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Abstract: To explore the effects of the degree of salt-stress on the photosynthesis of edible sunflowers (hereafter referred to as “ed-
ible sunflower™) at the budding stage, the photosynthetic characteristics of the leaves and their canopy structures were obtained after
three degrees of salt stress classed as lower (LS), medium (MS), and higher (HS) total dissolved solids values (1.00, 2.68, and 4.93
g'kg ', respectively). The results showed that the three salt stress treatments dramatically decreased the net photosynthetic rate (P,) of
the leaves and reduced the number of leaves with high P,. When compared with that in the LS treatment, the maximum P, in the MS
and HS treatments decreased by 5.09% and 38.69%, respectively. In addition, salt stress reduced the P, of the top leaves. The maxim-
um P, values of the top leaves in the MS and HS treatments were 8.08% and 14.66% lower than those in the LS treatment, respect-
ively. The P, of all leaves was mainly affected by the synergistic effects of stomatal and non-stomatal factors in the LS treatment,
whereas it was mainly affected by non-stomatal factors in the MS and HS treatments. Salt stress also changed the plant type of the ed-
ible sunflowers. The canopy structure of LS treatment had a pagoda shape; however, the canopy structures of MS and HS treatments
were flat and cylindrical, respectively. Salt stress reduced the total and main functional leaf areas of edible sunflower. Compared with
the LS and MS treatments, the total leaf area of the HS treatment decreased by 56.03% and 47.74%, respectively; the maximum single
leaf area of the HS treatment also decreased by 38.71% and 49.46%, respectively. Contrarily, the maximum leaf inclination angle of
the HS treatment increased by 30.92% and 14.59% compared to those of the LS and MS treatments, respectively. Concludingly, salt
stress significantly reduced the photosynthetic performance and leaf area of the main functional leaves of edible sunflowers, causing
the canopy structure to change from extended to contracted, thereby inhibiting normal plant growth.

Keywords: Edible sunflower; Salt stress; Photosynthetic rate; Canopy structure
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Fig. 1 Net photosynthetic rate of sunflower leaves at different positions at budding stage under different salinity levels

LS: &2 B b baa; MS: SR ; HS: TAE LRI . LS: light salt stress; MS: moderate salt stress; HS: heavy salt stress.
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Fig. 2 Chlorophyll content of sunflower leaves at different positions at budding stage under different salinity levels
LS: B Eh ipafn; MS: r EEER b0 ; HS: B Eh A . LS: light salt stress; MS: moderate salt stress; HS: heavy salt stress.
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Fig. 3 Changes in the influencing factors of photosynthetic rate of sunflower leaves at different positions at budding stage under
different salinity levels

LS: #2 b bhaa; MS: HhEEER 3 ; HS: AE LRI . LS: light salt stress; MS: moderate salt stress; HS: heavy salt stress.
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Table 2 Correlation coefficients between net photosynthetic rate and its affecting factors of sunflower leaves at budding stage under
different salinity levels

. ; N ; M AR SFLBR
SASE O MECOMNE MR iR JERATECR LRI
Ab3 . Photosynthetically Stomatal T AR
Stomatal Intercellular CO, Transpiration Leaf temperature . . s
Treatment . active radiation limitation value Leaf area (LA)
conductance (G,) concentration (C;) rate (7) (TL)
(PAR) (L)
LS 0.819" 0.666" 0.920" —0.675" 0.637" —0.795 0.367
MS 0.865" 0.639" 0.922" -0.532 0.472 -0.767" 0.889"
Hs 0.911" 0.745" 0.984" -0.921" 0.140 -0.803" 0.701"

LS: BREEER M ; MS: rh SR HS: FEEERNE . *FTRTEP<0.05/KF B, **RIRTEP<0.0 1 /KB EHM . LS: light salt stress; MS:
moderate salt stress; HS: heavy salt stress. * means significant correlation at P<0.05 level, and ** means significant correlation at P<0.01 level.
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Fig. 4 Daily changes of photosynthetic rate and its affecting factors of the top leaves of sunflower at budding stage under different

salinity levels

LS: &2 B b baa; MS: SR ; HS: TAE LRI . LS: light salt stress; MS: moderate salt stress; HS: heavy salt stress.
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&l dc AT, AN [E o0 AbBE T, H AR 1 S S
BT 6 Y Al 2R, A HL ] 25 R R O B R (P<
0.05). LS ARy T, e KAH 1 BLAE 12:00, MS Fl HS
ANBRAY T, F KAE H BRAE 14:00, LS, HS AbFERL %%
A T b, MS Zb B AL EBUE & T b BR 8:00
1 14:00 b, LS AL FE 1Y 7, (5 ¥ 5 F MS F1 HS &b #,
% 18:00 #b, MS AbBEfY 7 {3 T HS AbBE . 33X i
W b Jolp 3 PR AR T 25 AR R A IOK BE g, R bhaE i
AT AN [R) B B - 14 2 6 ek i s/ o FLIE T B
M IR R, 3 M A 25 R 2%

1 &1 4d FTL, LS AR BRAY C; H AR £k 50U il 2k,
FE 12:00 35 e KAH, 16 14:00 15 /ME . MS 4bHE C,
HIAR AL AN Je TH IR B, 7 10:00 35 K AH, 78 18:00
ik /ME . HS A3 C; 1At a3k Se 1 i s, 13

PR, 7E 10:00 15 F2 KAH, 7€ 18:00 ik /ME . MS 4b
Y CBTE b 2F 8:00—12:00 /& T HoAth 5 43 4b 28,
HS A FEAE T4 14:00—16:00 =5 T HoAbER 3 b 34

Kl e h L 1 a5 R e B 5 T, LS. MS 4b 3y
FE 17 10: 00 B AR, Z 5 JF iR B JF, LS kb #EAE
14:00 J& X I 4R T %, MS Ab BRI FE4E T+, HS 402
M) LAETE L T HAL B, HF%E T, &
16:00 ik ft /ME, 76 14:00 & 16:00 A B A% T HoAth 4b
P, S TR T, 18:00 S T Atk 3

FE & 4f o, PAR I TL 52 50 T 5 B ) B g il 2k
PAR 7£ 10:00 Zc 47 ik i K AH, Bl J5 B ¥ T . TL 78
FJE 14:00 A KMH, R T . MG, C. L,
A5 K19 H AR XT P, BYSZ IR TR, FEAS [R] B B AN [
AR FER, P, B AR R TR

H1 LA o3 B n] LAAS Y, 45 4620 b 3 P, H AR AR
AN AT RESE i P, SR AN A A 35k Bt o 7 %) S T
TR
222 TIMHEXRAER (P)5&S

S

ANTRIER 53 4 BT 52 ) B FE 1 £ SE T Bk
R AR H R AR . 3T SPSS #fd, FH iz /R b
(Pearson) fil FLAH C REL 25 R 5 P, 2L a3
2% 3 AT, R R A A TR - P, 7 2 50 i 5
G.. T.. LL2IEMX, ZH8E5 C. TL. PAR &

AR P

R3 ARABAKETEEXMERAMMENGERE (P) SEEEMEX R
Table 3 Comparison of correlation coefficients between net photosynthetic rate (P,) and various factors in the top leaves of sun-
flower at budding stage under different salinity levels

e 2 SIS JiE COL MR %H%JE? i HEH %ﬁziﬁ%’r _ ﬁa‘LBE_%'J_{H
Treatment  O’clock Stomatal Intercellular CO, Transpiration Leaf temperature Photosynthetically active Stomatal limitation
conductance (G,)  concentration (C) rate (T) (TL) radiation (PAR) value (L)
LS 8:00 0.710" 0.575 0.632 —0.742" -0.572 -0.597
10:00 0.999™ 0.988" —-0.961" —-0.995" 0.983" —-0.996"
12:00 0.914" —0.680 0.990" -0.902" -0.978" 0.174
14:00 1.000™ 0.732" 0.992 -0.999™ -0.901" —-0.997"
16:00 0.826" -0.098 0.649 0.540 -0.684 -0.479
18:00 0.696 -0.778" 0.934" 0.714" —-0.945" 0.603
MS 8:00 -0.900" -0.931" -0.910" 0.751" ~0.436 0.930"
10:00 0.196 -0.995" —0.964" -0.310 —0.898° 0.996"
12:00 0.975" 0.791" 0.986" —-0.955" 0.930" —-0.924"
14:00 0.915" ~0.357 0.936" ~0.111 ~0.255 ~0.512
16:00 0.947" -0.707" 0.603 -0.143 —0.740" 0.453
18:00 0.910" 0.599 0.904™ 0.881" 0.843" —0.669"
HS 8:00 ~0.569 —0.988" -0.300 0.411 ~0.177 0.976"
10:00 0.661° -0.875" —0.801° -0.521 —0.458 0.165
12:00 -0.902" 0.927" 09717 —-0.910" —-0.978" —-0.928"
14:00 -0.325 -0.967" 0.968" 0.952" 0.296 0.959™
16:00 0.890" 0.858" 0.846" —0.186 —0.865" —0.854"
18:00 0.935" -0.994" 0.943" 0.950" -0.929" 0.969"

LS: FAEER A MS: hEEER e ; HS: TREEERMNE . *ERIRTEP<0.05/K T W35 AH G, **FRTEP<0.017K V- i E 41X, LS: light salt stress; MS:

moderate salt stress; HS: heavy salt stress. * means significant correlation at P<0.05 level, and ** means significant correlation at P<0.01 level.
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TL. PAR. L, (FHSCYETEAS R R 40 Ak B 2 [R] 45 48K
22 5%, T H K 23 KA R AR G EE A B .
IR 3 R 2 1 D DAL £ 2% 32 B R P38 TR 1 3 A
A T

AN, N AT P, 5 PAR FI TL A 6 % 2 ok
F, LS4 HAY P AUAE 10:00 5 PAR &2 IFE M %, 78
8:00—14:00 5 TL £ 1 AH ¢, iX 3B LS &b FE(Y P,
FE 5RO AR S5 N A S . MS AR P TE
12:00 1 18:00 5 PAR 2 1EAHE, 7E 10:00—16:00 5
TL 2 G, X Ui MS Zb B P, 7858 56 Al 7 4%
FFFEAG. HS A HLJL-F 4 K5 PAR 2 ¢, 7¢
10:00—12:00 5 TL £ 40 5¢, X Be I HS 431 P,
FER ARG | 590655 T AR BRI

HE— 25 A DG R EOR 43 M A [l 843 A 3T 4%
BE RO A B2 2R L R 52 (R 4).
GERR] LS AT, & 0B P, b S ALIN R 5 &
S AL, A BB A R B R AE A MS AR BT,
14:00 A BE, AL ZE & £ S by, HAr B fLI
R HIEIAEZ I FEAEM; HS 3T, KALAEHES
LA ZR PrREH
23 #HEMEREEXNKEEEEHNZE
231 X AREMAM A ERAZ D

&S AL, SRR oAb 3T, BEE  E SR bk
AN TG AE  J fg i  RR E EE B SE TH R R R . LS
A FRIEAEAESS 13 2 nt, A7 i AR A7 i AR 8/,
A I TR AR, S R AR 2 A A MS Ak BRI
FESS 6 i, BRI 41, Bt mARse KR,
F I TET AT 000N, R R T AR LR T R, T R
il 2S5 1 HS A PRI AE AR SRS 7 (i, & i 22 8] 22 5%

450
400

W
W
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300
250
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S

M FY Leaf area (cm?)

100

50 &

x4 RENEFHARESKETARERMEXSERANE
EXMEF
Table 4 The major impact factors of photosynthesis of sun-
flower at different periods under different salinity
levels at budding stage

bt N FACISER
Treatment O’clock Impact factor
LS 8:00 G, TL
10:00 G, C, T, TL,PAR, L,
12:00 G, TL, T,, PAR
14:00 G, C, T, TL,PAR, L,
16:00 G,
18:00 G, C, T, TL, PAR
MS 8:00 G,C,T,TL, L,
10:00 C, T,,PAR, L,
12:00 G, C, T, TL,PAR, L,
14:00 G, T,
16:00 G, C, PAR
18:00 G, T, TL, PAR, L,
HS 8:00 C, L,
10:00 G, C,T,
12:00 G, C, T, TL,PAR, L,
14:00 C, T, TL, L,
16:00 G, C, T,PAR, L,
18:00 G, C, T, TL,PAR, L,

LS: 2B dh i, MS: thEEERBhaa; HS: SR a . TL: it A TRLEE;
T: 7853, C: AMAIBRCOMKE; G KFLFHE; L, KFLFRITIE; PAR:
HeBARERSS . LS: light salt stress; MS: moderate salt stress; HS: heavy
salt stress. TL: leaf temperature; 7,: transpiration rate; C;: intercellular CO,
concentration; G: stomatal conductance; L,: stomatal limitation value; PAR:
photosynthetically active radiation.

BN, R IFFEAR B 2 254 . HS Ab 35 Y i i FRA
LS. MS kb3 5 5 FEAK 56.03%. 47.74%. WL4b, £
JoR 0 A T B S s T RURT B R A, BR
T B A, HS Ab B B AR 3 B 2 KT LS A
MS &b 3, Horb HS 40 3 i) 2 R B AR #L LS. MS
b FR 3 I FEAG 38.71% ., 49.46%. Mt Al WL, $hbhia

—— LS

1 2 3 4 5 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 23 24

I3 Leaf position

B5 AE#HSKFETRERFHAREMAM M ER

Fig. 5 Leaf area of sunflower leaves at different positions at budding stage under different salinity levels

LS: #2EEEhbaa; MS: W EEER 3 ; HS: TAE LRI . LS: light salt stress; MS: moderate salt stress; HS: heavy salt stress.
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2.3.2 IR 5 B 50

AN TR ER oAb BT, B S B 55 BRR AN [) 5L i
R R SRR R T B, IR B AR B
S 5 o N el 9 el (22 A A (S I T SR
MS. HS Zh BRI AR A 1A il i A ik,
ARV ER A b 2 (B A 7E 25 57, LS AbFHER 1 AL S5 )5
A7t i fi AR 22 S AN 25 . MS i HS AR FEES 1 £

70

[yl (% B W N
(=] (=} (=] (=] (=}
. . . \I?H‘l':ﬂ\

i Leaf inclination angle (°)

—_
(=]
T

(=}

e 1 A 25 S 2 . SF AR A
R Fr 55 KF T I A, (ERR R, I B ST, (R,
L3 S A (I I 0 i S S Al o I S AL S
B, WP Bk R B . BRES 14 A2t A4,
HS Ab P -5/ 478 T LS AL B, [R5 14~17 it
J4h, MS AR i £ 05 T LS AR BE . HS Ab BRI
A e KA S LS. MS AZbEAH LB 4374 5 30.92%
14.59%. FHULA] UL, $h W30 3 K T & g i A 0 i fi
1, T REAI T X0 3K e 1 RDERE R HRCR o

—A— LS
—8— MS
—o— HS

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

{3/ Leaf position

B6 AEEHKETREREFHAREMAM MR
Fig. 6 Leaf inclination angle of sunflower leaves at different positions at budding stage under different salinity levels
LS: g i ; MS: SR irin; HS: TG . LS: light salt stress; MS: moderate salt stress; HS: heavy salt stress.
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M, LA ERA A P, (AR X S BN
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AT e B, AR 0 R 280 i A LR CO, Yk
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BN, 11 B AL PR A A 2 R R £ SO A R Y
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S6A 1 Y R i 5 R 0 KOS A, R R R A R
AL H A GG R R A2 LN E AR ALIN
KWURIEA; b EEEEME T, 2SN
FAEFH, 3580 R B AR BRI AT 45 SR, X T BE
PRI A 2 B R Jiir 368 T, ARV B 3k 43 ] B3 o 2 & i 3a
ol A T AL 22 A5 5 5 R SFL S B AR i ik
CO, B/, JETMT S B & R PR hin
TNER A LA O BB I, A2 - 1,5- — B AR Bk
fit} (Rubisco) 1 M FK Y 1,5-— W% FR 1% B H (RuBP)
FEA B8 T BRARG, 6 R R B B B AR IR A R A
ity Fnzfe, JEALBR G G4 = S A, SERE A
R RN R

MR R RO EE N N R Z —,
AT R, AEER e M E AT, M EEAR
[e] 2 I 5 Y IS 2R B AR, X 5 Santos™ BF 5T
ZEIRLAN— 2k, T AR R M0 i T S 2R A I 110
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