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Effects of drought stress on photosynthesis and associated physiological characters
of pepper

OU Lijun"***, CHEN Bo', ZOU Xuexiao>*

1 Department of Life Sciences, Huaihua University, Huaihua 418008, China

2 Key Laboratory of Hunan Province for Study and Utilization of Ethnic Medicinal Plant Resources, Huaihua 418008, China

3 Vegetable Institution of Hunan Academy of Agricultural Science, Changsha 410125, China

4 Key Laboratory of Hunan Higher Education for Hunan-western Medicinal Plant and Ethnobotany, Huaihua 418008, ChinaX

Abstract ; Increased human activities have had a significant impact on the global climate. Abnormal changes, such as
drought stress caused by long-term un-rain, can affect plant growth and development. Pepper ( Solanaceae), originally
planted in tropical areas of South America, not only has medicinal value it has the highest vitamin C content of all
vegetables. The International Board for Plant Genetic Resources (IBPGR) has classified pepper species into five species
Capsicum annuum L. (CA), Capsicum baccatum L. (CB), Capsicum chinense Jacquin. (CC), Capsicum frutescens L.
(CF), Capsicum pubescens Ruiz and Pavon (CP). CA is the most differentiated, widely cultivated species being the focus
of pepper breeding worldwide. Screening of resistant germplasms is one of the most important measures against abnormal
climate changes. Pot experiments were employed to determine the photosynthetic response and associated physiological
characters, such as superoxide dismutase (SOD) and glutathione reductase ( GR) activities, root activity and adventitious
root number, of five domesticated and one wild pepper species ( C. baccatum var. baccatum (CBY)) to drought stress.

The photosynthetic pigment content decreased the net photosynthetic rate ( P ) of all tested peppers continued to decline on
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the first day of regular irrigation, then started to increase on the second day, and almost recovered to normal levels by the
seventh day. Non-photochemical quenching (gN ), water use efficiency ( WUE ), and root activity had increased
dramatically, the SOD and GR activities of all the pepper species first increased, being highest on day 4, and subsequently
decreased. The number of adventitious roots slightly increased in all peppers, suggesting that pepper has a stronger
resistance to drought stress. The results also show that changes in the above parameters vary in different species. CB had
smaller decreases in photosynthetic pigment content, P, and stomatal conductance (g,), and greater increases in qN,
WUE, SOD and GR activities and root activity, indicating that CB has the strongest resistance to drought stress. CC and CF
showed bigger decreases in photosynthetic pigment content, Py and g, with smaller increases in qN, WUE, SOD, and GR
activities and root activity, indicating they have weaker drought stress resistance. In addition, the wild pepper, C.
baccatum var. baccatum ( CBY ), had the smallest decrease in photosynthetic pigment content, Py and g , with the
greatest increases in qN, WUE, SOD, and GR activities, and root activity. This indicates that CBY has better resistance to
adverse environments than all tested species, which is perhaps caused by the loss of stress resistance genes during the
process of domestication. Our study found that, of the species tested, the ability to resist drought stress is strongest in wild
pepper CBY. Of the five species tested, CB had the highest photosynthetic rate and strongest drought resistance capability.
In conclusion, we suggest that crossbreeding of domestic and wild pepper species be considered for commercial breeding.
Such a measure will not only expand the genetic pool, increasing genetic distance and eventually increasing production; it

will also to introduce elite stress tolerance genes improving each species’ ability to resist adverse environments.

Key Words: pepper; drought stress; photosynthetic characteristics
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BB [ 2277t — R 0 A 365 1 P SRV A5 SOD  POD | CAT 45 5 77 1% 14 34 o 17 422 v L 7
PET L B R AR A A e e 2R A IR T SR RS ek SR P e Y R b
AR I L 28 ORI BRI Y S 2 — 7 — SR AR B T RSO L AN 1 AR S AR AR
Yy, R | I T R SE PR H X, e — RO AR B S, B 4R AR R C RS TR R P s AR — 1L
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frutescens L. F Capsicum pubescens Ruiz & Pavon 5§ 5 A3 85 A, 43 5 @ #X & CA . CB ., CC,CF 1 CP, DA M
Capsicum baccatum L. BJEFHEFN Capsicum baccatum var. baccatum ( %A CBY) ,
1.2 ik
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4—5 H,5 DARIEFA L ASEAE R SRR KBRS 1 BRI T EAR 1 m TR KA,
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B 3 R B,
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wmol photons+-m™s™" FHRRDEEHAR(Py) AL (g,) MEBER(E) FH A S IFHEK
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Table 1 Photosynthetic pigment content in different pepper species. Chl-chlorophyll. capital letter or lowercase mean significance at 0. 01 and

0. 05 levels, respectively

{62 # & Pigment content/ (mg/g T )

4% a Chl a M4¢% b Chl b FKH PE Car
CK D5 N/ % CK D5 TR % CK D5 RS %
CA 9.83+0.58%"  8.95+0.89%  8.95B  4.28+0.12%>  3.95:0.32%  7.71%  1.51%0.11%  0.94x0.07" 37.74M
CB 9.31+0.42%  8.48+0.41™  8.91%  4.45+0.21%  4.21:0.24% 539"  1.19+0.23%  0.85+0.08% 28.57¢
CBY  9.51+0.35%  8.93+0.23%  6.09°  4.23+0.42%  4.15+0.14%  1.89%"  1.28+0.24%  1.05+0. 10" 19.04%
cC 8.05+0.78%"  7.28+0.74®  9.56%  3.59+0.25“  3.27+0.25%  8.91%  1.09:0.10“  0.71x0.03“ 34.86"%
CF 11.15£1.00%  9.95+1.00%  10.76™  5.35+0.53%  4.95+0.36%  7.47%  1.06+0.08“>  0.81+0.05% 23.58%
cp 7.92+0.74%  7.09+0.45% 10.47%  3.87+0.14%  3.49:0.11%  9.81%  1.12x0.14“  0.75+0.01% 33.03%%

CK Xt IR #8 IE# /K &4, D5 T 54085 d

25 -~
dca
~ £ £ & CB
2 oL CBY
‘E ; :|I' M cc ] -
S [ 1 0 cF % X
O & Tl
= 154 % g Ecp I § &
g H E
E : J X
\Z E ]
£ 0mia N
= g \
&« ] A
25 M v
% g N
E )
o U 51 I B 1 - 1 [ 2]
0 D1 D2 R3 R4 R5 R6 R7

Qb PRI Time of treatment/d

E1 BEE#TRHEEEEGERNILER
Fig. 1 Net photosynthetic rate (Py) at 1000 pmol m™ s™! of different pepper species
0—D5 FFAbPREL, R1—R7 AbBH 585 MR AL KAL

F2 TEEFHTHEBER SASEMKSFRELE
Table 2 Transpiration rate (£), Stomatal conductance (g, ) and Water use efficiency ( WUE) of different pepper species. capital letter or

lowercase mean significance at 0.01and 0. 05 levels, respectively

ZEMEHCR £/ (mmol -m ™ -s7") LRI g,/ (mol (H,0)-m ™ +s7") K53 FIH# WUE/ %

CK D5 TR/ % CK D5 TR/ % CK D5 TR/ %
CA 3.26+0.45%  0.28+0.09™  91.4'"  0.47+0.08"  0.18+0.03%  61.70%  5.44x0.75%  7.54£0.14% 38.60%
CB 3.79+0.26%  0.42+0.11%  88.91"  0.43x0.08™  0.17+0.02%  60.46"%  4.35:0.68%  7.38+0.36% 69. 65"
CBY  3.1520.18%  0.77+0.23%  66.98%  0.44:0.04%  0.23+0.01%  47.72°®  5.79+0.39%" 10.13+0.41" 74.95%
cc 3.36+0.49%  0.37+0.08°  88.98"*  0.43+0.08"™  0.15+0.03™  65.11%  5.11x0.71®  6.24+0.33"™ 22.11%
CF 3.210.47%  0.29+0.08"  90.96*  0.55+0.02%  0.21+0.05%  61.81%  6.78«1.21%  8.34=0.18% 23.00"
CP 4.05+0.58%  0.44+0.10%  89.13™  0.34x0.02®  0.12+0.03™  64.70*  3.89+0.55"  6.55+0.13"™ 68.38"

CK AT IR 4R IEH K &AM, D5 T 5ALBE 5d

2.3 MHEIOCSHILE

X R VIR, 5 PS I AR B350, PS I S JOGAR = 77 8 (Fo/ Fm) FOGAL EHER
AR (qP) W3 T EE A A KR I (gN) WETE, Bl 508 T PS I i AN REHT T-e A2 S 9 i
P AE , W o ARG AR BRI LIS AE . CC R CF R E5RN 1Y Fo/Fm R qP T BRI BEAH TR B Az il
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CBY WI'FFEFIXHUIN ; CF BB M gV _ETHIREERCR , CB A BN B A AP CBY #Y L THIR R 23 /N T
PrA#SER (£ 3) .

K3 MHREIERESHILE
Table 3  Chlorophyll fluorescence kinetics of different pepper species. ~ capital letter or lowercase mean significance at 0. 0land 0. 05

levels, respectively

B F 7=/ Fo/F, JeAUF K qP JECAL 2K gN

CK D5 TR % CK D5 TR % CK D5 TR %
CA 0.824+0.03% 0.657+0.01%  20.26%  0.607+0.01°" 0.387+0.01°" 36.245% 0.601x0.002" 0.694+0.002°  15.47%
CB 0.817+0.05™ 0.64220.01%  21.41%  0.525£0.02"° 0.34120.01™ 35.04" 0.664=0.002* 0.748+0.002"  12.65%
CBY  0.828+0.02% 0.695+0.01" 16.06“ 0.634+0.01" 0.452+0.01* 28.70“" 0.575+0.002%" 0.602+0.002" 4.69"
cC 0.804+0.03°  0.592+0.01"  26.36%* 0.574+0.01> 0.341+0.01"  40.59% 0.625+0.004% 0.714+0.002>  14.24%
CF 0.83420.06™ 0.626+0.01% 24,94  0.652+0.02" 0.4150.01™  36.34% 0.554+0.002" 0.651£0.002"  17.50™

CP 0.801x0.04 0.636=0.01" 20.59™ 0.511+0.01” 0.318+0.01" 37.76™ 0.677+0.002*" 0.788+0.002*  16.39*
CK AT I8 AR IE# KA, D5 T 540 B 5d

2.4 JEEMELILE

TR HRETH, SOD Al GR IGMESA —E PR e, 58 3 RIA B K, 5 WIN R A #H5E 5 R IE PRI
FAEHRGTKT-(F2) . ANFEFEEF SOD Fl GR 62 T4 A B8 B A7 7E— & 25 5, CB F1 CP Y % P A
PR . CBY WS M 5 AR 5 R oA L 6 PR

600 ocA = o8
BCB E B
g S00F B CBY £
= nCc g% o
S5 400 £,
5% ©CF =
2 300 2
o 300 acp 2R 4T
£35 =<
Eo 200 mZ
E g 2T 2
100 | &E
=
0 2 0
piszlig|

Time of treatment/d

B2 FEFEET,SOD il GR iEFMHLLE
Fig. 2 Superoxide dismutase (SOD) and Glutathione reductase (GR) activity of different pepper species

2.5 MARNE I EMRECE

TREMT B RIE 1R EI AR A T 0 AR A — 1Y 25 5%, CF BRI F Y 1 iR
JER 12.05% ,AHXTHE/IN; CB i CP AR 85 Rl b T BE AR 8K, BF A Ff CBY B9 1 T BE e K (62, 11% ) (£
4), TR 5 DRI A A EARE G, Horh CF AR R3S g BEAR XS 3E/N, 1 5.36% ,CB 1 CP
R ) G IR BEARXT R (17.19% 1 13.71% ) AHABSRAK TR A CBY B 3SR BE , 3 — 77 11 2 HH 3R
AT LATE 3 384 AN 7 AR DA AR RS ORI S IR AR, 55— T TR BB [RL R B A e AR & B XT3 1)
M PEAFAE 225, CB A CP LK B A= R AR IR 2 RE H 4k (£ 4) .
3 i

M2 E A VE R £ 2 T, 2 X T R U 40 . SR RAE IR H 15 B0 T W Y Y6 e 32 22 )
oA B PG AR R IO MPFER 3 FIR AR IHAE, X 3 PSR MAER WM KR, 7otk
AU BOEAERER Y . SCA1EM 2 2005%E RIS S PS BB R Y, T 55 5 802k
SEAVA IR , PS A E A W47 , e KOGAR 23R (Fo/Fm) TR BRBGER IR T Hdb 26, 4%
PR B A SCRIRFFE R B, T 530085 UG S Fh 06 & (L3R T BRI BN K, 1 B A0 S S A BRI
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x4 WMEBHAMLSERYB LR

Table 4 Adventitious root number of different pepper species

M2 3% J1 Root activity/ (mg-g™' -h™") AEMEH Adventitious root number/No.
CK D5 B/ % CK D5 N/ %
CA 4.36+0.35"% 5.68+0.11% 30.27% 23.23+3.21% 26.23+2.25% 12.91¢
CB 4.20+0. 245 6.11+0. 16" 45,475 24.25+2.10% 28.42+5. 115 17. 195
CBY 4.25+0.38"% 6.89+0. 244 62. 114 30.36+4.764¢ 37.33+8.224 22,954
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