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Abstract; Saline-alkali land is one of the main land types for photovoltaic construction. In saline-alkali land photovoltaic
system, the shading effect of photovoltaic modules affects soil water and salt dynamics by changing the microclimate, and
crop growth is affected by both shading and soil salinity. The study of soil water and salt dynamics and physiological
response of crops in saline-alkali land under shading has an important guiding significance for the development and
utilization of saline-alkali land photovoltaic agriculture. In this study, Helianthus annuus Linn., a salt-tolerant and light-
loving crop, was taken as the research object. The field experiment with four shading levels (0%, 30% , 60% and 90%

shading) was designed to explore the effects of shading on the soil moisture content and soil salt content in 0—60 cm soil
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layer and the height, stem diameter, disc diameter, single-leaf area, leaf photosynthetic gas exchange parameters, leaf
photosynthetic pigment content, leaf photosynthetic enzyme activity, leaf anatomical structure, biomass, grain yield and
grain quality of Helianthus annuus Linn. in coastal saline-alkali land, revealing the law of soil water and salt transport and
crop growth and physiological changes in coastal saline-alkali land under shading. The results showed that the shading
significantly increased the soil profile water content and decreased the soil profile salt content during the whole growth period
of Helianthus annuus Linn. in coastal saline-alkali land , compared with no shading. Shading decreased the net photosynthetic
rate, inhibited the growth of stem and flower disc, decreased crude fat content and increased crude protein content of
Helianthus annuus Linn. Under low light, Helianthus annuus Linn. promoted photosynthesis by increasing plant height,
increasing leaf photosynthetic pigment content, decreasing leaf photosynthetic pigment ratio, increasing the enzyme activities
of ribulose-1,5-diphosphate carboxylase ( Rubisco) and phosphoenolpyruvate carboxylase ( PEPC) in leaves, reducing leaf
thickness, and changing the allocation direction of carbon assimilation product. At the shading rate of about 30%—60% , it
was able to increase the soil water content of the tillage layer by 18%—38% , reduce the soil salt content of the tillage layer
by 6%—18% , and maintain 15%—38% biomass and 29%—55% grain yield of Helianthus annuus Linn. The above results
indicated that shading could improve the water and salt conditions of coastal saline-alkali land and alleviate the salt stress of
crops, but Helianthus annuus Linn. as a light-loving crop, shading could inhibit its photosynthesis and affect its grain yield
and quality. Therefore, it is recommended to plant Helianthus annuus Linn. in saline-alkali land photovoltaic system with

the upper shading rate of photovoltaic modules of about 30%—60% to maintain grain yield.

Key Words: Helianthus annuus Linn. ; shading; saline-alkali land; soil water and salt transport; growth; physiology

F R ER O AR 3 A R A S A B, (ES2 K IR R SR SR R R W 2 AR T Y
RO AR BE AL I O Bk R Se T, FRIE Eh B AR 9913 5 hm®, 4% 2SI I HER 5 24 3600 J7 hm?, L Hp
U EA Al A FH RS AYER BT+ AL 2 670 J57 hm' | 33X Ry 78 SR HHE i & G AR P2l A 7 6 s 355 BE TR
PRAL TR AS ] AR ERERH O R M & SR Sy XU H A Y 5L SRR T S W] R B b O
PR ML AE Ry R Bl 255 1) FH 0 Fi A0 | 25 ML 7 AR PR R ittt e G BAb A, i DR AE DGR e i 1E 3
FEL 199 [ B 6 R A0 A A R R Bt A A58ORI FH AR e oK, DA Ry D e ) SRR A 22 4 3 b i DX 4k RIS R FE T K
YEM,

FEER AR HOE AR FR e, SR AL 4 A 30 B A FH 2 o0 b 3R S o B R S 3 T L A1) T R T T S RS R
TR o b A e A 7B Ak, 3 T - S B SR RN AR 4 A A =2 R, AR DY SR Bk Py, Hb i
5B B GAR AR RE S AT D b 2 X A B S ) IR DN XU AR b 2 TR 48 s SRR
T2 b e /K 43 25 4, 4 v T IBROK R B K BE 7, ELHL I N 138855 002 0 38 it — 20 Ve A KA it
B, R TR 2 R R Y N, Marrou 35 A R BOGRFESIEIEE A 1.6 m #13.2 m B, 54 e lR4s
AL AR LG, SR H - 2748 5 b A7 AR SRR 1 ) 101 0 301l B AT 329% N1 48% , T /N A2 VR W) J] 3 1 4 ) 2 A1
52% 1 37% , 185 INED) JE I 4 IR A 37% F1 62% ., Gonocruz %5 A/ b, % BUAE B i R SGAR [ 51 F FpAE K
T, e BE 3 m BOGARAR T BISE TR 5 T AR R ST AR Y LR 30% 2 39% 2 18], S8, RENTEYI A K 4%
BRI AN 3R Sy B DU R . B ST R SR B SRR 0 A K R B B A AR P A s
MR E X EY 7 R 8 T3 % BB S S5 e % m mIEY AR KRR, Y™ & A BT
RacL8) BRI AE TR R 58 R k3 A T A SRR ( Capsicum annuum L. ) 4f) B BR & A1 1 AL 42 R4
Mo BEBA K Tk RN RIS, R aE 2 B BEARR MR ( Heritiera Littoralis ) %171 16 BER:
BARCR M ISR T BT R A IF T Fhra X gl i G A VR RCR TC W IR . AR ARG 5T
ZAEPAEE R Fh o B R A A BREAGT 5, A DI 1 5 k73 U 305 455 ) 1 A N A B M 1Y
W EEWARIE , J3 50, Fhms X oK Ehia B G < $h 7Kk ok, £ Bl /K 257 LA, B TR ZE R 7 g ek 20> 1
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BEZEHUE T S 0K Eh 3 A X2 A Re i g wi Ak, H Al E A ST I B2 BT . PRI 38 U0 S
SR ER G IR R GE N - K ER B A SO A= A R AR B AH SC T 5T, H8 7R SR 1T T SR A 1= HEOK 2R B RS AL
V) I 36 17 T 5 ol A 0 £ K B2 ML AL, o) 48 R Bl S DR AV I R A AT 0

%% ( Helianthus annuus Linn.) S F ) H 220 BIRR R &l 4w, 2 B2 00 RHMEY , H LT 8 /E )
B, FE B R it 4% LA (R BB 1 AT LATE B AR R I S i R AR B ) S B R | T i R A
B CHEY) X OCER BT AR AU . R AR5 LI 8 il ) 42, Sk 1 3 it o F S iy =X, B4tk
BB OGAR R GE RS, RS I B X Ve v R ol it 7K 8 B0 285 R it 28 A A R A R 9 S ] 48 75 T 1 24 Ui AR
B 498 /K R 12 R KL ARE A A G 1 X 35 T R e 1 28 AE K RS LI, DU Sy R el e AR A R R 4R A B
WA, Ay R s ] MR B2 4 A Bl 000 5 U7 RE T AR 7 4 AR T

1 BT

1.1 g HEAL

RIS LA, T AL AW M AT 2% B/ 2 (38°09'N, 117°33'E) , J& T2F 1 i KBl vk = e, 4F - 4 < IR
12.9°C , AR 1R 7K B R 569 mm , AF 4425 & HF 2005 mm, L F7KA7 0.8—2.5 m, i F /K & 3h&t 7—22 o/L, +
R R TR 1, Eh 70 DA NaCl 3, e i SOkt 58 1, g & dh i vy HARBR AR Pkl sk, 15 X 9]
I H AR LR 1,

F1 REXWETEEMER (2022 47 A 20 HE)

Table 1 Physical and chemical properties of the initial soil in the experiment area ( Measured on July 20, 2022)

e TR AP 2R KR R
= pH Soil salt content/ Organic matter/ Total nitrogen/ Available potassium/  Available phosphorus/
Soil layer/cm
(g/'kg) (g/'kg) (mg/g) (mg/kg) (mg/kg)
0—20 8.23 3.14 8.74 0.802 372.764 19.24
20—40 8.21 3.31 6.22 0.629 250.91 11.96
40—60 8.25 3.62 6.08 0.659 318.67 8.78

1.2 Rt

TG BEFH AR A S998 T 1] H S5 i A Ak, 35 FH T 85 1038 1 38 249 2 309% 11 2 (203888 BH ) 1 Sy e >
MARE, DAER B AR 22 Gt rhoAS )2 82 A0 5 32 1) D' R I 300 X e T 19 S o 208 19 23 A A A, 3 e 348 e B 9 11 J22 0
K15 AN R I B ERBTE , 2030115 30938 1 /K7 S30( — 2R , 7682 L eam Xt FRAL BRI 70% ) .60% 3 1 7K
- S60( 2R, k)2 LR AR FRAL B 40% ) \90% B /K F- S90( = JZ IR, ek )= b G Ay Xt AL
PRI 10%) X BE(CK) M TCHER A SR GALBE, 3t 4 AN b PR A4S AbBE S YR, 36 20 AN/, 356 /N X i R
3.5 mx3.5 m, 2022 4E 7 A 20 H#EFHZE T8 0.5 m AREE 0.5 m, 4T HERE A FR IR 4—5 om, MR A
40000 t/hm*, FRNHTE = o (RS 20 d) SR TR AR B, 4 AN F/INDX DU FE AR 1 m R 1 ARNAE
ARG R 1.6 m, Tt T S T D), b U TS 195, o B XL, R X OGR4 40 i KU R A, R B R
B PR /NS R DG G A R ST (SM206E-PAR, China ) 5 AS [A] 388 B A0 38T OG- A AR A, iR 2 Fr,
JITAG A BRAERE I | G5 — IR — 4% ( M 3543 N-P,0,=64.0% ) VE R B0, it JH 2 750 kg/hm?®, I ZE A Fh A
KM SRR AT, R8N 1R,
1.3 EdmlscdE SR
1.3.1 IR FORE SIE

TEHGMZE AT (8 H 25 H) JFEMI(9 H 10 H) JEHRI(9 H 25 H) BB (10 H 10 H) U4~ F24E
B, H B SRS 85 7R IR A/ N AT 22 2 (8] 5391 R 2 0—20 ¢m . 20—40 cm ,40—60 cm +F¢, 4
AEFE S ASTEE K AR SR AT S KR S R I e, S KRR R T R, R
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FKE, EAEXCT R 2 mm i, DL 1:5 (9 oK USRI A TR B, T34 DDS-307 Il E 1%
HL 5% ARAE Guo % NP I A=A 3 S bR RO IE T
EC,=5.95 EC, ;+0.935  (R’=0.986"") (1)
C,= 0.535xEC,+0.203  (R*=0.986"") (2)
L EC, AR 155 19K OIS 9 500 S (dS/m) s EC G R W F (dS/m) 5 € 246 + 2
AP R (g/ke) o
£2 TREEHLEHRETLNLABAUESHE

Table 2 Photosynthetically active radiation (PAR) values at different shading treatments over time

i 1] Fe A RARIHA Photosynthetically active radiation value/ (wmol m™ s7")

0’clock CK $30 S60 90

9:00 1138+78.77 815+40.60(28% ) 509+15.72(55%) 160+23.07(86% )
11:00 1302+£17.52 891+24.44(32%) 602+53.26(54%) 196+£14.22(85%)
13:00 1482+68.09 1008+98.02(32% ) 660+53.87(55%) 252+27.19(83%)
15:00 1353+129.01 892+31.90(34% ) 574+62.27(58%) 174£14.22(87%)

CK . JTLHERIALEE  no shading treatment ; S30:30% AL FE ,30% shading treatment ; S60 : 60% it B 4b B, 60% shading treatment ; S90 : 90% il i ik
¥ ,90% shading treatment ; %5 5 P AU 2 7% J52 Aok ) 55 12 208 19 A B4 1) 555 900 DY A5 78 805 S 0T oy I3 1 A BH ) ' 45 78 A58 SR (LAY 7 4 LE

45 - -
B - PR — BRI O MR 120

40 -

AR Air temperature/°C
P& & Precipitation/mm

0 10 20 30 40 50 60 70 80 90 100
H5Hh 5 KB Days after sowing/d

1 I H ESK KT

Fig.1 Meteorological data during the grow season

1.3.2  ARAERHRIE

VERGHZEIA A (8 H 25 H) JHEHI(9 H 10 H) JFERI(9 A 25 H) BEAMI(10 A 10 H) U4~ F 24
B IEF AR A RIRE , 43 B0 5 i Sk 2R B A R B T AR, SR A RO S ik = AR B AR
SR PR R RO R 250, SR PN T30 ek 0 B v L, 92 R o i 4 A B S s AT T T T
R, B E 10 RER

A AL (em® ) = I (em) X8 (em) X0.6 (3)

1.3.3 M FOLA MRS S H0

VEPRIMZETFAEIIN (9 H 10 H , 75%MRE I ERAETF BT, R [A)) A0S K 9.00—11:00, 2K F LI- 6400 ffi #5
FOEA T E SO G E SRS S EGH AT I A |, e A A U ST 1200 pmol m™ s™" S %4 500
pwmol/s, Wit CO, T ARG IEHIFEAR D CO,MEE N (400+1) pwmol/mol , FREZHIXTEE H 50%—60% , 435 &
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Rt A 8 2R (Net photosynthetic rate, P, ) Mg 8] CO, ¥ B ( Intercellular CO, concentration, C;) <, fL 5 &
( Stomatal conductance, G, ) F17& 5 14 % ( Transpiration rate, T ) , 37158 0 F B9 Bk B 7K 43 K| 0% ( Water use
efficiency , WUE ) FI'S FLBR il {H ( Stomata limiting value,L_) , 7T& LT, B0 10 REE
WUE=P /T, (4)
L.=1-C./C,(H5i CO,ME) (5)
134 HhRJGEORSENE
TEWCHZE AN (10 A 10 B ZERE SRAZEF IR A2 s (B Rl AR TFRR T I, T[] ) A= A e 58 42
JEFFI I R B A W SE IR =M E . R S WER LS R SN Y6 BE TIN5 663 nm 645 nm I
470 nm FHPDEEEEH, I M 28K a (Chla) 4K b (Chlb) K#E MR (Car) HM4EK (Chi(a+h))
2% a/b (Chla/b) FIZEHHE N &/ M2 (Car/Chl(a+h) ), T AR S B A 15 8 i
mr, B0s RESR,

Chla=(12.7xDy, . = 2.69xD . ) XV/(1000xW) (6)
Chlb=(22.9%D,5 . —4.68XDy; .. ) XV/(1000xW) (7)
Chl(a+bh)= (20.2XDy,s,,.+8.02XD, . ) XV/(1000xW) (8)
Car= (1000XD,,,. —3.27xChla—104xChlb)/ 229xV/ ( 1000xW) (9)

o BN me/ g VORI BRI S ZARB, B R mly WO BEE, BTN g5 Dy~ Deasun T Do o 751K
TEPE K 663 nm 645 nm Fl 470 nm AL AGEBEME
1.3.5 RO a BE R I E

TR ZE A N AR KA 58 2 R IT R DI REM & TR AT, J5 7% 22 -80°C UKAR A7 . TEIRIR T
PRER 0.1 g FEA, S H G HREA TR B 245 B BESR BOR, -1, 5- —BERR YR AL ( Ribulose-1,5-
diphosphate carboxylase , Rubisco ) R & 1 15 2 74 B 2 2 1k B ( Phosphoenolpyruvate carboxylase , PEPC) Jif P4 %
PRI E o 2 BRI MR 2R PR B0 G U I BT SO, 2R AN 6 BETHTE 340 nm KTl 5E W
JCREAE, IF LIREA S B o S s 1k, B A 3 IR,
1.3.6 s gt i E

TEIBCIMZE A P AR e L 58 42 e TT RO D RE I, B IR F v B R AT Ak ) 25 R A S R R T
FAA 852 (70% £ B A /R Sy bK: KRR = 90:5:5 ), AN [RI W L YA (75%—100% ) JBiK , = F A AT
BT FEH R A 56—58°C A, UTR HLUT Fr, TR IS E 8—10 pm , f & £L-[E 2 e 4, I btk
B % B R A BB R U0 R SR DG R I i S5 A TR LR, R Image-pro-plus 6.0
BRI R JEE R PSR | R BB R R R AR SUR R AR U A M gl i
J& (Cell structure tightness, CTR) | ZH I 45 F B HA B ( Cell structure porosity, SR) , TR AR, B0 HE 3 1k
#HE,

YN L5 B (CTR ) = ML AL SUR B/ F JEE B X 100% (10)
Y SEFI B RN FE (SR) = ME 2R 4H SR/ I8 BE X 100% (11)

1.3.7 AW Rk i K B

THZEICRET (10 H 22 H ,90% 46575 S I8 (0, Z5FF 7 B AR 8, rh B FraR g A8 B, T IR)) | s HEE
W SE R AR AR o R R b | 4 AR B 25 VR R A 0 O O e ZE R SRR FFRL T 105°C R
30 min,80°CHE T 2 HHE /M HIFR G4 a8 5 T8, PR A A B R S AE W it Je 45 4 H T3 5 AR 1A 7
o, BB S A SRR, 22 BRI /INN TSR] A6 45, B A1 5 B BORF AR ™= i, FF e AL
B FE AR KRR A 4 A RO PR 7 FRE 100 K7 W0 5 KA R 105 FALAR 1, ML 105 I 2 <R FH &R
PG LR 1 B s SR AL S hbesk ™, AN b 3 R,
1.4 HRib

BT B 10 P A e bR iR 25 2R FH SPSS 22.0 3K 4 (1BM Corp. , Armonk, NY, USA) #4THLRIZ J5 2257
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M7, K] Waller-Duncan K55 25 5 2. 32 PE (P =0.05) , 3R Origin 2021 K {f: ( Origin Lab Corp., Northampton
MA, USA) AT R 2 1

2 HRES

2.1 BEREXS ISR K B A R R
211 HESKE

WK 2 J7s , B AL B 0 T il 28 44 F I 0—20 em .20—40 em F140—60 em + 2 M HIESKE, H
it 308 T P R 8 i A0 . 5 CK AR, 242 TN 30% .60% 1 90%HE AL FEAY 0—20 cm + )2 1Y 44 + 35
KR BRI T 17.50% 38.25%F1 47.16% , 20—40 em )2 A3 IS K 918N T 7.51% .8.55% .
17.72% ,40—60 cm )2 AYF-3 S K E I IN T 9.03% 12.72% 19.54% , LIBHE)Z + 35 K B4 T
R,

I iy Time (A-H)

08-25
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09-10
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08-25
09-10
09-25
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08-25
09-10
09-25
10-10

275

)
w
n
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EIRAIKE%

._.
P
n

FHEYREE Soil depth/cm

60 10.5

S30 S60 S90

B2 AELHEFHE 0—60 cm TEEK SR EHHE
Fig.2 Spatial and temporal distribution of soil moisture in 0—60 cm under different shading treatments

CK: B4R 5 S30 :30% 3 BT AL FH; S60 - 60%3HE B AL HL 5 S90 : 90% il B4k HE

WA= B AR HESE  BREE (8 H 25 H) ,0—60 em FJZ2 CK 30% .60% F1 90% 3 i b ¥ i) + 38 15 7K 2 (1) °F-
YB3k 23.73 .24.59 25.02 26.81, FFAEMI(9 A 10 H) ,0—60 cm /2 454 B 38 5 7K 0 % 44 52 [ AIG
PO BRIE R 13.26—33.07%, HEHRI(9 H 25 H), CK 1 30% 3 [ b BEAS [R] VR B + 18 3 /K B 5T AR B4 AR
I3 B4 AR 3.76% F1 9.88% ;60% Fl 90% HE AL FE 0—20 em 1 JZ 3 & /K B8 ITAE I T TH &, A 20 em
TR 18] R 2 Wi, e (10 A 10 H) ,0—60 em + /24540 P+ 38 & /K AT HE I A R 5t ETHa 3, THig
K 11.69%—52.06% , 5 I7E 1A A A 438 5 /K AR HEE

Wil - JZ TR BE 30, S AR I P, 45 Ak B 1 KR AR AN, 1T R X A AR K R
Ko FFAETHAIRESRIN N, CK 1 30938 17 Ab 3+ 458 T /K i S 3 ik 34, 60% i B Ab 1 18 % /K it 2L 40 em + )22
h R 5 SRS T 1T 90% 308 1 b R+ 5 S K SmAETFAEIA N LA 40 em )2 083 55 e T 8 J5 BEAIG, 703 )
1) e T F K AR L R AR S
212 HHESHhE

WA 3 frs , BEPTAEFEFEAR T ImZE 4 E T WM 0—20 em . 20—40 cm F140—60 em +J2 M H3ES IR, H
W38 1 A P 3 I LR B R . 5 CK A EG, 22 E F A 30% .60% 1 90% 3 i b PRI 0—20 em + )21
2 A R R IR T 5.67% 18.35% 1 26.72% ,20—40 em 1 )2 -3 138 5 $h B0 BIFRK T 3.84% |
28.28% .31.34% ,40—60 cm 1 JZH V-3 13 5 Eh 40 FEAR T 0.92% .23.86% ,24.20% ., S50 WIAH 1L,
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0—20 ¢m ,20—40 cm F1 40—60 em + )2 CK Ab B AY + 3 & 3h B 76 B 43 51 T+ & T 36.90% . 79.17% Fl
13.40% , Tfii 30% .60% F1 90% I FF Ak B () £ 358 25 £ 5 7E B2 43 B REAK T 9.80% .6.46% . 13.97%,19.04% .
5.15% 15.00%F19.71% 11.68% .13.57%,

B ] Time
v (= vy (=] bel f=1 v (= vy f=1 v f=1 vy (=1 bel f=1
s} (o) (=) (=} 0 D D o o D D [} oo [N} D f=1
(= (=} (=} — (= (= (=} — (= (=] (=] — (= (=] (= —

W
W

£

e )
| 20 4.5

5 >
% =
5 40 35
3

[ —
[\ )
19}

60
S30 S60 S90

3 AEETHALE 0—60 cm TEH S =HHE

Fig.3 Spatial and temporal distribution of soil salt in 0—60 cm under different shading treatments

Rifi A B R AESE , RFE I (8 H 25 H) ,0—60 cm )2 CK 30% ,60% 1 90% i B Ak P i) + 138 7 £k 5 1) %
PIES B 2.77 .3.26 ,.2.47 2.46, BULTIRE X 101 46 % 56 2 3.36 ¢/kg, TFAEMI(9 H 10 H) ,CK 4b 3
0—40 cm T2 S BE B IFE TS, N 40 em REE W) F B HiFAK ; 30% B AL FE 0—20 cm 1 )20 115
FEBETHE N 20 om B R ZHTFR AT ;60% F1 90% 3 1 kb BN [RIGRE + 3 & Eh BT A BE S T e T
10.88% 1 10.01% ., #EIW (9 A 25 H) ,CK B RITREE + 3 & BT R P 1 13.09%
30% ,60% Fl1 90% 3 i A S [RI R B 1) + 18 7 2R R4 R AIK, 43 S 2 BEAIR T 9.43% (11.36% F1 14.63% , B
#(10 H 10 H) ,CK 1 30%3EBHALHE 0—20 cm )21 3 8 B BB IHFEAL, N 20 em 2 [ F & #i 7+
151 360% F11 90% I 17 b BEAS [RI VR B2 11 18 B Sh it B RRAIR, 3 0 2RI T 11.45%F11 6.22%

Wit 2 R B 3, B SR SR P 45 A B A 3 ke SR R R B TR AR I, CK ORI 309 3 1 A B
() 3 B BRI R, 60% i1 90% I B AL BRI + 1B E AR R L) 40 em )2 NP5 s B REAIRIE TS AR Y,
CK Ab3 -3 & Eh it LA 40 em 45 S FE T i1 o BTG, 45 S 0 A 340 4 8 55 St DU S 8 T 5
2.2 BRI ER BRI P A KRR A S IR

WE 4 Frs  IHZETFAE ) ,30% F1 60%EBTAL BRI B = 8 CK 430 F- 3 8 2 7+ T 8.55% 1 9.61% ,90%
B AL PRS- 1 4 25 REAIS T 9.13% , H. 30% F1 60% ME AL B IH] 22 S5 R b 2 o SR/ 1A A I SE Y 25
FURNAEAE LA, LB 308 17 B R B ek . o 5 CK AR L, 30% ,60% FiT 90 9% 35 B A0 35 1 22 4H 43 5]
SEXIE/NT 7.66% 24.02% Fl1 54.64% , H. 60% Fi1 90% R 5 CK Ak ] 35 i 35 22 5 | i 48 8 B4R 43531 °F- 1
BEW/NT 16.69% 37.36% M 61.27% , 4475 W 60% F1 90 % B 4k FH it i1 € B [ FRAR CK 43 B SF- 1
B EFEAR T 31.20%F170.13% , 18 30%WERG 5 CK AbHH 6] % 22 5
2.3 EEHTRHE I ER B IR R I G A R A R
2.3.1 XL B ML IR 2R 0 B A RS HR S U R

e 3 PR I O E R AL 2R R KR TRCR A AL R IR R A B
JLTE] CO, v 8 fnb 25 T s, L 3 1 A 1 i AR AR BE R R v, 5 CK A, 309% .60% FiT 90% 38 1 Ak B 11
A R IR T 22.02% 40.58% 1 58.44% , S AL FFESY WA T 13.79% 37.93% 1 39.66% , 7% J# 14
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Fig.4 Effects of different shading treatments on growth characteristics of Helianthus annuus Linn. in coastal saline-alkali land

FETE B 107 E R I (LR E 22 , R [R5 B3R 7R R [ AR BE A1 22 Waller-Duncan #5360 22 5 .3, P<0.05

BRI HIBER T 9.64% (17.49%F1 18.16% , /K53 FI AL 73 BIFEAR T 9.55% .23.79% F1 43.22% , S ALBR HI{E 53
WIFEAR T 20.59% .32.35% 1 41.18% , {ELHfI[a] CO, ¥ /35 THE T 10.08% 16.77% 1 28.26%

3 OEWMRGAEMRE RS SETHRS HOTM

Table 3 Effects of different shading treatments on photosynthetic gas exchange parameters of Helianthus annuus Linn. leaves in coastal saline-

alkali land
LA R AT Rl CO, e R KGRI R AR
Qb2 Photosynthetic Stomatal Intercellular Transpiration Water use o
. .. Stomatal
Treatment rate/ conductance/ CO, concentration/ rate/ efficiency/ L.
-2 -1 2 -1 o limitation
(pmol m™ s7") (mol m™ s7") ( wmol/mol ) (mmol m™” s7") ( wmol/mmol )
CK 28.56+1.12a 0.58+0.07a 264.69+8.67d 4.46+0.18a 5.97+0.66a 0.34+0.02a
S30 22.27+1.55b 0.50+0.05b 291.36+5.44c¢ 4.03+£0.11b 5.40£0.11b 0.27£0.01b
S60 16.97+1.12¢ 0.36+0.03¢ 309.08+4.67b 3.68+0.18¢ 4.55+0.28¢ 0.23+0.01c
S90 11.87+1.83d 0.35+£0.07¢ 339.49+9.72a 3.65+0.30c 3.39+0.19d 0.20+0.02d

NEING FAEF IR AR BE B AL FEE] 28 Waller-Duncan #6556 7% 5 2 % | P<0.05

2.3.2  JERHXTEEG AR M ZE I GG AR I

e s Frs , WEEE RS 7 a3 a SRR b SSRGS RS Y RN, H R
FEBE MR IR ST R B3 DL 60% B i A BRI & f e . P, 5 CK AR LK, 30% 60% Fi1 90% it B Ak
PRAYH2R K a S DIEHN T 85.62% 116.57% 1 27.34% 4K b S0 BN T 126.66% . 137.21% il
20.24% , 4 R SR W T 100.23% . 126.70% F1 18.93% , 56 & N R &8 MM T 78.92% .
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109.06% £ 32.85% , JMZEH G LR R a/b (ERIZEEE N 2/ Bk 4% 22 (5 2 FRAR , LBl 88 195 A5 B 0 18 fin H:
FEARG i /)N, e 30% B A BRI 43 25 a/b 38 CK S EFRAE T 24.10% , HAbERE AL FE 5 CK 8] G 8. 35 2%
5330%F1 60% YT AL PRAYZEET B N R/ RIS R(EHE CK 03 BT T 12.83%F1 9.77% ,90% 3 jj 4k B 55

CK R TCiR #2585,

a
b

bR SRy

Photosynthetic pigment content/(mg/g)

I CK [ S30 [ S60 [ S90

ﬁw BT

Chla Chib Chi(atb)  Car Chla/b  Car/Chi(a+b)
Y64 4% Photosynthetic pigment

B 5 EEXESREMmEN G RRNHMm
Fig.5 Effects of different shading treatments on photosynthetic pigment of Helianthus annuus Linn. leaves in coastal saline-alkali land
Chla;M4¢ 2 a; Chlb: M 4RF b; Chl(a+h) B ERE; Car: KA M E; Chla/b: M4 E a/b; Car/Chl(a+h) KA R/ BHEF  HRE L
J5 ARSI E bR ERE | AR NE TR R AN R G A B8] 28 Waller-Duncan 645 25 5 .2, P<0.05

2.3.3  JEER XSSV AR B v 25 I O T P Y5

WE 6 PR, 35 J5 ) PEPC 7% P F1 Rubisco
TEPEYS T CK, FL R 3 1 A 5 A 34 n i o, Hedp
30% 60% F1 90% ik B AL B PEPC 36 £ %8 CK 435 7+
BT 24.13% 71.55% 1 134.63% , H. 60% F1 90% 3 {i 4b
P55 CK [H] 43k 25 25 5 ;30% .60% 1 90% Ji 1 40 B )
Rubisco #&# CK 435 0 2 75 T 46.06% . 115.44%
H1159.06% .
2.4 JEETH XV ER A b T S O i 4 ) B 5

WE 7 B, R 235 i i R 220 A1k S HES
SOLRRN R A R B 2 HHER R ST bR 2 2L 4
Ji e PR T A K HLR A 4 20 8l K R B R
0 BRI 5 T B AR BT P PR 40 S s AT ] B

3 55 HLAHEF A LS MR 2 20 40 i 2 30 0 +H B Rl A i AR

HL, KB40 06, W 20 A 2LV i 22 S R DI Ik, 3k 4
FE7R IR g R R R M A SR AR A
2PV JEE R T I 25 48) B %85 32 ( CTRY) i 3088 1 R ) 34 5
PR SETH IR B a3, L) 30% HE i Ab B A O, P, 5

14r I CK [ S30[] S60[] S90

a
12 1 =

Je B

Photosynthetic enzyme activity/(nmol min™' mg™!)
(=)}

PEPC Rubisco

B 6 EpXEEREMbmEN R X EEEENRT
Fig.6 Effects of different shading treatments on photosynthetic
enzyme activity of Helianthus annuus Linn. leaves in coastal
saline-alkali land
PEPC . WM B2 T i R AL Al s Rubisco s % FRAE-1, 5-— BERR IR
ARG B 7 IS AR bR v 22, AR/ NG FEER IR AN
[F BT AL B ) 28 Waller-Duncan #9672 5 8 %, P<0.05

CK #H L, 30% 35 B AL BRAGIMZE 0T B TR F (A R WA 4 2R i 4 4l 2R B A0 i 25 44 5 %8 FF ( CTR) 43
W EEIN T 32.47% 11.38% 10.51% .17.53% 1 12.81% ,{H 60% F1 90% 1 {5 AL T 43 5 i /N T 16.12% |
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15.54% 19.83% 14.33% 7.22% 1 16.82% .15.87% .20.82% 17.53% 12.97% . MZEMF F b T 2 5 4044 b
BAL 2 A AR B 30 TS A TS 3R R A MR R X I IR T CK, LR R B A G I LRI B, o 5
CK AL ,30% ,60% F1 90% HE AL FE R 1) 3% B2 JRBE 43 Bl /N 1 12.50% ,24.53% F1 25.29% , T~ 3 K¢ JEE 2 4353
W/NT 17.65% 17.97%F1 24.68% , AHMBZEAEGANBE (SR ) 320 B A 52 M AN 583

B 7 AEEE A E T RGE ik 5 g S E
Fig.7 Anatomical structure of Helianthus annuus Linn. leaves under different shading treatments in coastal saline-alkali land ( Scale bar =

100 pm)

F 4 ETAXREHRWEMHEN R EHNEESHNEm
Table 4 Effects of different shading treatments on anatomical structure parameters of Helianthus annuus Linn. leaves in coastal saline-

alkali land

- -~ EREIEE O TREEE WHHESURE EBEEZURE s gl ks |
Qb uf}jet:;g ﬁe@ﬁi Upper Lower Palisade Spongy BEE iR N

Treatment . R epidermal epidermal tissue tissue Cell structure Cell structure
Thickness/um  thickness/pm . . . . . .
thickness/pum  thickness/pum  thickness/pum  thickness/pum tightness/ % porosity/ %

CK  243.73x10.14b 209.40+10.93b 17.12+1.79a  12.52+1.32a  105.00+7.39b  99.2126.91b  43.49+2.94b  38.32+4.21b
S30  322.87+8.74a 233.23x14.33a  14.98+1.84b  10.31x1.42b  116.04+12.67a 116.60£7.92a  49.06+2.38a  40.70%4.52ab
S60  204.44x7.10c  176.85+11.85¢c 12.92+1.22¢  10.27+1.28b  84.18+8.59c  84.99+8.21c  40.35+3.56c  43.67+4.83a
S90  202.7426.73¢  176.16£4.83¢c  12.79+1.55¢ 9.43+1.22b  83.14x8.91c  81.8227.69c  37.85%3.15¢  43.37+2.88a
RIRING FHREF R AR B AL HELR] 22 Waller-Duncan #3622 5 i 3%, P<0.05

2.5 JEETXF U VAR ER A T 25 M AR ) i B A

WEl 8 Frow , HEEE BT AL B FFRL I R FZE A A= i 4 I 2 N o 5 CK A L, 30% ,60% il
90% JBE T Ab B A4 A6 45 A Wy B 43 S/ T 80.11% 94.29% F1 99.38% , Ffki B Wy it 73 BN T 42.42% 73.90%
F195.08% , M A A=W i 4 B8/ T 27.01% . 82.02% F11 94.04% , 254 W i 43 5 Ik /N T 47.32% . 87.97% Fil
94.52% , WEHTHUE TIMZES S B AEW R L, 5 CK AR, GG T i Zke b f: i A i e, (R 748
FAEYE L, H 30% 1 90%E R AL BT B 224 ) e s
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Fig.8 Effects of different shading treatments on aboveground biomass allocation of Helianthus annuus Linn. in coastal saline-alkali land
B 107 IR AR 22 AR NG FRE R R AR A AR HL ) 48 Waller-Duncan 63022 53 1.3, P<0.05 ; HERRHIR IET ity i 2 #ik
IRA R E L AR AR R I A L

2.6 R XTI ER AR M 2R A W 7 B TR A5

W5 FroR , ISR 0 A Y B OFPRL ™ 34 e S AT, L 30 o A ) 8 L R AR R R,
W, 5 CK M EE, 30% .60% 1 90% i 15 Ab HH BE 1% 43 ) 4 37 37.72% ., 14.87% K1 3.09% (¥) A= W) 45 Fl 54.45% |
28.99%F1 6.14% WPk 5, WIS AUFPROHLAG D7 & 5 0 2 0T CK, MAFRORLEE & & T CK, HLRH I B
FRLE 1% 185 i G2 Ak i R B, o, 5 CK M B, 30% . 60% FI 90% IHE 55 &k BE K LA 7 A 4 BRI T
16.46% .32.28% 1 56.69% , FLHE 11 & F 23 WG IN T 5.66% . 14.68% 1 23.35% , H. 60% 11 90% 1 5 CK AbH
]38 0 2 25 5

F5 EEREREMAEENE SRR SRR

Table 5 Effects of different shading treatments on biomass, grain yield and quality of Helianthus annuus Linn.in coastal saline-alkali land

] PENEELY/hs AL il HEH
treatment Total biomass/ ( kg/hm?) Grain yield/ (kg/hm?) Crude fat/% Crude protein/%
CK 19750.53+1550.76a 1774.15+161.28a 44.89+3.48a 28.61+1.60c
S30 7450.93+586.30b 965.99+75.85b 37.50+£2.90b 30.23+0.44c
S60 2936.00+£772.33¢ 514.28+170.45¢ 30.40+2.14¢ 32.81+1.49b
S90 610.53+118.03d 108.85+26.24d 19.44+0.80d 35.29+0.70a

AEING FEEF IR AR EE B AL FEH] 28 Waller-Duncan #5565 2% 5 8 2 | P<0.05

3 iTtig

3.1 PTG IR el K R Bh A AR R

FHEKER BHAS B T 3 v K R 38 B i 51 S A - 396K 4 0 - 39k S B At 1D RN 2 ] AR BT
B, 5 0T WA b 308 1 R A% 1 e 1A B e e 25 4 A I D A M T K R, L I R R O B i
ST LD DR AT -5 305 1 A R R A S, 28 15 2 1 555 380 2 b T AR B 10 R O S, R A s TR R A A 0
e BN s SORRBE A - R 0D K 28 R FEY 780 | 38 5 SRR FE K e 1, kT4 &
FHEE KR T AR A B T R SR X, SR R PR I X 4k A 0—20 em ,20—40 em Al
40—60 em +JZ M IS KB SN T 30% 11% 4% , FE DGR ik s fe s hn 3 &k &, Z5/E
S NP FEFE B XORAR B TR A AT R AT, R PO AR AR T DUYCSERR K, B S K i AR
T EOL  BIZEE R AT RER A RG50S b SR A I ) 45 PR 3K 1 25 51T AS [, Tanner 55 A & 3258
W =5 VDA AR FRL S FE AR AR RS FH T e A K OR E FRAIR, 3X PT B S 2 bR Tk TR X WA
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HEBRKARX,

53 A A L 0 1 R A% A AR IR R Bl il 25 4 A B 00 PN R 0 i e, L S R 1 e L AL
FERA . 7RI T RE S AR - B ORI 0 398 S K R A TR T ARE < SR AKOR , Eh fK 257 B JEEE, + %
R AR F TR I b nT i R R B B - K 4 78 R B IR Z A YD R R R I I ZE AR R
ARG N IR ISR 5y A8 32K R AR ZE N | i — 2D AR R Eh oy vk, HE TR L S i, FEE
N 5 B AR R 3l B B DX 0—20 em . 20—40 em 1 40—60 em 2 Y 1438 F 5 A R vl ] 1 X 3 3
IR T 60.82% ,46.62% FlI 8.70% , & B AR HAR A R4V FH BERRAR - 1880 70 & i
3.2 GHETH R ER e i 25 A KRR Y R

BAHNFIECH ARG, 25 ALY H SIS B A ik s/ AR AR SR i e
BHFE, DL BORAS T Z 0 6 BORAERE A B 1A BRI BT B 0 309% Fl 60% I 55 23 (2 1k il 2%
R AKX 5 Ruberti 5 ATA 38 Ik s vl £ A b B 48t A BRI — 207, 1 909%% 1 B W 25 7= A= 4 il , vl g 2
R R A RE ™ B I 5 |, A R BRI, Bk [R) Ak = 1 T vk 2 IE R AR K i e i () 7oK, dE i S 8 UE Kz
05 (A KRR A T AR T S R B 55 2 A AR TA] , 45308 1 A BRI ) 1 i S5 2SR B0 2R 4, FLIRE I8 155
FRPESEAN , JH VB 5, AR 2SR AE 45 AR S OE BRI A KN IE ARG, ARF 58 & B 60% Fi1 90% T 13
23 DN TR, X S X S ORI A A T A4 e 1w AR AR AR T 2O RE A5 IE M R, T
JEPRUA S A A BHAE R A, 24 6 REGR B /N T T 122 32 4 D' 58 130 (R R 25 3 B0 o b e 9 DB AR K b X ol
HYER TR R
3.3 ERA XL G 2E 0 RO A R A RS T

KA AT A VE R EZ N S BB R R Y PR B R R« R AL
BRI PO R AR ALBR A R E RN Y G C R AR, PR R 3 R R R LR Y
G, FW& CTFtmnt, P, FIER) £ SR ZRARSILBRE ™ 2B G PRI EREE ¢, 00 R A C 1 LT,
VAR LR PR S R | BN AT REE H A CO, 1 i B2 F#AIK . Rubisco X CO, SRS A 1) ol Ml
WAL B3R ARBIEETE B & AR AR B P K, G T R B B 1 2 il S i B i A FL T K B
I A AR CO, RK 43 AR ISR S AR A T

A O FERMYIEAVE I IRRF DGR & BOCA T EZ Y, SRR 4R R a &
b AR ZE IR N A RN, LR I R A 3 0 L S TR R A A S FE 60% B R A i e
M2k 3 a/b (H 5218 MR/ B SR RAE AR, 2 B0 T 28 7 So3d a1 o oo b e AR ) €6 38 %5 B R
IR Z HAER A R CRE ST, 38t 5506 iR R (H 5 B R e & B R o i SRR, FTRESE OIS PR R K
HRR AR R RO A MU 2, R AT R N RBR T S5O0 RERII AN, HA R
AT ) T R W 22 T s A G S5 0 T L A AR R bt R 1 i IR U K A
SO LIBT3 6 AR R AR it — 2D 3 N 55 6T

PEPC 1 Rubisco JEAHYIGCEAE W CHERE . BF5T R, S EY G & 3 R BRI A & Rubisco AYYE 1L
i, BPH T Rubisco 7 1L ( RCA) Xt Rubisco f 3 A7 JAHE R ] BE 2 {6 Rubisco 215G 3 AR M RCA 1975
fLHE ST, 400 RCA Fl Rubisco U454 1t P, B4 S50 Rubisco TEYE RIS | W% I, 62 mDG SR 1k
I RCA BYIEH DREVE I FFAE Rubisco 1 PED (HAHFIE & B, 240 1 5 (19 Rubisco 16 ME ¥ 3 5 F CK, H
I SEE T (g 385 0 T 48 1 , 22 W91 € 0 4 SEE 9 /5 19 Rubisco TR XT3 G HIMA R 5 P, AN HA —F0H:, il g &
MR G, AR S AR, % 32 B A R WAl N, AR TS PR S Rubisco BB MRAVE N {23 RCA Xt
Rubisco A& L , 0 AT BEJE R AR o, 25 0 B AR T 30 B R A1, 25 ORI B T, Z8 B AR FH I B, ek 22 1
BH G BREZU 0 2% A iR 5 Rl KRR 78 2, A R T RCA A Rubisco M9Z5 A H R R R4
HE—25 IR UER] . PEPC REME A AL BE IR IGREN N B R ( PEP ) & Bk 1R , & CAEPIEE CO, 1 Al
HEAY) CO, B ERESTHYsRES ™, BRI PEPC {1 B2 T CK, XA A T2 m il 25 - 442 Co,
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RE ST SIS E R R AR AR T ) (A DF5E R0 PEPC 1 5 o sl It ot & ik
R K
3.4 T VR VAT R el b e % I A ) 5 A PR M)

M- N R 25 AR 22 B E PR A A AR A SO S 309 B8R Il ZE R BE i YR MR 4 2R E
TR ZH S R I S R T R R R VRN, B 30% 3BT T MRS £H SN 4 4 4 R A [ B A
AR JEL A T2 BT R 3k ] RS2 T A s 55 6 A OURE 58 35 R I S5 4 1 25 AR AL 5 609% FIT 90% 3t B
FIZEN R R AR | R R R MR L SR R A AL SR R kN, R 60% FIT 90% 3 1
M SRR VA A SRR 1T 2 R R I RN R AR S ) PR T 2 A Ak R AR ik 3 B A%
AR TG TR B 3 B Bk A A1ZY, I RERE K A PR A4 TR Ak 7= 4 FH - 2 35 0 T AU 1 KN LA
TG RE AR, 38 mOGRER I ACR . R, TR R, R 8L e & e K T AU e A Re h'™
3090 I [ 14 2 25 1 "5 85 5 ( CTR) B B4, A 309% 30 107 TS AW 200 B 10 AF T 1 051 164 000 , ¥4 40 40 LR %o 1 497
W AIG, 332 1 30 o 8 A 200 A 2 48 £ P A A3 AT 2 B B89 S2 i AR AR W3 1 55 0 A — R s
117 60% F1 90% I 1/ W AH S5 , P J Ak J38 308 15 i i R0 400 B 50k 2, A A 2 00 400 Al A5 T A AL 4 0, 53K
A L 2L R ARGT 080D VA AL R A ARGE L 3 K, S I A A e .
3.5 TNV VAT R el b e 5 A R KR R ST R R

A=y R B e R TR A T SRS 3 BE X VR A R B R R A B R B, R 2 309%—60% I
REAZ AR ZE 15%—38% M A= i Rl 29%—55% W KFRL i, {E 7638 B B 5035 46 b /K 6 25 R 4R T, 3
O A R 1 A g e R T S ) B IATY RN R, T BB PR A O BRI B AR, T S R R 3 o e
S REAEYEAVE LSS , 6 & =R B AGE i 52 BELAS 6 A i (R4 =4 20 e 1) el AR, 1 T ol B o7 T AL R AR
(L e Ja D PR REREAIG , ELIMZEAE SRy v B R AR A = A, 3R 3 X AR K R B s e /T 590
s T SR B3 % . Gonocruz 45 NS & BRA Y AR 2 B A3 BH R Feidf R Ry 279%—39% i 2 /0 REAS 2k 45
80% (7K AE 1t . HUR  AWFFE R B, B0 248 S 25 At L, H 30% F1 90%EE R T (1 284 Wy i L 4
1o, S TR IR EE T S ] T8 S 2065 P iz i B SRS R RS i a5 4, DA i 6 RE A 4l R AR
FHRE 7 A S FRARAE SR W b, B kR A i LL , 26 W 3 25 A2 B Wit ik 200 58 22 B TR Ak 7= 0 43
BC A Fc LB IR 28 B A0 B e A T He

2 i TR AR 0 7 B, 3k 528 R 9 5 S A 7 A 4 3K A R A ARG 15 4 B F)
WA, AT AT REJE R R B A ] T E G AR BRI T EE T B B R E I R MR AR I R
Ho MY SRR T 0 & i SRR G & A, I B AR W B R R A i
X B S A PSR b AR AR A G, BRIE R SRR SO0 A TR T R A
MHEREE b 5 i N AR B A AR FH 200 AR HE R R MG AL, (AR & A B 2R AR &
BB 2 | JE TR AP RO AR (3 i AR AR R AR 5 0 A8 At mT B 5 B S 3 0 3 S oK A G
FeE KA B 3 A R A SRR B AR e AR R SRR 1 A B, KR R 2 ) AT S ) I
k-4 = VoA 112 I 1b 5 Rtk d = = 2 (i S [ R R (E R VA7 ) NERD I NS =1 s o 0 e 1151 5 7 AV
WA S AR ORI E Ry 1 S AR . A AR 1 B S, DR LR 1 S PR AT 75— 25 3G TR B
4 g

THE T R 0% S 2 K T VA 5 b e 2 4 A I PN - M T K AR R R, LB B R Y
BTG ACRINERAE AR B ST 2 R AR e A b il 2% 1) v 0 B R A 2 A B A K b
FERLRLIG D7 , (A B RE NS4 S PR R 1, 5906 T IM2E A Sl bk eef R o BOLe 6
FE REOCAEEE M Nt B R R SO A o By T A5 O ORI G VE . AR R AN
30%—60%It , BEWZ 4 I 18%—38% M BF1E 2 3 & K i, BRI 6%—18% M #F1E 2 + 58 & #h &, JF 4k 5
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15%—38% [ i1 2% A W i Fl 29%—55% W ZE AR ™= &, PRL , B SUEE AR 4L FRIEE B R 24 8 30%—60%
B ER B G IR 2R G0 N RV INSS | DL FE 0 B A ER Bt G IR 2R Ge A S0R) A st RN el S22 BE VR A 7= TR BT T

Brigt . h E b B AL 5 A T AR W RS A BERIETE oINS B B IR RIS S AR LT
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