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Abstract:[Objective] This study investigated the effects of y-PGA on growth and fruit yield of pepper
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and the alleviation of pepper seedlings under cadmium (Cd) stress to provide basis for high yield cultivation
and Cd pollution control. [Method) After foliar spraying of 0.1 g/L y-PGA,changes in biomass of the hy-
droponic seedlings of hot pepper cultivar ‘Chuanteng No. 6’ its and fruit morphology and yield in pots were
studied. Under 0,5,and 10 mg/L Cd stress treatments, growth rate,changes of chlorophyll content, antiox-
idant enzyme activity,chlorophyll fluorescence characteristics, mineral element and Cd content of hydropo-
nic pepper seedlings were further analyzed after foliar spraying of 0.1 g/L y-PGA using foliar spraying of
distilled water as control. [Result] After application of y-PGA, fresh weight of pepper seedlings and
amount of fruit per plant were significantly increased, and yield of fruit per plant was increased by
15.94%. Under different Cd levels, shoot growth rate of pepper with foliar application of y-PGA was sig-
nificantly increased. Especially under 10 mg/L Cd, growth rate with foliar application of y-PGA was in-
creased by 68.89% compared with control. Under 10 mg/L Cd,chlorophyll content was significantly in-
creased and even restored to the level without Cd stress. The y-PGA application enhanced leaf maximum
photochemical efficiency (F,/F, ) ,actual photochemical efficiency (@PS][ ),electron transfer rate (ETR),
and photochemical quenching (¢P) under Cd stress treatments, while significantly reduced non-photochemical
quenching (NPQ). As a result,it effectively improved utilization of light energy in leaves. After foliar application
of »-PGA, antioxidant enzymes including SOD,POD,and CAT were significantly increased under different Cd lev-
els. The y-PGA application also resulted in high accumulation of Fe, Mn and Zn in plants under 10 mg/L
Cd,and decreased Cd accumulation by 19. 05%. [Conclusion) Foliar application of y-PGA effectively pro-
moted growth and yield of pepper. It also effectively alleviated the damage to pepper caused by Cd stress.

Key words: Ca psicum annuum L. ;y-polyglutamic acid (y-PGA) ; cadmium stress; chlorophyll fluores-

cence characteristics
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Fig. 1 Effects of y-PGA on fresh weight of
pepper seedlings
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Effects of y-PGA on morphology and yield of pepper fruits

W S nt K /d

Harvest time

kit /g
Yield per plant

LK/ em
Fruit length

Table 1
T R G TR &
Treatments Fruit number per plant  Single fruit weight
Xt #8 Control 28.20+1.29 b 6.01+0.14 a
0.1 g/L y-PGA 32.0040.50 a 6.1540.13 a

55.2844.53 b
65.91+2.61 a

169.6247.25 b
196.664-10.48 a

14.00=0. 46 a
14.8040.72 a

T R B P S AR 227 R SRR S AR AN /NG TR R 22 R B 500 BEKF L TR

Note: Values in table are “means= SD”,different lowercase letters indicate significant difference at 5% level. The same below.
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£
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Different lowercase letters indicate significant difference at 5% level.
The same below
2 yPGAXF Cd [l B4 f AR R 19 52 )

Fig. 2 Effects of y-PGA on growth rate of pepper

seedlings under different Cd stress
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Fig. 3 Effects of y-PGA on chlorophyll contents of pepper seedlings under Cd stress

2.4 y-PGA 3t Cd BB
=A1|

M2 2 Al Bl Cd B3 i im &, it 2 R 95k
ZH F,/F,.qP.®PS Il fil ETR ¥ & ¥ T [, 1
NPQ W & 2 | Jh. v-PGA 4b 3% 1E Az 4 BB
WS ETCH B, T R E Cd(5 mg/L) B
R, 5N v PGA M L, y-PGA b BRI
ETR I &30, NPQ i 2 R, A2 e S 800 i

BEMASEMHEFEREEN

ARk, 10 mg/L Cd Jilr 38 ff BB F 5 5% 1k 2% 3%
R B P EAME] L y-PGA W RE il 2 153 B 4 25 2%
fitt 8% F,/F, JCi 2240, qP . OPSIl J¢ ETR ¥
W E TR (P<T0.05) , /3 A K it v-PGA b3
I 19.52%,13.89% A1 13. 16 % ; NPQ W & & [ ik
6. 90 % (P<C0.05) s (H AR F . K9S B i &
RFEFAEKYN.

% 2 vPGA 3t Cd BB BRI 48 R 30 45 R 2200

Table 2 Effects of y-PGA on chlorophyll fluorescence characteristics of pepper seedlings under Cd stress

Jipi

Treatments F,/F, qP NPQ OPS|| ETR
Cdo 0.7740.009 a 0.7840.026 ab 0.42+0.013 e 0.52+0.016 a 12.41+0.356 a
Cdo+PGA 0.7620.026 a 0.7940.025 a 0.4140.009 e 0.54+0.015 a 12.81£0.538 a
Cd5 0.74740.027 ab 0.7240. 006 cd 0.49%0.013 ¢ 0.4440.015 b 10.56=20. 230 ¢
Cd5+PGA 0.74720.007 ab 0.74740. 021 be 0.4540.020 d 0.4620.011 b 11.3720. 105 b
Cd10 0.7040.007 ¢ 0.631+0.021 e 0.58+0.015 a 0.3640.019 d 9.044-0.428 d
Cd10+PGA 0.7240. 010 be 0.6940.023 d 0.5440.010 b 0.414£0.021 ¢ 10. 232£0. 256 ¢

2.5 v-PGA 3t Cd B8 SR A B iE 1 B 720
o1 3 AT LUA . Cd B 35 B AR 1 Bt A
P4 BT 4P Tl 3 1 o L T 3 R o T T T e A

Bl HEY Cd BEHRE N 10 mg/L &, SOD,
POD.CAT 3 M 8 & W38 40 B (Cdo) 43 51 B AR T
22.65% ,24. 60 % F01 34.45% .

x3 vPGA X Cd BrBEHM I KU BEE TR R IT

Effects of y-PGA on antioxidant enzyme activities of pepper seedlings under Cd stress

POD/(U g™ 1) CAT/(nmol « min~! « g~ 1)

Table 3
Kb Treatments SOD/(U -« g™ 1)
Cdo 151.29+1.61 b
Cdo+PGA 169.66+8.61 a
Cd5 136.2340.91 ¢
Cd5+PGA 159.90+£7.62 b
Cd10 117.02+4.17 d
Cd10+PGA 122.71+5.04 d

2471.36£35.99 b 361.01£7.22 a
2 946.92E£161.45 a 376.76£5.45 a
1922.80+£48.46 d 295.86+£16.22 ¢
2 225.23%£57.52 ¢ 335.19+14.56 b
1863.494+7.16 d 246.98+11.27 d
1903.38+£74.44 d 306.70£1.78 ¢

3 WoR i v PGA 1l LIA 2t Cd /4l
HFEH . K2z Cd Whia o, il H y-PGA RS L i 2 3
% SOD Al POD i 1 B CAT 3% ¥ Th i A 8 3% 5 24
Cd BT W EE N 5 mg/L B v-PGA 43S BRAR M A

) SOD.POD, CAT ¥ P 43 1l 458 oK Wi it y-PG A &b 38
WEFE T 17.38%,15. 72% F113. 29 % , SOD 3%
HERSATIERE A KK &% E Cdo
mg/L) Bl A CAT JPEE AR RN v-PGA 4b B 5
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FEIRE T23.90%(P<<0.05), BiHH v-PGA &b B X%

KA Cd W38 T 09 B A g s R A W SR BEE T

8 Cd 36 2 B 0 EE B 33 AR AR A P U 58

2.6 yPGAI CdBrEHMHE CIRERFTES
=4:0b-A0|

4 nl, 2 Cd ik o8 10 mg/L B,

y-PGAKN 5 BRAUE AR 19 Fe . Mn 1 Zn 7 & 43 ) &
FHEIN T 24.04% .82, 95% F1 45. 68 % 5 M T W it
Y-PGAR] L) 5 25 410 i) BRABUCRE Bk % Cd 9 W Wi, it
Y-PGA Zh BRI Cd 75 5 AR it b B I & AR T
19.05%.,

F4 yPGAX CdMBERERMFASTER Cd SERF M

Table 4 Effects of y-PGA on nutrient elements and Cd contents of pepper seedlings under Cd stress  mg/kg
b FH Treatments Fe Zn Cd
Cd10 24.0440.85 b 7.92+0.12 b 2.7840.01 b 83.8945.32 a
Cd10+PGA 29.8242.01 a 14.49+0.28 a 4.05+0.19 a 67.914+2.42 b
3 Wi JGRE R MW A% 3B AR ORI X BC S B0, BT T Cd
> Y

Y-PGA My — i B A= 49 IR 384 245 o n] A2 ik
A SR A R, X B R 7E 3 R i A
GiAEY) AR TIESE. A HATXE v-PGA fie it
R A K BHLR 18 AN TS 2 L H AT B A B, % B
B LS A R SR R BRI R B R
KA it PGA L AT e BE A2 AR AR IS B e A bR
f Jo ek L B B 35 2K e g i T 0. 1~0. 3
mg/L y-PGA W] A 24 i i N & A i ™ 8 0 A
B ARBESE R D 0.1 g/ v PGA RAL
BTN Y K B BN B A S R T ELU R AR T A
AR, S B ™ s RORIE R T R 1]
It - y-PGAXS BROBUR bk A2 1 K™ A7 B 2 19 fie AR
X5 AR AR -8

MRS H T HYOLE R P OLRE i
1B A e AP AEROEEZAE . Cd B AR
Jei BE A% 40 ] it 2o 3R G IR S 8 19 955 A R A
ZRAR G L B S 2K A i T DR 2 T 4
WA 0O A R AR S P fE Cd Bl T B
ARy 3 AR R AR R 2 B R AR
i R IJUHGERAE 10 mg/L Cd Wi T, B4
b 1R AE KRR T 800 MM AR R SR T
29 250050 v-PGA Ji . & R & BT e R K
AR FIN Y] v-PGA RERE A 2 S Cd Whia Xt
AR it 2g 2R A A IR AR . AT R - PGA R
A AWy AT A W 5 o ST A R T A D LR
AR W 1 OSOM) T TSR3 R K A T B
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