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overwintering pepper seedlings in Hunan Province
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Ministry of Agriculture and Rural Affairs of China, Changsha, Hunan 410128, China)

Abstract: The effects of different concentrations of exogenous 2,4-epibrassinolide(EBR) and 5-aminoacetyl propane
(ALA) on the growth, antioxidant enzyme activity, osmoregulatory substance content and nitrogen metabolism key
enzyme activity of overwintering pepper seedlings were studied using ‘Bola Red Bull” ‘Xingshu 215’ and ‘Changyan
Qingxiang’ as test materials. The results showed that exogenous EBR and ALA could enhance the ability of seedlings to

resist low temperature stress to varying degrees. Compared to the water-sprayed control, the application of different
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concentrations of exogenous EBR and ALA improved the morphological indicators of overwintering pepper seedlings,

including plant height, stem thickness, fresh weight, dry weight, and seedling vigor index. The activities of antioxidant

enzymes(SOD, POD, CAT) were enhanced, and the content of osmoregulatory substances(proline, soluble sugars, soluble

proteins) and the activities of key nitrogen metabolism enzymes(NR, NiR, GS) were also increased to some extent.

Among them, 0.01 mg/L EBR and 30.00 mg/L ALA were more effective in alleviating the damage effects of

low-temperature stress on seedling physiology and growth. Based on these findings, practical application trial was

conducted for overwintering pepper seedling cultivation at this concentration. The results showed that the seedling vigor

index following the foliar application of 30.00 mg/L ALA plus an adjuvant was significantly higher than that in all other

treatments, and the additional cost per seedling was calculated to be RMB 0.007 3.

Keywords: pepper; low temperature stress; 2,4-epibrassinolide; S-aminolevulinic acid; plant growth regulator
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2.1.1

F1 SNEEBRUIEEH LS ERMANE B TSIEIR

Table 1 Morphological indices of overwintering pepper seedlings after treatment with exogenous EBR

B AN 4k Frii/em ZEH]/mm fif Ji it /g Tite/g a5
IR CK (16.62+0.52)b (2.830.26)b (2.87+0.60)b (0.333+0.082)c 0.169+0.025
El (18.490.37)a (3.3340.12)a (3.62+0.28)a (0.433£0.051)ab  0.222+0.027
E2 (16.99+0.42)b (3.1240.10)a (3.38+0.18)ab (0.409£0.012)bc  0.198+0.008
E3 (17.02+0.62)b (3.10£0.01)a (3.19£0.08)ab (0.428+0.014)ab  0.181+0.008
E4 (17.92+0.31)a (2.45+0.08)c (3.7120.19)a (0.502+0.019)a 0.187+0.005
M1 CK (13.12+0.05)d (2.71£0.05)c (2.81+0.04)b (0.317+0.025)b (0.167+0.017)b
El (13.25+0.30)d (2.99+0.14)b (3.16£0.30)b (0.345+0.073)ab  (0.195£0.019)a
E2 (14.05+0.28)c (3.18+0.10)b (3.43£0.13)ab (0.438+0.053)ab  (0.243£0.011)a
E3 (16.74+0.38)b (3.41£0.19)a (3.87+0.44)a (0.475+0.134)a (0.202+0.044)a
E4 (17.39+0.10)a (2.56+0.07)c (4.05£0.62)a (0.478+0.063)a (0.195+0.015)a
KWFEE K (12.03+0.20)d (2.69+£0.07)c (2.07+0.19)c (0.246+0.031)b (0.129+0.023)c
El (12.46+0.14)c (2.85+0.08)c (2.3540.04)c (0.254+0.010)b (0.1500.004)bc
E2 (14.42+0.18)b (3.17+0.02)b (3.11£0.36)b (0.391+0.039)a (0.215+0.012)ab
E3 (17.80+0.27)a (3.3840.02)a (4.48+0.53)a (0.474+0.096)a (0.244+0.041)a
E4 (14.23+0.08)b (2.33+0.02)d (3.09+0.14)b (0.410+0.042)a (0.185+0.016)abc

TE: AR RIS R B 2R A R0 1 22 S A GE 17 38 L (P<0.05),
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Table 2 Morphological indices of overwintering pepper seedlings after treatment with exogenous ALA

Bt FY AbE P /em 254 /mm fif T /g FFit/g INEE =
ikt cK (16.62+0.52)d (2.8340.26)b (2.87+0.60)c (0.249+0.063)b 0.169+0.025
Al (23.44+0.22)a (3.26£0.24)a (4.660.90)a (0.425+0.100)a 0.222+0.043
A2 (22.19+0.64)b (3.36£0.17)a (4.39+0.35)ab (0.399+0.037)a 0.244+0.006
A3 (20.64+0.50)c (3.19+0.13)ab (3.49+0.32)bc (0.329+0.033)ab 0.213+0.032
A4 (21.5140.10)b (3.1240.35)ab (4.02+0.20)ab (0.364+0.016)a 0.243+0.017
D215 CK (13.69+0.30)e (2.71£0.05)d (2.8120.04)c (0.241+0.011)d (0.167+0.016)c
Al (22.09+0.41)b (3.40+0.10)b (5.38+0.34)a (0.483+0.015)b (0.267+0.019)ab
A2 (24.8240.47)a (3.65+0.04)a (5.13£0.51)a (0.585+0.063)a (0.290+0.024)a
A3 (21.38+0.36)c (3.16£0.12)c (3.330.11)a (0.340+0.019)c (0.182+0.007)c
A4 (19.41+0.03)d (3.13+0.04)c (4.07+£0.59)b (0.382+0.069)c (0.222+0.024)bc
KBFFH  CK (12.03+0.20)d (2.69£0.07)d (2.07£0.19)c (0.189+0.013)b (0.129+0.023)b
Al (21.02+0.34)a (3.17£0.13)c (4.52+0.31)ab (0.371+0.020)a (0.205+0.003)a
A2 (21.76+0.81)a (3.58+0.02)a (4.90+0.63)a (0.367+0.017)a (0.235+0.023)a
A3 (19.62+0.54)b (3.16£0.05)c (3.88+0.11)b (0.327+0.050)a (0.220+0.015)a
A4 (18.60+0.11)c (3.34+0.06)b (4.01£0.39)b (0.381+0.034)a (0.219+0.026)a

VB[Rl AR A [ 53R A BRR] (4 22 53 A e 248 L (P<0.05).
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Fig.1 MDA content in overwintering pepper seedling

2.2.2 $JREBRG ALAXT A ASRAR ) 8 4L AL B &
LR
A3, SXTREAH L, WA [R] 5 R
FEBRMALAKEA 2 T A B4 SOD |
PODFICATIG 1 . i EBRAIALA JF 2 1 B A8
B SOD . PODFICATIH MR | 5 THE s

INFEBREALARLIE G ZHRIIA B HIMDAS £

s after treatment with exogenous EBR and ALA

BRI RS TR 2 N K 75 7 i B 7
E34bEER, H:SODMICATIS M35 .2 i Tt FR A H:
AL TR, T R4EE 215 BRERAN T FEE2 4L B R (1)
SODFICAT i i 25 1 FCK S5 HABAL PR . 1Bk
LI 5 LR S M T EE2Ab B T, HPODIE
P 2 O AUHABAL FRY , T KA A RS

#3 SNREBREALARIEFE S HRMANE B S LERTE M

Table 3 Antioxidant enzyme activities in overwintering pepper seedlings after treatment with exogenous EBR and ALA Ulg
SR EBR LA
Ab3m SOD POD CAT Ab3 SOD POD CAT
a4 K (55.17+6.18)e (10.66+0.18)e (30.91+1.03)d CK (55.17+6.18)d (10.66+0.18)e (30.91+1.03)e
El (88.38+4.23)c (45.22+3.75)c (62.17£2.58)c Al (95.56+3.64)c (99.78+1.40)d (206.27+£2.61)b
E2  (190.29+0.52)b (113.05+2.39)a (98.47£2.09b A2 (167.94£9.47)b (327.78+1.11)a (251.47+3.50)a
E3  (238.21£2.71)a (94.08+1.53)b (112.22+2.81)a A3 (218.14£17.04)a  (105.97+0.66)c (130.76£1.95)c
E4 (68.38+4.39)d (23.90+3.70)d (38.12+£3.22)d A4 (103.41+3.84)c (117.61+1.27)b (100.95+1.82)d
MEi215 CK (50.54+1.99)d (12.65+2.78)d (43.92+£1.83)e CK (50.54+1.99)c (12.65+2.78)e (43.92+1.83)e
El (99.35+2.89)c (135.57£1.67)b (181.19£2.17)c Al (64.16£1.79)c (125.61£2.03)d (229.40+1.12)b
E2  (197.76+16.11)a  (307.63+4.30)a (278.17£2.53)a A2 (107.10+2.44)b (362.63+£2.49)a (216.60+2.12)c
E3 (86.80+3.60)c (294.53£7.24)a (207.74+£3.33)b A3 (226.21£15.66)a  (154.30+2.89)b (271.43£2.87)a
E4  (136.21£6.15)b (79.76x19.29)c  (164.67+2.67)d A4 (90.61£3.59)b (142.27+0.92)c (138.64+1.96)d
KR CK  (45.94+1.31)d (18.50+0.30)e (97.48+1.62)d CK  (45.94+1.31)e (18.50+0.30)d (97.48+1.62)e
El (56.15+£0.93)d (94.90+1.21)d (85.25+4.41)d Al  (106.48+1.55)c (259.15£11.27)c  (240.32+3.19)b
E2 (75.00+3.87)c (117.26+2.70)c (145.96£5.20)c A2 (247.14+5.53)b (504.88+2.98)a (268.96+3.20)a
E3  (221.98+7.25)a (182.87+£3.51)a (222.39+£5.56)a A3 (268.70+3.29)a (408.25£5.29)b (148.67+£2.32)c
E4 (115.43£5.41)b (147.01£2.92)b (178.04£2.26)b A4 (90.18+2.94)d (194.79+£2.97)d (115.81+£1.69)d

e AR RIS ] B e A BRR] ) 22 57 e 125 7 L (P<0.05),
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Fig.2 Proline content in overwintering pepper seedlings after treatment with exogenous EBR and ALA
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Fig.4 Soluble protein content in overwintering pepper seedlings after treatment with exogenous EBR and ALA
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Fig.5 NR activity in overwintering peppers seedlings after treatment with exogenous EBR and ALA
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Fig.7 GS activity in overwintering pepper seedlings after treatment with exogenous EBR and ALA
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Fig.8 Principal component analysis result of data from overwintering pepper seedlings treated with exogenous EBR and ALA
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Table 4 Morphological indices of overwintering pepper seedlings after treatment with exogenous EBR and ALA

B F AbHR FREi/cm ZEH /mm i /g TE/e SPAD(H VAN 2
W7 CK (9.92£0.35)d  (2.16£0.02)b  (1.07+0.06)d  (0.137+0.011)c  31.66%1.91 (0.069+0.002)c
Cl  (12.84£0.15)c (2.46+0.11)a (1.61£0.08)c  (0.216+0.014)b  30.73+2.45 (0.096+0.006)b
C2  (1335:0.10)b  (2.50+0.05)a (1.80+0.07)b  (0.234+0.039)ab  31.20+2.98 (0.109+0.012)ab
C3  (13.95+0.05)a (2.60+0.02)a (2.00£0.14)a  (0.270+0.008)a  32.93+0.35 (0.116+0.011)a
C4  (13.86+0.08)a (2.61%0.13)a (1.83+0.13)b  (0.253+0.015)ab ~ 32.16+1.25 (0.122+0.014)a
JERHC CK (7.96+0.45)b (2.08+0.07)c (1.15£0.13)c  (0.152+0.017)b  (31.96+1.02)a (0.078+0.012)c
Cl  (12.06£0.16)a (2.68£0.09b  (1.90+0.09)ab  (0.263+0.018)a  (28.74+1.34)b (0.129+0.007)b
C2  (12.05+0.18)a (2.63£0.06)b  (1.80+0.05)b  (0.256+0.036)a  (30.58+0.76)ab (0.110£0.006)b
C3  (1220£0.17)a (2.72£0.06)b  (1.83+0.08)b  (0.272+0.051)a  (28.930.86)b (0.113+0.008)b
C4  (11.81%0.30)a (3.00+0.08)a (2.14£0.13)a  (0.284+0.021)a  (32.39+1.40)a (0.161+0.012)a

TE: AR RIS R B 2R A R0 1 22 5 GE 7 38 L (P<0.05),
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