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Accumulation and Distribution of Cobalt in Broad Bean and Its
Effects on the Photosynthesis and Antioxidant Enzyme Activities
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Abstract: The soil cultivation experiment was used to investigate the accumulation and distribution of cobalt
in broad bean(Vicia faba L.) and the effects of cobalt on the photosynthetic characteristics and antioxi-
dant properties of broad bean leaves. Broad bean seedlings at the six-leaf stage were treated with different
concentration cobalt(0,20,40,80,120 mg * kg ') ,and the cobalt content in roots,stems and leaves, photo-
synthetic pigment content,photosynthetic gas exchange parameters,chlorophyll fluorescence parameters of
leaves,growth indexes, POD,CAT and SOD activities of leaves were investigated on the 14th day after the
cobalt treatment. The results showed that: (1) the roots, stems and leaves of broad bean could absorb and
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accumulate a certain amount of cobalt,and there was a significant positive correlation between the cobalt
content of broad bean and soil cobalt content. There were obviously differences in cobalt content between
the different organs,and the order of cobalt content from high to low was roots,leaves and stems. (2)Chlo-
rophyll a content(Chl a), chlorophyll b content (Chl b), stomatal conductance (G,), the maximal photo-
chemical efficiency of PS]l (F,/F,) and the potential activity of PS] (F,/F,) took on the promoting
and the inhibitory effects on 40—120 mg * kg~ ' ;Net photosynthetic rate(P,),

1

effects on 0—40 mg = kg~
intercellular CO, concentration(C;) ,the minimum fluorescence of PS]| (F,),the maximum fluorescence of
and the inhibitory effects on 80—120 mg *

1

PST (F,) took on the promoting effects on 0—80 mg * kg~
kg '; Transpiration rate(T,),carotenoid content(Car) took on the promoting effects on 0—120 mg * kg ',
and all photosynthetic parameters in promoting maximum 40 mg * kg '. (3)Root length, plant height, bio-
mass,POD,CAT and SOD activities showed a obvious rise under low concentrations of cobalt,and a decline
under high concentrations of cobalt. These results showed low concentrations of cobalt could improve the

photosynthesis and growth, while high concentrations of cobalt significantly inhibited the photosynthetic

efficiency,growth and development of plants.
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Table 1 Co contents in organs of broad bean seedling under different concentration treatments

Bl e

o ration Root/(mg & 1) Stem/(mg + g 1) Lea[/(rfig ) S T
0(CK) 0.006 140.001 3e 0.004 240,001 2d 0.004 540.000 5b 4.394 1. 426
20 0.012 340.002 1d 0.00540. 000 4cd 0.007 340.000 2b 0.582 1.041
40 0.027 640.002 4c 0.006=40. 000 9bc 0.011 940. 003 3a 0. 445 0.678
80 0.078 040. 004 4b 0.008 6+0.000 6b 0.014 340.000 3a 0.279 0.294
120 0.089 640.001 8a 0.010 640.001 6a 0.015 340. 000 4a 0.212 0.289

TE < [ 91 AN ) % B 2 75 ¥ JBE A0 B[] 22 57435 0. 05 KK,

Note: Different letters in same column indicate significant difference among different Co concentration treatments at 0. 05 level.
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Fig. 3 The broad bean seedling photosynthetic parameters with different Co concentrations
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Fig. 5 The broad bean seedling antioxidant properties with different Co concentrations
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W OE RS I (PSID e o fb & 7 /= & (F./F.)
WH o R LT R 0 W R R R A7 3 4
R B S E AR 6 L TR FL/F 3 9 5K 2 B A 4
2 BE a8 R DT . AR ST RS VRO R F 40

mg + kg "B F,/F, HIF4G BE T B, UL B PS
L 46 % 2 Wit . [A) A, B mie PSIT ¥ 76 76 1 1)
F./Fo A2 B Ak v B2 38 n 5 b 75 T B Ul WK ik
JE 0 A R T A S R OGS A T s R Y Al
OB A S PS IV FE TG 1 . HL F/Fo MR IR 4L
TREWEE L F,/F, 2K, Ul F,/F, Ik F./F, &
TR R AR S R PS T X4 3 0 R
3.3 AAHRELBTEEYEREUEEEN
T AF1E

SOD.POD J¢ CAT J& 21 g 418 58 1 1 48043 5% 1
it PR A7 2R 0, 76T B A 1 Pl 5 L A o B g o AR A A
FH B 3 4 B I R R O ke R R R
SOD.POD #il CAT EA VrRIAE F 4 20 T A 50
BRARER 3 2 0 1 el 2 4 o ek T 32 1 36 1) g
IV, Ay AT 2 B Bl A A B VR RE 8K AR
WFgE s 5k B SOD.CAT (POD I 1 ¥ 46 7% i 14
SR S S o T ) A AR VR RE Al AL BT A R Re e
IE ISR E B ORI P Ok HCE B X B e Y 1
FHo HA N CK 3] 40 mg « kg "B & EH
w3 LR A I I 432 R K L BB A A BRI AR
Ref AL 0 % 40 i S 17 g ok 4R 1 KO- i 9
W B R R S Rk O A LN R AL 2L B Ak 2
S El T PR AR R A R 10 1 s Bl A Tk R Y Ak 2
BEK 3 BhEGIE PEIF G FREL7E 80 mg « kg 'HI D&
KT CK{H. & 120 mg » kg "I 2 B & F K, 5L
At SRR E 428 T EME Pra .
SOD.POD il CAT {1 22 b 156 W 1 {1 ok B 4l %) 4
AR AR VR T e v R R A KA T
A EER U — U T R A .

ZE L RTIR A SR ) VR R AL BT AR 2K
W 28] B B — o R AR Y R R R R e
MOEE B S G OL G R VAL SR R AR
ik 75 3 8PS I d KOG Ak 2 i+ 7= & F1 PS I
TETENG PESOG6 1 T S 8038 R I 0 vk B2 A2 2 1 e
W RE A Y B2 AT A i 2 A AR 1 AR A i AR
Yrim 3 AR IR ARt B AR R A ARt Fa s A
W o BT AT Tl O M A e 38 R B A A
PEF e BEAM R A BRSR . FT DA B A A R R K
RE R RO RO Y R R 500 2 B R AR AR
7 () 30 I R =3 S R 4 i 0% 1 1 A 0L 28 Ak mT B 2 L it
4k W38 L 2 — .
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