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Photosynthetic response of ryegrass to uranium stress and the absorption characteristics of enriched uranium
ZHAO Ji-wu, LUO Xue—gang’, WANG Zhuo, HUANG Qiang

(Life Science and Engineering College, Southwest University of Science and Technology, Mianyang 621010, China)

Abstract: In this study, we investigated the changes in the photosynthetic characteristics and the distribution of uranium in various parts of
ryegrass grown in uranium—contaminated soil. Specifically, we determined changes in photosynthetic gas exchange and fluorescence param-
eters of ryegrass and uranium enrichment characteristics under different uranium concentrations. The results showed that uranium stress
caused a significant decrease in photosynthetic rate and stomatal conductance of ryegrass plants; moreover, it promoted an initial increase
and subsequent decrease in the photosynthetic performance index. However, it did not significantly affect the intercellular CO, concentra-
tion, the maximum photochemical efficiency, or the relative variable fluorescence of ryegrass leaves. Our results also revealed that the
amount of uranium remaining in the soil and the accumulation of uranium in the above— and belowground parts of plants increased signifi-
cantly with an increase in the content of exogenous uranium. With an increase in growing time, the amount of uranium remaining in the soil
decreased significantly, whereas the cumulative amount of uranium in the above— and belowground plant parts increased significantly. Fur-
thermore, the bioconcentration factor and total uranium extraction of ryegrass reached maximum levels at 100 mg-kg™'. The photosynthetic
fluorescence parameters of ryegrass indicate that ryegrass has a high tolerance to uranium as well as a high enrichment capacity for urani-
um, which increases with time and increasing exogenous uranium concentration.
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concentration of exogenous uranium under different growth time

2.2 MBI BEEMEER AT

3 AT LA Y, Bl A A5l v BE g 3, A [+
i I R 22 B ) O S PR BB FR B (Plabs) 2 BRSE FFHE TR
R 1) 4 B (P<0.05) , 17 Bl 2 A= A< B T R 38, AS [ e
JE AL PR Y B SE B Plabs S BU G B TS TR
#(P<0.05) , 7€ 56 d B, 5 X B 20 A Hb 2B 32 B i
Plabs ZZAL T -2.10% .46.96% .16.23% .17.67%; £ 70 d

B, 5 XF B2 AH b BB AE B Plabs 25 46 T 7.09%.
10.47%.~0.42% .~26.75%

& 4 0] LUB i e KB 8808 (Fo/ Fm) Bl SM
U b e B9 388 Tan R 4 A A ] B 38 i, 2 A R
Famy ey, MR 7E 0.771~0.804 1 X (a1 3 FEl 1Y
ARt J3E RN A A B ) % R A ) B KO Ak S AR
AN TEN



2460 PO ERER 235 AEREET SR
K1 AEREMAIETBCF.TF $AIRNEASME KB ZHEDT

Table 1 Dynamic change of BCF, TF, total uranium extraction with time under different U treatments

Az AR B[] AN A 3 B AW W R R EBCF R B TF HER i OsS
Growth time/d Uranium treatment concentration/mg - kg™ Bioconcentration factor Transfer factor Total uranium extraction/mg+pot™
56 25 0.94+0.44f 0.25+0.03h 0.012+0.002 0k
50 1.77+0.19ef 0.48+0.02f 0.021+0.002 4ij
75 1.26+0.49f 1.20+0.08b 0.022+0.001 71
100 2.37+0.93de 1.73+0.04a 0.019+0.000 3j
63 25 4.65+0.20b 0.88+0.07¢ 0.025+0.000 1h
50 2.71£0.96¢d 0.44+004fg 0.033+0.001 8¢
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100 3.40+0.87¢ 0.38+0.10g 0.142+0.001 6b
70 25 6.06+0.28a 0.78+0.07d 0.069+0.001 e
50 5.01+0.81b 0.67+0.04e 0.076+0.001 4d
75 4.69+0.49b 0.65+0.01e 0.118+0.001 7¢
100 6.28+0.10a 0.59+0.09¢ 0.233+0.000 9a

T R NG FHEEOR P<0.05 K- BB 72 5 (LSD,n=3) . R,
Note: Different lowercase letters in the table indicate significant differences (LSD,n=3) at the P<0.05 level. The same below.
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under different U concentrations
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Table 2 Dynamic changes of biological effect index(BI) of photosynthetic system I(PS T ) of plants under

different concentrations of U-contaminated soil

YA A SALRE Gs

Photosynthetic rate/ Stomatal conductance/

SN AR PR B

Uranium treatment

JE] CO- ¥R Ci

Intercellular CO, concentration/

ZEIEH A T

Transpiration rate/

A K]

Growth time/d

concentration/mg - kg™ pmol+m™-s™ mol H:0-m™+s™' pmol CO,+mol™ mmol H:0-m™?+s™!
56 0 10.18+1.59a 0.56+0.12a 337+30.27a 5.77+0.25ab
25 5.72+1.23abc 0.21+0.08ab 412+22.53a 3.96+0.83ab
50 5.78+1.04abc 0.24+0.09ab 335+28.73a 4.62+0.54ab
75 5.20+0.67abc 0.36+0.06ab 332+31.23a 6.62+0.09a
100 4.24+0.22bc 0.21+0.05ab 403+35.30a 5.83+0.18ab
63 0 8.26+2.01b 0.43+0.09ab 371+35.23a 3.50+0.52b
25 3.95+0.67¢ 0.15+0.06b 372+21.45a 5.19+0.48ab
50 4.5+1.02abc 0.12+0.09b 422+33.20a 6.01+0.68ab
75 3.50+0.78¢ 0.12+0.03b 416+33.29a 4.70+0.29ab
100 4.44+1.38bc 0.20+0.04ab 350+14.16a 5.59+0.53ab
70 0 10.06+0.91ab 0.47+0.10ab 341+39.98a 4.06+0.46ab
25 7.24+1.06abc 0.23+0.03ab 372+26.15a 5.48+0.46ab
50 7.92+1.21abc 0.32+0.05ab 388+26.38a 5.98+0.35ab
75 6.68+1.58abc 0.36+0.08ab 461+34.30a 6.41+0.52ab
100 5.87+1.35abe 0.44+0.04ab 380+22.91a 5.97+0.36ab

R3 AGHUESREEEREZEBEX LS

Table 3 Correlation analysis between photosynthetic characteristics and ryegrass enrichment

1Ak BRI e L 1 O M

e w4 e @ TV Rl Pl Cgny gpm ge
A B 1 -0.82%  -0.46 0.6 0.947%%* 0.05 -0.47  -0.85%  0.98%* 0.94#:* 0.96%*
A 1 0.84*  -0.85* -0.81* -0.58 -0.07 0.44 -0.87* -0.75 -0.75
Gs 1 -0.78 -0.54  -0.90* -0.5 -0.08 -0.58 -0.41 -0.39
Ci 1 0.76 0.66 0.37 -0.2 0.74 0.37 0.41
Tr 1 0.19 -0.26 -0.69 0.98* 0.78 0.83%*
V; 1 0.82% 0.48 0.2 -0.02 -0.04
FvlFm 1 0.84* -0.3 -0.58 -0.59
Plabs 1 -0.73 -0.83* -0.86*
9 b 7R B v i
Soil uraniju:mi%ifiﬁfuz Yfi{ientratiun ! 0-86* 0.90
T A SR B o
Underground uranium accumulation ! 0.99%
Hb b A SRR !

Overground uranium accumulation

T R 241318 P<0.05, P<0.01 K- B9 225 B35
Note:* and ** indicate significant differences in levels of P<0.05 and P<0.01, respectively.
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