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Effects of Straw Returning on Photosynthetic Fluorescence Characteristics and
Yield of Soybean Under Elevated Ozone Concentration

ZHANG Ming, WANG Yan, ZHAO Tian-hong, WU Hong-yan, SUN Ming-yu, MU Lin
(School of Agriculture, Shenyang Agricultural University, Shenyang 110161, China)

Abstract: In order to investigate the effects of straw returning on photosynthetic fluorescence characteristics and yield of soy-
bean under elevated ozone concentration, Tiefeng 29 was used as test material to study the changes of photosynthetic fluores-
cence parameters and yield of soybean under the conditions of straw returning and ozone concentration. The results showed that
with the increase of O, concentration, the net photosynthetic rate (Pn) , transpiration rate ( Tr) , stomatal conductance ( Gs)
and water use efficiency (WUE') of soybean decreased, and the intercellular CO, concentration ( Ci) decreased firstly and
then increased. The trend of Pn was significantly decreased by 48.59% (P <0.05) compared with S1 in T1 treatment. The
Tr and Gs increased significantly by 51. 26% and 50. 41% compared with SO in the T2 treatment (P <0. 05) ;The initial pho-
tochemical efficiency ( Fv/Fm) of PS1I, the potential activity of PSI ( Fv/Fo) and the actual photochemical efficiency of PS
I (®PSII ) increased firstly and then decreased, photosynthetic electron transport rate ( ETR), photochemical quenching
coefficient (gP) decreased rather than elevated photochemical quenching factor ( NPQ). Compared with SO, F1/FO signifi-
cantly decreased by 30. 13% (P <0.05). There was a significantly positive correlation between yield and ETR and Pn (P <
0.05). The experiment showed that high concentration of O, reduced soybean yield by inhibiting the photosynthesis of soybean
plants and decreased the electron transfer rate. Straw returning to the field did alleviate to a certain extent but could not funda-
mentally eliminate the negative effects of ozone stress.
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S1: Straw returning to the field; SO Not yet returned. Different
small letters in the rows show the significance of different treatments
at P <0.05 level, respectively. The same below.
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Fig. 1 Effects of straw returning on net photosynthetic
rate of soybean leaves under elevated
ozone concentration
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rate of soybean leaves under elevated

ozone concentration
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Fig. 3 Effect of straw returning on stomatal conductance
of soybean leaves under elevated

ozone concentration
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Table 1 Analysis of variance of photosynthesis performance of soybean by various factors and their interactions
Sk A R 532 Significance

Factors Df Ci Gs Pn Tr WUE

04 2 <0.01 <0.01 <0.01 <0.01 <0.01

HC 1 >0.05 <0.01 >0. 05 <0.01 <0.01

Stage 1 <0.01 <0.01 <0.01 <0.01 <0.01

0; x HC 2 <0.01 <0.01 <0.01 <0.01 <0.01

05 x Stage 2 <0.01 <0.01 <0.01 <0.01 <0.01

HC x Stage 1 >0. 05 <0.05 >0.05 <0.05 <0.01

05 x Stage x HC 2 >0.05 <0.01 >0. 05 <0.01 <0.01

Oy RAMCER; HC . FEFFAE AL PR ; Stage : B W . TIH),

05 : Ozone treatment ; HC ; Straw returning treatment ; Stage : Growth period. The same below.
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Table 2 Effects of straw returning on chlorophyll fluorescence parameters of soybean leaves

ST OREM R PSR- IE 73X, 8 i 1 g e

under elevated ozone concentration

S SEEIN

inpit|

sl

Period Treatment Fo/Fm oPS Tl Fu/Fo ETR P NPQ
A2 CKSI 0.536 £0.078 ¢ 0.424 £0.013 ab 1.450 £0.120 he  5.707 £0.173 a  0.673 £0.068 a  0.661 =0.281 a
Branching CKSO 0.548 £0.073 be 0.401 £0.041 ab 1.268 £0.368 ¢ 5.470 £0.595 ab 0.619 £0.064 ab 0.585 £0.228 a
stage T1SI 0.649 £0.047 a  0.453 £0.063 ab 1.885 £0.415 abc 4.947 £0.541 ab 0.607 £0.052 ab 1.034 £0.400 a
TIS0 0.685+0.033 a 0.377£0.040 b 2.151 £0.389 a  3.885£0.529 ¢ 0.581 £0.019 ab 1.009 £0.095 a
T2S1 0.642 £0.041 ab 0.443 £0.063 ab 1.833 £0.340 abc 4.520 £0.452 he 0.586 £0.033 ab  1.055 £0.342 a
T250 0.676 £0.015 a 0.486£0.068 a  2.089 £0.134 ab 5.036 £0.613 ab 0.560 £0.043 b 1.184 £0.436 a
eS| CKS1 0.637 £0.005 ab 0.460 £0.044 b 1.759 £0.037 abc 2.534 £0.173 b 0.536 £0.036 a  0.637 £0.492 a
Podding stage ~ CKSO 0.683£0.033 a 0.487 £0.022 ab 2.173 £0.311 ab 2.494£0.370 b 0.502+0.030 a  0.810=0.259 a
TIS1 0.619 £0.012 ab 0.557 £0.009 a 1.623 +0.077 be 3.323+0.383 b  0.492+0.092 a  0.964 =0.036 a
T1S0 0.678 £0.094 a 0.469 £0.017 ab 2.323 £0.612a 4.886£0.435a 0.461 £0.102 a  1.148 £0. 146 a
T2S1 0.556 £0.060 b 0.497 £0.096 ab 1.283 £0.332 a  3.232 £0.662 ab 0.460 £0.074 a  0.949 £0.201 a
T250 0.586 +0.051 ab 0.461 £0.045 b 1.439+0.328 a 3.304+0.794 b 0.438+0.079 a  1.189 +0.462 a

[AFIARTR NG FRARERZE S B # (P <0.05) . N,

Different lowercase in the same line indicate significant different (P <0.05). The same below.
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Table 3 Analysis of variance of soybean fluorescence parameters by various factors and their interactions

FEES A . E % Significance

Factors df Fv/Fm Fv/Fo OPS I qP NPQ ETR
0, 2 <0.05 <0.05 <0.01 >0.05 <0.05 >0.05
HC 1 >0.05 <0.05 <0.01 >0. 05 <0.05 >0. 05
Stage 1 >0.05 >0.05 <0.01 >0. 05 >0. 05 <0.01
0; x HC 2 >0.05 >0.05 <0.01 >0. 05 >0. 05 >0.05

05 x Stage 2 <0.01 <0.01 <0.01 >0.05 >0.05 <0.01
HC x Stage 1 >0.05 >0.05 >0. 05 >0. 05 >0. 05 >0. 05
05 x Stage x HC 2 >0. 05 >0. 05 <0.01 >0. 05 >0. 05 <0.01
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Table 4 Effect of straw returning on soybean yield under elevated ozone concentration

BRI BRI T EE L/
b3 Seed number per plant Pods number per plant 100-seed weight/g Seed weight per plant/g

S1 S0 S1 SO S1 S0 S1 S0

CK  120.875£2.003 a 104.667 +5.033 b 72.250 +4.012 a 68.625 +3.798 ab 24.783 +3.001 a 23.693 +3.00 ab 28.700 +3.00 a 23.713 +3.00 a
Tl 58.000£3.00 d  83.667 +3.213 ¢ 31.500 +1.005 ¢ 42.750 £2.245 b 20.667 +3.123 ab 18.067 £3.00 b  11.950 +£3.00 b 15.367 +3.00 b

T2 52.667 £4.170 d  57.500 +4.000 d 38.333 +1.128 be 38.012 £1. 122 be  19.200 +4.310 ab 21.323 £4.00 ab ~ 9.990 £4.00 b 11.675+4.00 b

2.4 G RAERFENBERXSH KK FE 0 0.610.,0. 968, H. Pn Tr — 5

H1Z S Al Fo/Fm 5 Fo/Fo [NPQ .Gs MR BB IEASC, AR REON 0. 642, WUE 5 oPS T 2
FHIEAHIC, M0 R E0 51 9 0.931.,0.436,0.330,  HRBFHIEMK .5 ETR Ci Gs  Tr ¥4 2 2% M
Fv/Fo 5 NPQ Z [ M W IEAHSC, ETR 5 oPSIL,  5&,/7 &Y ETR Pn 5 W3 1EAE, MR BBl
Pn WUE ¥ 5245 W 2E OG5 oP B BFIEM 0.706 F10. 648, it n] i1, RE " & 565 B 1%
K, ®PSI Y Ci Gs Tr R BFFNAL, G5 6. BERMEDEEHE AR L B FHIEMC, BDEE 70k
Tr PR R FIEMC, G 5 Pn Tr BB FHIEM M5B SSAE e — 2 AAHCERIN TR 5

®5 REKEABEUEMBTTALETHATAE KARFTENEXE

Table 5 Correlation of photosynthesis, fluorescence and yield of soybean with elevated ozone

concentration and straw returning

iH Fv/Fm Fv/Fo qP NPQ ETR OPS 11 Ci Gs Pn Tr WUE  j=& Yield
Fv/Fm 1 0.931** 0.078 0.436** -0.108 0.043 0.054 0.330"* 0.243 0.253 0.039 -0.190
Fv/Fo 1 0.067 0.355** 0.016 -0.044  0.082 0.275 0.123 0. 196 -0.042  -0.127
qP 1 -0.033 0.406** 0.022 0. 009 -0.217 -0.225 -0.221 -0.008 -0.133
NPQ 1 0. 187 0. 087 0.112 0.216 0. 008 0. 250 -0.213 -0.271
ETR 1 -0.404** 0.320 -0.190 -0.635** —-0.210 -0.406** 0.706"
OPS 1l 1 -0.728**-0.473** 0.026 -0.438""0.474"" -0.237
Ci 1 0.716** 0.056 0.680*" -0.749** -0.008
Gs 1 0.610"* 0.968*" -0.500"* -0.076
Pn 1 0.642** 0.159 0.648 "
Tr 1 -0.565** -=0.070
WUE 1 0.207
7o Yield 1

T P <0.05 K (CRUI) B EEARSG T T AR P <0, 01 K OB - i 3 AE G,
* . Significant correlation at the P <0. 05 level (both sides) ; * * :Significantly correlated at P <0. 01 level (both sides).
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