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Optimum leaf based on photosynthesis and fluorescence
parameters of pepper seedlings under drought stress

ZHANG Zeyu, CAO Hongxia, PEI Shuyao, LI Manning
(College of Water Conservancy and Architectural Engineering , Northwest A&F University ,Key Laboratory of Agricultural
Soil and Water Engineering in Arid and Semiarid Areas of Ministry of Education ,Yangling ,Shaanxi 712100, China)

Abstract: The purpose of this study was to clarify the change rules of photosynthetic and fluorescence charac-
teristics of different leaf positions under drought stress, and then select typical leaves to accurately measure photo-
synthetic and fluorescence parameters of plants under drought conditions, to achieve rapid evaluation of photosyn-
thetic capacity of plants under drought conditions. The photosynthetic and fluorescence characteristics of pepper
seedlings at different leaf positions under different drought treatments ( Sufficient water supply (CK) : 75% ~85%
field water capacity; Moderate stress (MS): 65% ~75% field capacity; Severe stress (SS): 55% ~ 65% field
water capacity ) were compared and analyzed by pot experiment. The results showed that, with the increase of the
leaf position, the gas exchange parameters ( net photosynthetic rate, transpiration rate, stomatal conductance ),
chlorophyll content, leaf area, chlorophyll fluorescence parameters ( photochemical quenching coefficient, PS II
maximum quantum yield of photochemical reaction) first increased and then decreased and reached the maximum at

3" leaf under sufficient water supplies. Under drought conditions, the parameters of each leaf position decreased
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gradually with the increase of water stress degree at 1% to 3"'leaf position, and the parameters increased first and
then decreased at 4" to 6"leaf position, but all reached the maximum value at 4"leaf position( except C,, F,, F./
F., NPQ). Under MS and SS, the P, of the third leaf position decreased by 14.05% and 55.91% compared with
CK, respectively. P, of the fourth leaf increased by 25.20% in MS compared with CK, and decreased by 15.42% in
SS compared with CK. The third and fourth leaf positions were the main contributors to the growth of pepper seed-
lings. However, the variation coefficients of photosynthetic parameters, leaf area, chlorophyll concentration and
chlorophyll fluorescence parameters at the third leaf position were larger than those at the fourth leaf position under
water stress, especially for C;, Chlb and F, the variation of photosynthetic parameters, chlorophyll parameters and
chlorophyll fluorescence parameters was the largest, and the coefficient of variation of the third leaf position was
133.33%, 180.00% and 200.00% higher than that of the fourth leaf position, respectively. The third leaf position

was more sensitive to water stress. Therefore, the third leaf position should be selected to measure photosynthesis

and fluorescence parameters of pepper seedlings in drought stress experiment.

Keywords: drought stress; pepper; leaf position; photosynthesis; chlorophyll fluorescence

FeATERRAEY A K I AR R P 2 —
YEYIAT B 1 B B8 90 2 e e e ) 4 b ol 5 4
YRl A AR BEvE R R S B M A R A A
THEERMEZESRE R h b s e R &
A E B W T Sl 45 22 5 B 0 v AR e AR R
JEE bR T RERR G A ROIR BRI e A RE T, O
SR AR I R T AR 4y
TG RE A, B T 6 A 1E FH I RE A RE 1 45,
A B R A6 RE LA R B Uk .
HRIH 2R 28 ¢ Y R PR 2 S S A ) O R G i
FRRBL Y B RO A VE RIS IR A, Bk
2 A AR N 2 R A B MR
B A2 AL 2= B 8 B R A
TOLERRIED . HETHTEE 7S5
AN ES — B X T AE Py i Fr 1), BB AR X i 5 7
PERE b Nz R A AR A, X T
G TOSEONE R F R G e e, R
FEIWFFE T 138 3k 8 2 ) g ke I o it 4 3%
i ARSI SR G RS S E, DT
WREA W AT, Lo 3l R BN 8 4
JETT (i ML RS = R sl S pU A R oE 4
JRIF T AL R O AE R . B, BT
VEPERY I R AR R T AT R TF T AR A O B UK BB
FERRBR IS A MLFRRL I 00 (R X S 5 O
WA HEAFATE ST haert 28 fk, A wf
FEAFH EMRE AT, iR A, R A g i —
FINMA AL, KB Z AT A8 i 1 55 P AL R 5
H1 CAT . POD F1 SOD G PEMIME# M g, w#
KT Rubisco 16 P/ ik, 3B L Z B,
D S (=0 RN 0/ < = s R W ¢ N VA N
KE BT, AR M A RER TR BT, R

PR AR R B R, AR E R AR &
TR R IF R, L A B ALY 3, A AR
NIk S R A R OE A 7= P £ 2 sk
SR, 3% LEI F 156 A 1 B 5L bk 36 1 i) 137 1]
AR E 2R R, 8T 550 F A7 5%
I EITEE NS EON A FRRANIE

B ( Capsicum genus ) J& T HnFHHUS | J&—4F
AN 7/ S RN = U STER S TN
a0 I R S TN LT ) SR €0 1 S P 5
BB WAL LB, B TR R Y,
HRAH T 55, AR AL B, ik 5 2 T 55
M FE LIS A T e 4
FEEE 1 7 56 3 s 4 oiRert RIS e
JSH AR T R AR RS I X K 4
JSIER 3 U R TME R ED = a4 G TR R R
AWFE

PRt ASHIE G I 3 A A 1 1~ 6 M RLEE A
[ sy 7/ STER 2 N 2 S T N W N aE 1 (2 L
BRIENSEIMEN R, WRTRAETAR
(] 57 P o7 P AL A 5485 1R XoF 7K 43 W 3 e R 1)
— A DIREME A T R4 T ol Bl E e A 5t
SRR BRI B DU T 244 FOLAER R
HIM S %
bR
L1 R RS e R

I T 2020 4 5—7 HAEPHILRMPBHE K 2E R
AP K - TR R 5 S5 % H OB IR = ik
17(34°17'N [ 108°01'E, 14K 521 m) . %X )& Bz i
2R KRR U, 245 K 3 632 mm, F 8
ETE 6—10 A 4E¥ZE ki 1 500 mm, 2471



55 4 39

ST AR T A T B DL S S PO S RN E I e T 35

A 12.5°C ,F X H BRAF 42 163.8 h, TGFEI 210 d,
PERE R B, SRy < et R oy &
A A P AR AAMRBHE R AE B 0~20 em R 1
2, BT 1.4 g - em™, HIAHF KR 33.6% (1KF]
FIKEK)

KB WA T M, 7 4 1 10 E A
(2020 4F 5 H 29 H), 75 % ff 5 i 25 18 . 5 75
0.071 g JRE (N:46.4%) .0.314 g BEIR — 84 (P,0,:
42% ,N:15%) .0.404 ¢ BiFR ¥ (K,0:54%) , &1l
JE IR K, BRI E IS (6 i) FFIR 7K 43 i ia
AbBEBER 18 00 SR FHFREE IRk, {18 55 K &
HeFprEiE N, A 3 kb B, B+
BEAHXT 5 /K 353 31 h A+ M H R R K 1 75% ~ 85%
(XFRRZ CK) 65% ~75% (5% Wyie MS) 1 55% ~
65% (FEJEA SS) . 7F 3 AH X 75 /K 1k 5 - 4b
FHURH O FBiR 0 F2 P A 2R 10,13 .16 K (8 IH-41) X ki
WM BB R BIFH 1 ~6 M7 dE T35 AR
SR B FR 5T 3 R, SR AR 0T %, K/
Jo. EOHAEX TR EAXE AN 14.7 cmx9.1 cmx11.4
em, FARE T 1 kg, IRt R BEAFIAE 1 BEBR
B, BN AR EE 10 BR, SRR 30 B
1.2 MEEHRSHZX

(D) AR HSE, AL —FEEN 3 4
AL 1 7, FRH 3 4, A T0Us ) T S8 4 R T
) 1~6 F i, R Li-6800 {8 #5 X 6A AU E IS K
9 : 00—11 : 00 MEH LA HRE(P,) MME CO, ¥
JE(C,) SEILFE(G) MEBHEF(T,)

(2) o R St g R e ot = 8, i H
PlantScreen ¥ 4 ¢ A i 1% & 4t FluorCam 700 MF
( Photon Systems Instruments, Czech Republic) %I £
Az Y AR S O S B A T I A, AL B
30 min JF AR AR R GE W E W 0 e 1Y
INGESE (Fy) . M A B9 PS T B KOt 1k 22 3 &
(F/F,) e KR L (qP) ARG K &R
B (NPQ) FFEM R IOCSEL,

(3)MHeR R A P RS, N 80% I i
PRI A R SRR DR BRI
M4 AR WO, 3830 Beer—Lambert 22 2035
He iz .

Chla=12.21XA,~2.81 XA,
Chlb=20.13%A,~5.03%A
Car=(1000XA ,,~3.27xChla~104xChlb) /229
TChl = Chla+Chlb
FHZD P AR AR OR T,

MR A (g 5 )= T
FW x 1000
X, ¢ M SR E R E (mg - L), FW Sy fif
H(g),V, AERBOR AR (mL) ,n IHREATEL,

B A JE 55 10,13 116 K 3 d 5 25 S HL
SR AE SRy 52 B 25 SR, R Microsoft Excel
2019 X B i1 T A0 B 5 { A SPSSv.21.0 SEit4k
AT AR R T7 22508, 18 FH Tukey £330 7F P<0.05
J P<0.01 1 5 3 MK SF ik A7 2 5 He g, I
OriginPro 2021 YEH
2 R
2.1 KRBT B4 E A B M AL S L S8

sEA!

IK 3 Jolh 308 6T SRR 41 ¥ AN ] 57 AR SE He S8
BRI WL 1, B 1 AT, K A B (W) A
(L) BoKA S5m0 s BEAER (LxW) XF P, .G, .C
T A2 IR 3 T A w2 7K (P<0.01) , FHIET 1A
1B 1D R, 7EAH R K 43 Ab BE R, B & A7 A 386 Jin
(1~6M10) P, .G A T ST s ek, Hi, w0
HEKEE, P, G AT T 3HESE 3 Mk 2 e KA, 43 5
45.81.0.08 .4.42 mmol - m™> - s~ FF 5 HA A7 5
325 (P<0.05) ; MAE/K A Wia i (MS.SS) , P, .
G T IFESS 4 MR B RME . X T Rl —mAr,
Bl 2 7K 20 Wit 72 B A 3N, 1~ 3 MY P, G R T,
BT, 4~ 6 M85 S 8UE S T 5 ) BR AR, 7
MS b3 B A

CHIZARfb#a¥ S P G A T AR, HIE 1C 7]
A TEAHEIK A BT, BE 7 138, € e REAR S
Fh, Hod FEFE K 28 3 LY C AR,
1 235.94 pmol « mol ™", T 7E K 43 38 B (MS . SS) ,
55 4 ALY C B SR/, 43 5118 242.58 pmol + mol ™
#1256.45 wmol - mol™ o X} F 6] — M4z, Fifi & /K 43
W R BRI, 1~ 3 FHOLAY C{HZHTHE R, 4~ 6
MY C AESEREAR S TH i, MS AbBE C (B FEFE
K,

2.2 K4y B X ERHSD E AR B AL E AR A S0

IR A3 T3 XoF S 40 ¥ A [R] A7 - T ) S i)
DL 2, KAy AL B 7 K K oy 5 A Y 22 EAE
Pt b T R A T B S R I (P<0.01) , IR 2
AL R[] i T R AR fR R SR P AL, FE A
[l 7K A AL BER Bt 25 A7 B4 38 o, i 1 AR e 16 KR
VSN 11T TR — Ao, Bt 25 7K o J 0 R B A 38 K, 1~ 3
I 7 1) - T RS TR /N L 4 ~ 6 P57 1) I T FR S T
JEFREAG, Hor  FEFEAMIK AT 55 3t o7 () i T AR



36 TR A X AR 5540 4

[ ) 4By

T’“ —
3 -

: .
= g
= =
E o
Z g
= <

360 0.006 [ ()

Ac —~
=~ 37 BdBeAd BeBdr= T
S 240 a -] .+ 0.004
=} |
. E
£ 5
=1
2 120f =0.002
0 b NS L b s R 0 :
1 2 3 4 5 6 3 4
It £i7. Leaf position It £i7. Leaf position
I CcK CIMs E=dss

AR E R R KA BER] 22 57 18 3% (P<0.05) ; A R/NG F-RER R 7] 22 53 .35 (P<0.05) , FA,
Note; Different capital letters indicated significant difference between water treatments ( P<0.05) ; Different lowercase letters indicate

significant difference between leaf positions ( P<0.05). The same below.
B 1 AELETHERBSEARMISELZRSH

Fig.1 Gas exchange parameters of pepper seedling at different leaf positions under different treatment

x1 KGHEMEREZEERY

SEZHSHZ NP EEES 4000
e Bk ms s Lo
Table 1  Significance analysis of water treatment, leaf position Wk
. . Aa LX W **
and their interactions on gas exchange parameters "z 3000 | Aa
E Bb  Bb
P G C. T B Ca Abc
HiH n s i o 2 i Ac
/(pmol - m™2  /(mol - m™? / ( pmol /(mol + m™~ « 2000 13 4o - Bed Cab BedTgpe , Acd
Item S ABd Bed Ae T Acd
s S ) ) 3 Ba
L % % EES % % % % :-;— 1000
W % % EES ® K ® ok =
LxW * ok * ok * ok * %
0 I
V£ LW, WK ST AR, LW (3 5K 53 19 38 T 5 ! D Leafooekion o
N . . “fi7. Leaf position
FI o " FIRANKNESF HITE 0.05 F10. 01 KF ERRHEAGIHAE
X, FH, 2 AEIALIE T HRHA) B A B AL E AR
Note: L —leaf position; W — water treatment; L X W — interaction Fig.2  Leaf area of pepper seedling at different leaf
between water and leaf position;“ # ”and® * * ”indicate that the corre- positions under different treatments

lation has statistical significance at the level of 0.05 and 0.01, respective-

ly. The same below. 0.01) (#2), MK 3A 3D A%, [/—/K5PAbH T

R38N, Fo 5 NPQ 310 SE RS TH i ik 5,

K, 9280067 mm”, S FRMHAR (MS FISS) 504 e g2 35 40 ok it 45 3 0EBLEY F, 55 NPQ {5

7 B T AR R, 43 s ] T 2 919,31 mm® Al JINL 5351 264.75 Fi10.68 ; 1 75 7K 43 k3t i (MS Fil

2 05126 mnr’, $S) 45 4 WFL ) F, 5 NPQ fiifie/h. X TR — it

2.3 KGBMEXHMGYERRM I RERALS 7 KoM IRaTRE I, F, R EF 0 i NPQ

B i 1~3 E-RHEH N, 4 ~ 6 00 5 SR (7
BRILA B AN R A S A S EZ KA b #E MS A PRI /N o

PR A KK o 5 A7 i 32 B FH 2 i e 2 (P< F/F, qP WL EHRS F) NPQ M., HIE



55 4 3

ST AR T A T B DL S S PO S RN E I e T

37

3B .3C AT, 7E AR K ) Ak 3R | BB s F L/
F 5 qP JEROE R, 55 3 M 25 81 Ao i ;
TRl 7, B K436 B FR 4 I, 1~ 3 £ £
qP SEH T W, 4~6 WL oP JETHE G MR AR, Jorl,
MS AbH 4~ 6 MBI P % CK 4> BN 12.53%

4201

A
Babr=
™ Cb[™]:

{7 Leaf position

I CK

11.27% } 14.30% , 530 5 25 BEAIK T 45 7 19
F/F, , BLKE P38 F2 B 0 3 m, F o/ F 87 T B
TEMS 5 SS 4BH 55 4 ML) F/F BB, 53500
0.78 #10.70.,

0.9r (B)

A
Acpe  Abpp gy AbBa  AbBab  Acpyp
Che Ca |Ca Cb
Eal L =]
0.6 K .-
S 2
=~ o3l I
0 [
1 3 4 5 6
{7 Leaf position
1.2 (D)
Iy Ab Ab
a I Cr. ABaB
g .Bb Ac c a
0.8 Cb Bé\bC-A. ABCACAId ABb 3- .
] 2 : .
& - g
= g 2
0.4}
0 g -
1 2 3 5 6
{7 Leaf position
IwMs [=Iss

B3 ARELETHRBLGEARMAMERERELSH

Fig.3  Chlorophyll fluorescence of pepper seedling at different leaf positions under different treatments
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Table 3  Photosynthetic pigments content of pepper seedling at different leaf positions under different treatments

IR IR b B Chla Chlb Car TChl

Leaf position Water treatment /(mg-g™) /(mg-g") (mg-g") /(mg-g")

CK 3.50£0.12Acd 2.34+0.12Acd 0.79+0.03Ac 4.29+0.14Ac

1 MS 3.11+0.02Bd 2.18+0.09Ac 0.67+0.03Bde 3.78+0.05Bde

SS 2.53+0.04Ce 1.76+0.01Bd 0.55+0.00Cc 3.08+0.04Ce

CK 3.98+0.14Ab 2.58+0.05Abc 0.87+0.01Ab 4.86+0.15Ab

2 MS 3.25+0.04Bd 2.33+0.05ABc 0.76+0.03Bcd 4.00+0.02Bd

SS 2.87+0.00Cc 2.12+0.20Bbc 0.66+0.03Ch 3.53+0.03Cc

CK 4.43+0.19Aa 2.94+0.16Aa 0.99+0.02Aa 5.42+0.18Aa

3 MS 3.89+0.08Bb 2.57+0.03Bb 0.87+0.00Bab 4.77+0.08Bb

SS 3.04+0.03Cb 2.23+0.01Cb 0.77+0.03Ca 3.81+0.05Cb

CK 3.65+0.10Bbc 2.74£0.13ABab 0.85+0.03Abb 4.50+0.07Bbc

4 MS 4.23+0.13Aa 2.87+0.12Aa 0.92+0.08Aa 5.15£0.13Aa

SS 3.41+0.05Ba 2.57+0.09Ba 0.81+0.01Aa 4.23+0.06Ca

CK 3.07+0.20Bd 2.09+0.01Bd 0.70+0.01Bd 3.77+0.18Bd

5 MS 3.55+0.08Ac 2.35+£0.03Abc 0.79+0.03Abc 4.34+0.08Ac

SS 2.78+0.02Bd 1.90£0.04Ccd 0.58+0.01Cc 3.36+0.03Cd

CK 2.62+0.20Be 1.60+0.18Ae 0.50+0.03Be 3.12£0.19Be

6 MS 3.20+0.08Ad 1.85+0.11Ad 0.57+0.03Ac 3.77+0.10Ae

SS 2.25+0.02Cf 1.17£0.02Bc 0.38+0.01Cd 2.63+0.02Cf
{37 Leaf position( L) * % % % * % ® %

Kb B

Water {ijjtment (W) o o o o
LxW % % * % Y
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Table 4 Variation coefficient of parameters at 3" and 4" leaf positions of pepper seedling under water stress

2 55 3 M o5 4 SR 5% 3 55 4 S8 %3 i o5 4
Parameter 3" Jeave 4™ leave Parameter 3" Jeave 4™ leave Parameter 3" Jeave 4™ Jeave
P, 0.38 0.20 Chla 0.19 0.11 F, 0.06 0.02
G, 0.26 0.12 Chlb 0.14 0.05 F./F, 0.11 0.07
C; 0.07 0.03 Car 0.13 0.06 qP 0.15 0.06
T, 0.13 0.10 LA 0.21 0.18 NPQ 0.06 0.03
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