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AE W 109 d 22470 BRRL A g B DUl K2
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KRG HCE A FRATE], REATH EARATEEE R 50 cm)
FIBIAT T AAF AR R T (A2 FORAEAT 40 em, 5847
160 em, PiFT K EAE TR TEATN, REATS KT
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B 10 em, AR BIFRRG 10 45, HITRINH R EoROK
HEATRE KB B
1.3 MEMBSA*
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(KEHE 5 FEMN &R, TR AR, 7K
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7 Hi-Point A H]) e R G Z T E 77 10 em A4,
P ) R MR A S A a5 BOF- BB AE K e 2 1
DI
1.3.2 Rartr k&AM TR VS B, RA Li
—6400XT JE&4Y ( 25 Li-Cor 23 7)) £E#E K 1100 i)
FER T M 1S 3R (net photosynthesis rate,
Pn) . 7& & ¥ K ( transpiration rate, Tr) . T fL § &
conductance, Gs ). ffd [ CO, ¥ &
(intercellular CO, concentration, Ci) , & PPFD fH

( stomatal

41000 wmol-m™-s™", CO, ¥R 450 pmol - mol ™",
W 25°C M e R AR RS = A (O
PAETRECGE 3 e AN ) iyl R gt E , 4
S FRGERE 3 MR EAARERME 0 K A AR #EAT I E | HOF
HME.
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K H CF Image W 2t £ 5% 6 148 R & (95 H
Technologica 2~ ) Il & K & 0 7 PS 1T 89 ¥ 78 16 P
(F./F,) . PS I J5 91 5% RE &% 4k 8% (- maximal PS 1l
quantum yield in the dark, F /F, )  AEY6ib2zo¢ YR K
ZEU(NPQ) . PS Il ARt T 7= & ( photochemical
efficiency of PS1I in the light,F,'/F ") .PST 5Zfr)ttk
2FR0C% (actual light quantum yield of PS I JEVE)) o

DU E I BT R GAE RS =S g b fr ket
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1.4 HELESH . OCK m A2 @ Al
KM Origin Pro 2018 #4151, SPSS 18. 0 #iff: itk a0
TR ST 5 500, SR A5 R T R R Ty 25 53T ook
1R H SSR ¥ (shortest significant ranges ) #4172 & [t %? ool
#e 23
it
el
2 HRG55MW RE
2.1 REBEXETRETE

H & 1 RT3 AN BER PR L AR S )2 PPFD 7E
— R RS IS B A AR (LR34, AL A2 1 PPFD
BEET CK, Hh, A1 A2 7E 13.00 B PPFD 43 5 4%
CK A% 82. 99% 1 72. 64% , iXUe4E - 5EERT
TTEEARITZ I AREES (A1 A1 A2 B KA TAIR S 4710
#4397 50 F170 em) K EKRMITTHE (AL W EKRATHE A
100 cm, A2 B FKTEFTATHEN 160 cm) K,

13:00
A /] Time
T AR/ TR R AL FRE] 22 57 8.3 (P<0. 05)
Note; Different lowercase letters indicate significant
difference at 0. 05 level among treatments.
E1 FELETXEERE PPFD
Fig.1 Soybean canopy photosynthetic photon flux

density under different treatments
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Table 1 Effects of maize shading on photosynthetic parameters of soybean leaves

i g il AL Al CO, et A
Varieties Treatments Pn/(pmol - m™+s7")  Gs/(pmol + m™2+s7") Ci/( pmol -mol ™) Tr/(mmol +m™2+s71)

i 12 Al 15.270. 52¢ 0.270. 02¢ 251. 67+20. 17a 3. 060. 22¢
Nandou 12 A2 17. 030. 76b 0.330.01b 248. 67+8. 06a 4.69+0. 14b

CK 27.91+0. 78a 0. 46+0. 00a 238. 67+3. 30a 5. 170. 06a
HE 3 Al 14. 97+0. 39h 0.240. 0lc 258.33x11. 44a 3. 08+0. 36¢
Guixia 3 A2 16. 10+2. 19b 0.29+0. 03h 239. 00+12. 08a 4.87+0. 14b

CK 26. 40+1. 70a 0. 440. 02a 235.00+1.41a 5.50+0. 02a

T B NE FRER R 2251 35 (P<0.05) . Rl

Note: Different lowercase in the same column letters indicate significant difference at 0. 05 level. The same as following.

2.2 KEMREXESE

3% 1 n] 50 Bl KRS A P Gs Tr BEILT
CK,fH 3 ML) Ci 25 A, 78 AL F A2 4%
T, AR S P Gs T “FY9%8 CK 43 Wi A%
44.32% F1 39.00% ( A1 F1 A2, F[A]) . 43.33% #I
31. 11% 42. 46%F1 10. 22% , [0, BRAEEE 3 58 Pn
S RS FIAE A2 () Pn Gs Tr BEm T AL, HAH
AL EEZ/F T, R E 12 19 Pn F Gs B THEE 3 5,
2.3 KREMRMEZERL

M2 n s, dk N KREMHAy F/F, BIF/F,
BEET CK,F,//F, BFMKT CK,H 3 ALY
NPQ Fl F,'/F ' ZERARE , PIGFTE AL Fl A2 Byt
K F/F, Fl F/F, ¥ % CK 1 hn 24.96%
22.34% 4.52% F 3.87%, F,'/F,' “F- ¥ % CK BEAK
8.93%H116.07% , WA BREEE 3 SAEALF,/F,’

BERT A28, WG FALE AL F/F, F/F, FF '/
F) 5 A2 2R3 R0, MEAEZET, FHY 12
MR F/F, F/F, M F'/F BETHERL3 5,
2.4 KEMFRBIHEN

FHIE 2 fNZe 3 A%, 5 CK M LE, B~ KRG A
JEERE MRS 25 £ 52 B R 963 405 4 4 VS S AR Mg 4 L 4
WL SVHES B i, 1 52 12 E AL AT A2 Ay H R
BE R R MR MR AU R R CK 43 51 8 AR
38.09% H1 21.36% . 45. 24% F1 30.94% . 54. 04% #il
44.89% A 3 SAE AL F A2 B JERE R KR
JE A 2 20 R B B CK 4 Sl W 3 R AIG 48 15% I
32.04% 51. 12% 1 38.75% .63.58% 1 58.79% . T
912 FIEEE 3 S7E AL 1 B RIRE B CK 3
A 12. 60% 1 14.39% ,(HFE & 12 FIFER 3 57E A2
B EREEES CK 2R A83%E, AN HER 3 57
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Table 2 Effects of maize shading on chlorophyll fluorescence parameters of soybean leaves

mn Qb PR PS I Y7 1E Ps I 41t RE E|S ) PS T A x50k PS T s fRetbas

Varieties Treatments Witk F/F, L & PR ZHL NPQ WFrER FY/F) L&
M 12 Al 4.530.01a 0.82+0.01a 2.34+0. 06a 0. 58+0. 00a 0.2620. 01b
Nandou 12 A2 4.32+0.20a 0.810. 0la 2.43+0. 25a 0. 56+0. 02a 0.24+0.01b
CK 3.70+0. 30b 0.780. 01h 2.21+0. 15a 0.540. 03a 0.29+0. 01a

HHE3E Al 4.03+0.45a 0. 80+0. 02a 2.46+0. 19a 0.54+0. 02a 0.25+0.01b
Guixia 3 A2 4.06+0. 38a 0.80+0.0la 2.44+0.21a 0.55+0. 02a 0.23+0.01c
CK 3.150. 14b 0.77+0.01b 2.43+0. 24a 0.51+0.0la 0.27+0.0la
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Note: A, B, and C are the leaf anatomical structure of Nandou 12 under A1, A2, and CK, respectively. D, E,

and F are the leaf anatomical structure of Guixia 3 under A1, A2, and CK, respectively.

B2 EXRBXKEM A EELS

Ll b Al

Fig.2 Effects of maize shading on anatomical structure of soybean leaves
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FE AT Y FR R R | S R R AR TR SRR
KR B SRR AL B T A2, 12 f 3
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HEE35,
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SRS M A P Gs A1 Tr W FFEAK, X 5/ TG
A5 S fef S BF 0 152 AN RO 3 4 BT K B A et
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Table 3 Effects of maize shading on anatomical structure of soybean leaves / pm
s JE J& R 20 415 TR LU
e sty B %%EZEJE‘F _F%%EZEJB%‘F 15?1&1‘ Y E‘J}? 3 %E/.EJE
L . Upper epidermal Lower epidermal Palisesade tissue Sponge tissue
Varieties Treatments Leaf thickness . . . K
thickness thickness thickness thickness
FE 12 Al 73.37+5.35¢ 11.93+1. 08be 6.97+1.03c 21.48+1.29b 32.70+2. 55a
Nandou 12 A2 93.21+4. 13b 12.42+1. 24ab 8.750. 69b 25.76+1.58b 37.02+2.37a
CK 118.52+5.28a 13.65+1.32a 12. 67+0. 96a 46.74+2.33a 38.92+3.02a
HE 35 Al 65.99+3. 25¢ 10. 65£1. 22¢ 6.32+0.71c 20.89+1.42b 24.36+2. 63b
Guixia 3 A2 86. 494. 23h 11. 43+0. 99he 7.92+0. 84b 23.64x1.36b 43.70+2. 34a
CK 127.26+5. 76a 12.44+1. 02ab 12.93+1.23a 57.36+2. 36a 46.32+1. 66a

A B .C AR 12 76 AL A2 CK IYRMERIRBAEEH D JE F 435I EEEL 3 576
A1 A2 CK HY 2R A TS s GL. FhE )28 5 SG - JE ML ; OG - AR IR
Note: A, B, and C are the chloroplast ultrastructure of Nandou 12 under A1, A2, and CK, respectively.

D, E, and F are the chloroplast ultrastructure of Guixia 3 under A1, A2, and CK, respectively.
GL: Grana lamellae. SG: Starch grain. OG: Osmiophilic granule.

3 ERBERMKEM R M EEBREGHE R

Fig.3 Effects of maize shading on chloroplast ultrastructure of soybean leaves
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Table 4 Effects of maize shading on chloroplast ultrastructure of soybean leaves

o R Bk A B AV RS UNTI LA TEARL T A TR/ T A T AR
ATE Ab . . . .
L Base thickness Numbers of base The base area/ Starch granule Starch grain area/
Varieties Treatments K )
/m particles the chloroplast area area/ jLm chloroplast area
ME 12 Al 0.28+0.01a 34.33+1.25a 0.28+0.01a 9.14£0.47a 0.40+0. 03a
Nandou 12 A2 0.21+0.01b 31.33+2.05a 0.21+0.01b 4.33+0.94b 0.22+0. 03b
CK 0. 18+0.01c 22.67+0. 94b 0. 18+0.0lc 4.24+0.47b 0.21+0. 03b
HHE 3% Al 0.27+0.01a 24. 00+0. 82b 0. 28+0. 00a 6.73+0. 60a 0.28+0. 04a
Guixia 3
. A2 0. 18+0. 00b 31.33+2. 49 0.1820.01h 1.58+0. 15h 0.1320.01h
CK 0. 16+0.01c 32.00+0. 82a 0.16+0.0lc 0.52+0. 04c 0. 09+0. 03¢

2% R DO RE I LR EE R XA YOG VR 52
mit o FEARBFIE H, Tk BI#F KB R FL/F, R
F/F, % CK WERIN 0 F/F) B ERAL, STy
ST W EE T RS R B/ E R F/ SN,
F./F, FINPQ T BRI 45 R A —5, Btk B
Gk )2 PPFD [RAK, di 6 &2 & 1K 1T (light harvesting
complex I ,LHC II ) 43R A St g B Ik, g i ffi PS 11 7]
FIFHEOGREREAR, DA A28 A6 AT Be fff i — 2544 o {4 ik
( plastoquinones , PQ) i JFJ# /> S 28 PS [T {6 R
bof &2 E1K (eytochrome b f) A4 HL, T 1% 35 SORBEAR , 100
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R AL AT ATP 974, A, TR nl il -2
PRINTE BRI R CK 235 19, 3 m] B J2: A b 17 i
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SEBRL I R, B HL B A 5 3 a1 — AP
FCo BAMCIREE T R R S AR SO AR A AR i Ao
AR I —2, B 5L 12 B ERRIECR A CK MY, H: 3
IR, HLRI R 12 2R A (0 FER B S A5 i T AR
Ly RL T AR i SR AR TRER 3 5 U] S A
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4 it
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Effects of Maize Shading on Chloroplast Structure and
Photosynthetic Characteristics of Soybean Leaves
Under Intercropping Pattern

TAN Tingting FAN Yuanfang LI Shenglan WANG Zhonglin YANG Feng® YANG Wenyu

(College of Agronomy, Sichuan Agricultural University/Key Laboratory of Crop Ecophysiology and Farming System in Southwest,
Ministry of Agriculture/Sichuan Engineering Research Center for Crop Strip Intercropping System, Chengdu, Sichuan 611130)

Abstract; In order to investigate the response of chloroplast and photosynthetic fluorescence characteristics of soybean
leaves to the shading under the maize-soybean intercropping model, Nandou 12 and Guixia 3 were chosen as experiment
materials in this study, setting soybean monocropping (CK) , single row of maize intercropping (Al) and two rows of
maize ribbons intercropping ( A2 ) three treatments to analyze the chloroplast ultrastructure and photosynthetic
fluorescence parameters of soybean leaves. The results showed that the chloroplast basal thickness, granule area/
chloroplast area compared with CK, starch granule area and starch granule area/chloroplast area compared with CK
soybean leaves increased under shading of intercropping maize, Not only that the basal grain thickness and starch granule
area/chloroplast area under shading of Nandou 12 were higher than Guixia 3 under the shading, but the number of
chloroplast granules varied significantly between varieties, with Nandou 12 increasing and Guixia 3 decreasing. The
thicknesses of the leaf, palisade tissue and sponge tissue were significantly reduced under the shading compared with
CK. The leaf thickness, upper epidermis thickness, lower epidermis thickness and palisade thickness of Nandou 12 in
A1l and A2 were all higher than Guixia 3. In addition, under the shading, the potential activity of PSII (F /F,) and
the maximal PSII quantum yield in the dark (F /F, ) of soybean leaves were significantly increased, and the stomatal
conductance (Gs) , transpiration rate (Tr), net photosynthetic rate (Pn) and actual photochemical efficiency (F,’/
F,") were significantly reduced. Moreover, Pn and F '/F, " of Nandou 12 under Al and A2 were both higher than
Guixia 3. Therefore, the intercropping of maize shading directly affects the structural characteristics and photosynthetic
fluorescence characteristics of soybean leaves, but there is a significant difference in response between varieties. This
study can provides a theoretical reference for the breeding of shade-tolerant intercropped soybean varieties.

Keywords : intercropping, soybean, chloroplast, photosynthetic parameters, fluorescence parameters





