 ¢ 1.78+0.10 e 0.68+0.05e 0.35+£0.03 ¢ 5.82+0.31 e 78.56£3.89d 7.16£0.41 d 0.20+0.01 e 2 150.43+105.52 ¢
S+H-G4 88.37£5.21e 1.49+0.10e 0.50+0.04 f 0.25+0.02 f 5.23+0.30 f 63.18£3.42 f 6.26+£0.27 ¢ 0.17+0.01 e 1 850.51+£100.38

39.92% , H-G2 A FRAE H K & % 105.76 mg - 100 g
(A CK 1] 87.80%) , ¥% & Lt (10.47) #5213 CK (1)
84.00%. & Wil (S+H-GO) B . 5 o7 & AT R A
JE FE B B, 4 N 72.32 g4 1.27 mm; 5 S+H-GO
FHEE , S+H-G2 AL B £ F2 FH L R i &2 42 118.57 ¢
(A CK (1) 77.87%) , BHUE & 58 (0.98 mg - g™ F
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Table 12 Comprehensive evaluation of stress tolerance of different treatments based on fuzzy affiliation function

ME Fe bR

’)‘JMH*’T, CK-GO S-GO S-G1 S-G2 S-G3 S-G4 H-GO H-G1 H-G2 H-G3 H-G4 S+H-GO S+H-G1 S+H-G2 S+H-G3 S+H-G4
Measured index

KRR 1.00 042 0.55 0.64 0.60 047 030 039 049 044 034 0 0.30  0.50 0.40 0.31
Germination rate

REFH 1.00 056 0.65 0.74 0.68 0.61 039 051 0.63 056 046 0 0.37  0.59 0.50 0.41
Germination potential

T2 1.00 045 054 062 0.57 049 029 040 050 044 034 0 031  0.50 0.42 0.36
Seedling survival rate

P 100 041 055 075 0.66 048 029 042 065 052 037 0 0.13  0.55 0.41 0.24
Plant height

Sl 1.00 044 055 076 0.65 0.50 025 039 061 051 035 0 0.15  0.54 0.39 0.20
Stem thickness

ESN 1.00 043 053 077 0.70 048 033 042 063 051 038 0 0.14  0.49 0.33 0.19
Root length

A 100 040 054 074 0.62 050 026 038 0.65 052 035 0 0.14  0.56 0.38 0.22
Fresh mass

R 1.00 038 0.55 0.78 0.66 0.50 024 039 0.68 054 035 0 0.15 0.6l 0.40 0.22
Dry mass

TRARHM 100 029 047 079 0.62 040 020 034 068 051 025 0 0.15  0.62 0.34 0.19
Root surface area

WA 1.00 030 042 083 0.60 035 0.17 033 0.70 047 022 0 0.14  0.57 0.29 0.18
Root activity

S rRapt e 1.00  0.58 0.74 0.88 0.70 0.55 0.35 049 0.76 0.61 044 0 0.14  0.88 0.48 0.31
P,

SALTE 1.00  0.74 079 0.82 0.76 0.71 0.56 0.62 0.68 0.65 059 0 044  0.76 0.59 0.50
G,

) CO, ¥k i 023 017 0.19 020 0.18 0.16 0.09 0.12 0.15 0.13 0.11 0 0.05  0.15 0.10 0.08
G

7 AR 100 073 0.85 095 0.80 0.70 0.50 0.66 0.85 0.70 0.59 0 0.35  0.85 0.50 0.40
T,

SPAD 1 100 087 090 093 0.89 0.86 0.77 0.80 0.88 0.84 0.79 0 0.66  0.89 0.79 0.73
SPAD value

T BRI Jir vty P 1.00  0.64 0.69 082 0.75 0.66 052 0.59 0.77 0.68 0.58 0 034 071 0.56 0.44
NR activity

BAWNE G REEEYE 1.00 057 0.68 0.80 0.71 0.63 050 0.59 0.75 0.66 0.54 0 032 0.68 0.54 0.39
GS activity

B AR AT T 1.00 054 0.61 0.75 0.67 0.57 047 053 0.69 0.59 050 0 034  0.63 0.53 0.39
GOGAT activity

RABENE A BEEEE 1.00 058 065 081 071 0.62 049 055 0.76 0.64 053 0 035 0.69 058 041
AS activity

oL Lo A 100 045 055 079 0.63 051 029 039 070 054 036 0 0.15 0.8 0.32 0.20
Single fruit mass

RWEE 1.00 037 047 075 0.58 042 024 032 067 047 029 0 0.12 053 0.26 0.18
Flesh thickness

PR = 1.00  0.66 0.76 094 082 070 0.52 0.62 0.88 074 056 0 034 078 0.54 0.40
Capsaicin content

TEBE R 1.00 060 0.71 091 0.76 0.66 0.50 0.57 0.85 0.69 053 0 029  0.74 0.51 0.37
Dihydrocapsaicin

content

AEEETEY SR 1.00 048 058 075 0.64 053 033 044 0.69 055 041 0 0.18  0.66 0.41 0.25
Soluble solids content

HERCHE 1.00 052 0.64 083 070 0.58 035 046 0.75 060 044 0 021  0.71 0.48 0.30

Vitamin C content
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Table 12 (Continued)

W52 R AR

. CK-GO S-GO S-G1 S-G2 S-G3 S-G4 H-GO H-G1 H-G2 H-G3 H-G4 S+H-GO S+H-G1 S+H-G2 S+H-G3 S+H-G4
Measured index
PEIR LK 100 064 0.70 088 0.74 0.66 0.54 0.60 0.84 0.68 0.56 0 048  0.78 0.58 0.50
Sugar-acid ratio
R 100 043 056 078 0.64 051 029 039 069 053 036 0 0.14  0.57 0.31 0.20
Yield per plant
R 1.00 045 0.57 0.80 0.65 0.53 031 041 072 055 038 0 0.16  0.60 0.34 0.22
Total yield
A B ESEYE 1.00 059 071 090 0.80 0.67 0.51 0.62 0.85 0.73 057 0 038  0.77 0.56 0.38
SOD activity
T S A 1.00 057 0.68 091 0.79 0.62 048 0.60 0.85 0.74 054 0 035  0.78 0.61 0.42
POD activity
T A S 1.00 049 0.64 088 0.76 056 0.41 0.53 0.84 067 046 0 029  0.79 0.58 0.35
CAT activity
[y 0.77 032 045 065 0.54 040 021 036 056 046 028 0 0.18  0.49 0.33 0.09
MDA content
ER AT S 0.78 035 0.51 0.66 056 043 023 035 0.61 048 031 0 0.17  0.52 0.32 0.10
Electrolyte leakage rate
AR & & 0.64 020 034 051 040 027 0.13 028 044 035 019 0 0.12 037 0.22 0.06
Proline content
R E 091 047 057 076 0.64 052 032 044 068 053 038 0 023 0.61 0.40 0.25
Comprehensive
membership degree
HE# 1 9 6 2 4 8 13 10 3 7 12 16 15 5 11 14

Rank

wi. fEH i, S-G2(0.76) Fi1 H-G2(0.68) ]
CEEVEr T A AR B, B0 G2 Ab B e A
R B RSO e . BARRILN :S-G2 16k
HZ (P, 0.88) MR A 77 (0.83) L &AW B v 14
(NR 0.82) K 7= B hr CE =& 0.80) iR ¥R L &
SRR B s H-G2 MITE ST A AL BEE £ (SOD &£ 0.85)
HeAZ C H & 0.7 FPERR L (0.84) AR AR .
HEEAWEATR , SHH-G2(0.61) B T H [ 41 HiAh b
B AEJME T S e — A i s A, R E A
I XL 6T SRR 11 e ) 453 47 B M ok B — 1 45 T B 5E
BE .. AN, G3 F1 G4 AFRTE 2 BUbE R R
FEAR T G2, 3R B I = BAS 2 1) AL BB B 1T R TG V%
A RE AR P AL o
28 AEMEBLETGRA4FIENNEREZE
ST

XTHTAFEAR IR ik Z A (Y = aX*+
bX + ¢ YIEAT 43 M, HACEH R vl A 22 i GR24 1)
A B RN (R 13) 5 IRI AR () A, R
GR24 %f H #5468 b 1 52 W 4776 9 5 A (B AB 50
O B S AR A i e di s E R o BB s
FEE RS (X=-b/Qa) ), I bR Lk E 15
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9 0.10x10° mol-L™, B UE T 19 BEAE 2 HE e N 1)
WIE M, 538 REEGR 1D R EEE . mil
HEER (R = 0.8), KZFHR (0.9 F & H %
(0.88) . SOD ¥ £ (0.90) %5 4% 0 A5 HHL 45 b A58 20 it
715, 2B GR24 W F s B m B ik .
S A TEFERR (0.7 < R < 0.8), Al W It [ TR &5 &
(0.72) AR & 8 (0.73) 25 1B T8 br 2 15
WSRO, AU R S B R B . KRR
1 &, 7E 0.10x10° mol-L' GR24 | 4 # ik %
82.10%F01 78.30% , % it Xif & 21 (S-GOH-GO) #2 T
19%~26%. 1A EIR, GR24 Hid [E(K MDA & & (1
{8 12.4 nmol - g ) 2% fift I IR i 484K 5 Ok B 0 AR 2R
Tl i Bz 1) RE B RN . AR RIS 1 (3982 U-gt-h)
5 RMEF(325.8 em®) W R FE T, 4l WK o
HVH™ 578 77 25 € Ffilt, SR 3 6 J5T £ (7.12 @) Fl -5
B(1.05 @ BEFERIN. JeBRERMA, 15 G iR
(16.8 pmol-m?-s) 5L 3% (0.28 mol -m”- s 7E
0.10x10° mol-L" i} iAW , C: i (268.5 pmol - mol™)
Pk, R IERFLIR ] 22 /% . SPAD 1H (39.D#& 7+
BE— B EHE T SRR ThRE 3G 5 . AR A6 0K B 72
#,NR(10.1 U-g'-h").GS(0.45 U-mg" 5 GO-
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Table 13 GR24 dose effect model
R Hihr AR P
Index category Index Regression Equation extreme
FPTH R K 3% Germination Y=-2.5X"0.52X+73.0 0.91 82.10%
Seed germination 4 4% Germination potential Y=-3.1X+0.62X+65.5 0.89 75.60%
171 % Seedling survival rate Y=-2.8X"+0.58X+68.2 0.87 78.30%
YA ¥k Plant height Y=-42X*0.84X+11.3 0.85 14.6 cm
Seedling 244 Stem thickness Y=-1.5X+0.30X+2.4 0.82 2.9 mm
morphology #K: Root length Y= -3.6X*+0.72X+8.7 0.83 11.3 cm
R R LM FH Root surface area Y=-15.8X+3.16X+187.5 0.79 325.8 cm?
R Z:75 77 Root activity Y =-85X>+17.0X+218.7 0.88 3982 U ¢g'-h’
i 5 & Fresh mass Y =-3.0X"+0.60X+5.2 0.80 712 ¢
T i Dry mass Y =-0.9X°+0.18X+0.7 0.78 1.05¢
Rtk D et e Y=-18X+0.36X+14.6 0.88 16.8 umol - m?s™
Photosynthetic Net photosynthetic rate
characteristics RALG Y=-0.06X+0.012X+0.25 0.82 0.28 mol-m?-s"
Stomatal conductance
ulE] CO, e JE Y=2.5X-0.50X+278.5 0.75 268.5 pmol - mol”
Intercellular CO, concentration
75153 % Transpiration rate Y=-0.8X"+0.16X+3.6 0.81 3.9 mmol-m”-s’
SPAD {8 SPAD value Y=-52X*+1.04X+37.1 0.76 39.7
TR RS A AN I 1 Y=-12.5X*+2.50X+34.7 0.90 528U g
Antioxidant SOD activity
system I EAAIEERS T POD activity Y=-25X+5.0X+68.4 0.84 1102 U-g" min’
I A LA B 1 CAT activity Y=-7.5X1.50X+22.3 0.81 40.1 U-g"'-min’
W EES Y=2.8X%-0.56X+24.5 0.78 12.4 nmol - g
MDA content
BIEW Jifi %@ & & Proline content Y=8.5X-1.70X+78.9 0.73 482 ng-g'
Osmotic LR 515 % Y =3.2X%-0.64X+35.6 0.75 18.90%
regulation Electrolyte leakage rate
ZACH T RIS Ji s Y =-2.5X>+0.50X+7.9 0.86 10.1U-g"h'
Nitrogen NR activity
metabolism B e BB P Y =—0.12X+0.024X+0.32 0.82 0.45 U-mg’
GS activity
B R B Y =-0.09X *+0.018X+0.67 0.79 0.92 U-mg"
GOGAT activity
KA A Pt i Y =-0.07X*+0.014X+0.45 0.77 0.63 U-mg"
AS activity
P R L F  Single fruit mass Y=-42X"+0.84X+108.7 0.85 1352 g
Yield and B Y =-0.15X+0.030X+0.82 0.80 1.18 mg-g"
quality Capsaicin content
TEABER AR ¥'=-0.08X +0.016X+0.41 0.78 0.62mg-g'
Dihydrocapsaicin content
AVETEE S B Y=-0.7X0.14X+6.2 0.72 7.80%
Soluble solids content
H A JEE Flesh thickness Y=-0.8X+0.16X+2.2 0.84 3.2 mm
PHIE Lt Sugar-acid ratio Y =-0.6X"+0.12X+8.0 0.75 11.0
4k C # & Vitamin C content Y=-8.0X>1.6X+853 0.82 110.2 mg-100 g"
PPk & Yield per plant Y=-0.5X">+0.10X+0.28 0.84 0.41 kg
2778 Total yield Y = -850X *+170X+2650 0.89 3450 kg-hm®
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GAT(0.92 U-mg DGR F, 2 i B = 1 = R R i
b, B 0 BE Bk 7 & (041 kg) BB T &
(3450 kg - hm™ {3900,

P R 4%, SOD (52.8 U - g'') . POD
(1102 U-g'-min") 1 CAT(40.1 U-g" - min™) P} [
15K MDA (BAH 12.4 nmol - ) , [EAK FELAR 15 18
(18.90%) , 4EFFAN AR AS o S AR T, BRANR
TE(1.18mg g5 AR S E0.62mg g
B0, AT v E S R (7.80%) FITBERR L (11,0048
b, W GR24 T8 i P17 e 250 U 38 5 I AR AR A
A

0.1x10° mol-L" GR24 £ 44/ S L %, 7] i
H5HAEEYE NS T8 T BASAHIS, GR24 1E N
MU 4 9 R 2R ALY VR R I D14 2 AR B0E
MAX2 7z 2 % 92 1y , il & R Ui P g B R Rk .
GR24 ] Re [ ABA 358 <AL, 85 JA R
7T UCEARHS , (0 LB AR BRI 5 3 — 2B g b
0.1 x10° mol-L"' GR24 M-I Wit (&F 7d 1 %, 3t 3
RO ] 2 B vy e B v R X BRSO R
77 30%~35%)

3 Wi E4iR

BB AT A P AR e
MAEANGEER R 35 I, GR24 fE 12 35 12 =i i
THIRZF S . AT, M GR24 18 4% Fi
TR P A, S R v SR RN v b e R SRR
TREFH . AR TR R T K I, GR24
AT LA i AR 2R3 7 38 2 T AR AR A R IR O AR
A5 TR, D ] GR24 AbFEE I (e HEAR &
ARG IR R R LR ARG, A
W8 7K 4> AFE IR B

FEARIG T, £h FABE 5 T 13 TS (ROS) 3%
R ZE IR AR L, X 5 AT ARGE Y ROS 5
BLERR W &0, Ak, GR24 @ w4 75 =
A i R R R A R P ES IE TR B RS
Y S U R R

7E 8 N, 10x10° mol - L ) GR24 b3 = 1
el PR & AR MEY AR, 85
W, GR24 AR HERH I TARIR B SRS T & 173K
R EPEARY . fERICETE H, GR24 Ab 2 i
8 hneT Vi PR RE RN R 0 B B B R A T 1
BEAIR MDA 7K P 3k o 38 32 b iE R 10 & 18
TEAHEFLA , I8 PR 5 R A AL R ) 5 A E A AL IR i) 3
7] S8 P, B, T GR24 S8 b S FLIF FEFn 4
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ERENE, B E R TR AL R
TR A E B T, GR24 7E KU NE T
BRI ke B8 4 H  fE AR S T, A2 7 ] GR24
A ER (S+H-G2) {3 5 AL 5t Bl ie R AL #R A 5 va
64.04% , HALH ot & P it 5iiE. 18
BRI BRI FE oA A , GR24 BT HG 5 17K
RFUEARE T A B T 0 N, 1 15 e
AT T K SR A oA XU OR R 38 . S AE AT AT
ORI, GR24 383 248 4 A b~ 17 R S KUk, 32
HEA P RPUIS 5 25 R r MR 34
FIEA AR 7R GR24 50F i 5 8 A 1 AR A2 s 4
R ZAL I D9 1058 BRAURR 55 8 I7 5T A 1)
PR T ISR . RE GR24 fER—Jfarh R
SIKY e R (EWE O =Ry IS EREUE 5 "R & SR E ¥ o R
—AbFE. AN, BEMAR A TRFSEAMR
A FAE S BRI B TR B A e 4, X Oy
B HARNURI BT A SR A T E BN A
AP EE RAESE , fE SR &SR D FER T,
0.1x10° mol - L' GR24 i ok 2 i 45 13 [RIATL 1) 38 it
EET RN QB IIBOR) L/ =RE RN/ R 2191 spUIE =
s O RSAT N 5 BAVEHR TG & R RCE
Q) IAER R B R aE . REE &G
TEE MR ZIR, 2 GR24 75 4 7= & 41 2k ik b
105% , X B R 35 1 5 8 PR 7T R h—
A B 0N SR AE M 6 A TR 5 A IR (1 ABAL
JAD W EAE W 45, DL S HAE 2% B o S 10 0 308 v (1 I
TR
S 3k
[1] ZHANGY J,WANG Y F,NIU H S.Effects of temperature , pre-
cipitation and carbon dioxide concentrations on the require-
ments for crop irrigation water in China under future climate
scenarios[J]. Science of the Total Environment, 2018, 656:
373-387.
[2]  HAE R, TR SE, A5 . BORUE N A A A e (R 7Tk FE ]
AR @, 2022,38(12):58-72.
31 Fr°, SN, U, 25 R e o A A 2 A TR T I R
WA TR R[] BRARUAL 5,2017,15C1) £ 13-16.
[4] X BT . BROBURT A 3 F AR BRI R % iR AR O K IR T BE 5
UE[D]. A < 07 g ARl K 52,2024
[51 M, Z 5, SR . SR R A0 HEOGH I T it R 7
W 2 Se g AR B (1] Bl 25 243, 2013, 40 (B F1)) : 2675.
[6]  MEAK, 87 MEHk, 25 . BMURD T- H R AN 4 7 A B P B
e IR R [T] LR AR, 2016,44(11) : 182-186.
(7] s . b AU S E BB IR E e i) 2 (¥ 425 437 [ D]
I IR OR 52,2020,
[8]  ZEILWN, 5KNN, SCARZE , 55 . h et ol 9 /i ok O] 28 Sk A B R P



5512 3

B, 55 S

RS AR E S

o3 B AR KA E IR

X ISR 5T

9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

FRISEIR[I]. 23 TR H i, 2022,20(5) : 1658-1663 .

PHOUR M, SINDHU S S. Soil salinity and climate change : Mi-
crobiome-based strategies for mitigation of salt stress to sustain-
able agriculture[J]. Climate Change and Microbiome Dynamics,
2023,191-243.

RIS . FABOGT 6 B8 3 10 A PSS 7 R i
KA - AR R 2%, 2007 .
B . i, B e
FIRE,2010.

PSR BT A AR B AR AR S D H IR AL B R 7S (D]
B #7  TE LR ARRHE R, 2010.

BRI AR VMG, VTN B R A) 2k P 565 S VE LA B L Jee ]
TEAIBAE DR 7, 2022,23(6) : 1585-1593.

KBE, XIBELL, SRk , 45 . P e AR A 25 5~ T 4% 1
HUBI[] . AE AR IR 2441, 2023, 59(4) : 715-726.

NAWAZ M S, SAMI S A, BANO M, et al. Impact of salt stress

R PENLHLATFE[D].

i S i R AF 9 [ D] . BB : 7

on cotton[J]. International Journal of Agriculture and Bioscienc-
es,2023,12(2):98-103.

FADHIL A A, SWAID S Y, MOHAMMED S J, et al. Impact of
salinity on tomato seedling development: A comparative study
of germination and growth dynamics in different cultivars[J].
Journal of Chemical Health Risks,2024,14(1):183-190.
ZAHRA N,HAFEEZ M B, GHAFFAR A, et al. Plant photosyn-
thesis under heat stress:
mental and Experimental Botany,2023,206:105178.
HALDIMANN P, FELLER U. Growth at moderately elevated

Effects and management[J]. Environ-

temperature alters the physiological response of the photo-
synthetic apparatus to heat stress in pea (Pisum sativum L. )
leaves[J].Plant Cell and Environment,2005,28(3):302-317.
SILVA E N, VIEIRA S A, RIBEIRO R V. et al. Contrasting
physiological responses of jatropha curcas plants to single and
combined stresses of salinity and heat[J]. Journal of Plant
Growth Regulation,2013,32(1):159-169 .

BALFAGON D, ZANDALINAS S I, GOMEZ-CADENAS A.
High temperatures change the perspective: Integrating hormonal
responses in citrus plants under co-occurring abiotic stress con-
ditions[J]. Physiologia Plantarum,2019,165(2):183-197.
KT, A AL R 60 Mo 3 £ A BN 2y WL B A
JE[I LT RF,2024,52(21) : 10-16.

ALSHARAFA K Y . Physiological and biochemical responses of
pepper (Capsicum annuum) leaves to salt stress[J]. Internation-
al Journal of Agriculture and Biology,2023,30(1):72-78.
ABDELAAL K A,EL-MAGHRABY L M,ELANSARY H,etal.
Treatment of sweet pepper with stress tolerance-inducing com-
pounds alleviates salinity stress oxidative damage by mediating
the physio- biochemical activities and antioxidant systems[J].
Agronomy,2020,10(1):26.

HU W H, YAN X H, HE Y, et al. 24-epibrassinolide alleviate
drought- induced photoinhibition in Capsicum annuum via
up-regulation of AOX pathway[J]. Scientia Horticulturae, 2019,
243:484-489.

POTOCKA I, SZYMANOWSKA-PULKA J. Morphological re-

[26]

(27]

(28]

[29]

[30]

[31]

(32]

[33]

[34]

[33]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

sponses of plant roots to mechanical stress[J]. Annals of Botany,
2018,122(5):711-723.

ZHU G L, CHEN X B, GUO X Q, et al. Plasticity of root mor-
phology of Ziziphus jujuba var. spinosa in response to natural
drought gradient ecotopes[J]. Acta Ecologica Sinica, 2018, 38
(16):5810-5818.

LU X F,LIU X J, XU J R, et al. Strigolactone-mediated treha-
lose enhances salt resistance in tomato seedlings[J]. Horticul-
turae,2023,9(7):770.

JIUST,XUY,WANG JY,et al. Molecular mechanisms under-
lying the action of strigolactones involved in grapevine root de-
velopment by interacting with other phytohormone signaling[J].
Scientia Horticulturae,2022,293:110709.

JUY L, ABC L, AXL X, et al. Targeted metabolomic and tran-
script level analysis reveals the effects of exogenous strigolac-
tone and methyl jasmonate on grape quality[J]. Scientia Horti-
culturae,2022,299:111009.

ZEM, R R BT, A5 RIS LS AR TR
MR T[] AT A 556452023 (4) £ 147-149.

2R A A AR AL S SR AR M. b5 S S
J#E: . 2000.

FRACE , G, e, 55 AN SNP IR Ml R R %)
AR AR AR A G W (K 52 D). > A E A 2022, 20
(5):1692-1698.

SR, Wi, BROLZE L 6 36 S AN RIS BL it 1 19 R A
FISEIR[J]. B 552023, 21(3) :20-23.

FELK, W22, EEA, 55 ANE GR24 X ANGEER A2 IR A
KAIFEMIT]. BT B RO K254, 2016,39(3) : 366-372.
JELZE NS . A5 D <5 PAY 156 R T 95 016 a8 T B IAN ¥ R RSl R
W HI/E FHLAI[D] . B 3 i AR 27,2022,

KB AN <5 P B SR R T K T U S A 0 A B A
FEAH[D]. AR TR RS, 2023.

AR, BEIE T, SRFR, 55 MG A R S A TR R H
SR[T]. A A R, 2023,59(3) :505-514.

PEYH . iﬁ%ﬁ—’?ﬁ&lﬂﬂﬁ?ﬂﬁaﬁi‘?ﬁ%ﬁb W RERKKE M
BT FE[D]. AR - 3 52 K%, 2020,

WANG F, WANG C, YAN Y, et al. Overexpression of cotton
GhMPK11 decreases disease resistance through the gibberellin
signaling pathway in transgenic nicotiana benthamiana[J]. Fron-
tiers in Plant Science,2016,7:680.

LEI'Y B,SONG S Q,FU J R. Possible involvement of anti-oxi-
dant enzymes in the cross-tolerance of the germination/growth
of wheat seeds to salinity and heat stress[J]. Journal of Integra-
tive Plant Biology,2005,47(10):1211-1219.

FERRERO M, PAGLIARANI C, NOVAK O, et al. Exogenous
strigolactone interacts with abscisic acid-mediated accumulation
of anthocyanins in grapevine berries[J]. Journal of Experimental
Botany,2018,69(9):2391-2401.

ZHOU X P, TAN Z M,ZHOU Y G, et al. Physiological mecha-
nism of strigolactone enhancing tolerance to low light stress in
cucumber seedlings[J]. BMC Plant Biology,2022,22(1):30.
OMOARELOIJIE L O, KULKARNI M G, FINNIE J F, et al.

<123 -



X ISR 5T th

L

38 %

[44]

[45]

[46]

[47]

Strigolactone analog (rac-GR24) enhances chilling tolerance in
mung bean seedlings[J]. South African Journal of Botany, 2021,
140:173-181.

LU J F,SHEN Y Y, YANG Y W. Synthetic strigolactone (rac-
GR24) alleviates the photosynthetic inhibition and oxidative
damage in alfalfa (Medicago sativa L. ) under salt stress[J].
Grassland Science,2024,70(1):23-34.

KR, DIWAS, S, A G A BE DS BL) GR24 X 1L E
A1 AR BB I8 1 22 1 F 0] B2 B AR 38 %23, 2023, 34 (6) -
1592-1600.

LUQMAN M, SHAHBAZ M, WARAICH E A. Effect of differ-
ent concentrations of GR24 as seed priming treatment on
physio- chemical and yield related attributes of maize (Zea
mays) hybrids under drought stress[J]. Pakistan Journal of Bota-
ny,2023,55(4):1257-1266.

MEHRABI S S, SABOKDAST M, BIHAMTA M R, et al. The

$ 124

(48]

[49]

[50]

coupling effects of PGPR inoculation and foliar spraying of
strigolactone in mitigating the negative effect of salt stress in
wheat plants: Insights from phytochemical, growth, and yield at-
tributes[J]. Agriculture, 2024, 14(5):732.

MUJAHID N, SHAHBAZ M. Seed priming with strigolactone
GR24 develops tolerance toward salinity in ajwain (Trachysper-
mum ammi L. ) by improving mineral nutrient contents and
yield[J]. Acta Physiologiae Plantarum,2024,46(11):105.

LIM Y, YANG M, LIU X Y, et al. Pre-harvest application of
strigolactone (GR24) accelerates strawberry ripening and im-
proves fruit quality[J]. Agronomy,2023,13(11):2699.

MA Q L, LIN X, ZHAN M X, et al. Effect of an exogenous
strigolactone GR24 on the antioxidant capacity and quality dete-
rioration in postharvest sweet orange fruit stored at ambient tem-
perature[J]. International Journal of Food Science and Technolo-
2y»2021,57(1):619-630.



