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Abstract:Low avaliability of soil phosphorus (P) and high activity of aluminum (Al) ion are two primary
constraints to crops grown on tropical acid soils. These two factors limited common bean production
severely in South China. The proposed mechanisms of Al resistance in plants are usually divided into exter-
nal exclusion and internal tolerance. However,the internal tolerance mechanism hypothesis could not ex-
plain how Al-sensitive apoplastic functions are protected from Al toxicity. Therefore,recent studies have
focused on Al-exclusion mechanism. Exudation of ogranic acids from the roots under Al toxicity stress ap-
pears to be one of the important Al-resistance mechanisms by forming a stable complex with Al ion,pre-
venting the binding of Al with extracellular and intracellular substances in the root. Similarly ,organic acids
can form a stable complex with Fe and Al ions to release phosphate.thereby increasing P uptake.

The main objective of the present study was to investigate the exudation and accumulation of organic
acids in bean genotypes in response to low P and Al toxicity stress. With ion chromatography and high per-
formance liquid chromatography,it was found that significant difference in the exudation and accumulation
of organic acids existed among different genotypes under low P and Al toxicity stress. Three types of or-

ganic acids (e. g. citrate,tartrate and acetate) were secreted from the roots of common bean seedlings. Cit-
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rate was the dominant organic acid, which represented 35% ~ 44% of the total organic acids. Higher
amounts of organic acids were secreted by the roots of common bean seedlings induced by Al toxicity stress
in comparison to low P stress. Low P-induced citrate secretion(<{0,2,20 pmol /L) was significantly higher
than high P treatment (>>200,1000 pmol/L). A dose-response experiment indicatied that the amount of se-
creted citrate in the roots of bean genotypes increased with increasing external Al concentrations which
ranged from 0 to 50pumol/L. However ,when Al concentration ranged from 50 to 80pumol/L ,secreted citrate
decreased with increasing external Al concentrations. Al concentration of 50pmol/L induced the highest
amount of citrate secretion under the condition of different Al levels. Among different genotypes,G842 had
higher secretions of citrate,tartrate,acetate ,and total organic acids than AFR,ZPV and G273 under low P
and Al toxicity conditions. The amounts of citrate and total organic acids secretion in AFR were flush with
those in ZPV. G273 had the least secretion of citrate and total organic acid under low P condition,which
was 52 and 54 % of those by AFR,65 and 80% of those by ZPV,33 and 34% of those by G842 respective-
ly. Increase and decrease in organic acid secretion among different genotypes under low P and Al toxicity
stresses indicated that different mechanisms might be involved in organic acid secretion.

The leaves had higher organic acid concentrations than the roots of common bean. The concentrations
of citrate in leaves were 380% ~740% of those in roots under the normal growth condition,386 % ~ 2697 %
under low P stress,and 174 % ~2086% under Al toxicity stress. The total organic acids in leaves exceeded
almost 10 times of those in roots among 4 bean genotypes. The quantity of different organic acids in leaves
was in the order of tartrate>>citrate >acetate ,differing from that in roots. Low P increased the accumula-
tion of citrate,tartrate and acetate in the roots of G842,decreased the accumulation of citrate and tartrate
in AFR.citrate and acetate in ZPV ,and tartrate and acetate in G273. Aluminum induced significant increas-
es in organic acids in the roots of three genotypes,which was 98% ~383% higher than the control. Accu-
mulation of organic acid in the leaves increased in response to low P and Al toxicity stress except citrate in
AFR and acetate in G273.

Under low P condition,P uptake in G842 was 216,176 and 154% of those in AFR,ZPV and G273.
While Al uptake in G842 was 64,66 and 59% of those in AFR,ZPV and G273 respectively under Al
stress. Moreover,(G842 had a higher dry weight compared with AFR,ZPV and G273 in low P and Al toxici-
ty stress. Higher secretion of citrate and total organic acids,dry weight,P uptake,and lower Al uptake un-
der low P and Al toicity stress suggested that in comparison to AFR,ZPV and G273,G842 was more toler-
ant to low P and Al toxicity stresses. Higher tolerance to low P and Al toxicity stress in G842 was probably
attributed to higher secretion of organic acids.especially citrate. Exudation of organic acids.especially cit-
rate by the roots of common bean seedlings was an important physiological mechanism in response to low P
and Al toxicity stress.
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Table 1 Exudation of organic acids in roots of common bean

Traits Treatment Citrate Tartrate Acetate Total organic acids

CK 0.2340.04" (53)* " 0.1540.05 (35) 0.05+0.02 (12) 0.43(100) *
G842 LP 0.3340.05 (37) 0.3140.07 (34) 0.26+0.07 (29 0. 90 (100)

Al 0.8040.01 (38) 0.724+0.11(34) 0.5940.2 (28) 2.11 (100)

CK 0.0940. 04 (26) 0.1440.03 (41) 0.1140.03 (33) 0.34 (100)
AFR LP 0.2140.07 (37) 0.1940.04 (33) 0.1740.04 (30) 0.57 (100)

Al 0.594+0.13 (38) 0.574+0.09 (37) 0.3940.09 (25) 1.55 (100)

CK 0.0840.04 (32) 0.140.03 (40) 0.0740. 02 (28) 0.25 (100)
ZPV LP 0.1740.09 (44) 0.0840.03 (21) 0.1440.05 (35) 0. 39 (100)

Al 0.5240.14 (41) 0.4140.08 (32) 0.35+0.08 (27) 1. 28 (100)

CK 0.0540.02 (23) 0.1540.04 (68) 0.0240.01 (9) 0.22 (100)
G273 LP 0.1140.05 (35) 0.1740. 06 (55 0.03+0.01 (10) 0.31 (100)

Al 0.3140.10 (41) 0.3840.09 (51) 0.06£0.02 (8) 0.75 (100)

* Standard difference. * * N The data in the parenthesis were

percentages of each organic acid over total organic acids, The same below
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Table 2 Concentrations of organic acids in roots of common bean in response to low P and Al toxicity stress

Traits Treatment Citrate Tartrate Acetate Total organic acids
CK 2.204+0.54 (71) 0.3540.08 (11) 0.54+0.07 (18) 3.09 (100)

G842 LP 4.38+0.75 (49) 3.3840.57 (38) 1.1540.12 (13) 8.91 (100)
Al 6.4540.98 (43) 6.26+1.1 (42) 2.2140.41 (15) 14.92 (100)
CK 1.2740. 32 (37) 0.7940.15 (23) 1.3940. 23 (40) 3.45 (100)

AFR LP 0.51+0.11 (18) 0.55+0.09 (19) 1.7940. 35 (63) 2.85 (100)
Al 2.13+0.36 (13) 8.33+1.02 (52) 5.4540. 94 (35) 15.9 (100)
CK 1.89+0.41 (35) 2.6940.49 (50) 0.80+0.12 (15) 5.38 (100)

A% LP 1.3240.22 (19) 3.2140.42 (75) 0.3840.07 (6) 6.91 (100)
Al 4.05+0.87 (35) 3.78+0.68 (33) 3.65+0.38 (32) 11.5 (100)
CK 0.8440. 14 (46) 0.7240.06 (40) 0.2540.04 (14) 1.81 (100)

G273 LP 1.85+0. 24 (75) 0.45+0.08 (18) 0.1740.03 (7) 2.47 (100)
Al 2.1740.47 (61) 0.8440.11 (23) 0.57£0.10 (16) 3.58 (100)

3 . (pg/g)

Table 3 Concentrations of organic acids in leaves of common bean in response to low P and Al toxicity stress

Traits Treatment Citrate Tartrate Acetate Total organic acids
CK 8.3540.75 (18) 33.343.60 (73) 4.1440.58 (9) 45.79 (100)
G842 LP 16.9+2.56 (25) 44.944.22 (67) 5.4840.92 (8) 67.28 (100)
Al 11.24+1. 42 (15) 56.9+5.12 (76) 7.26+1.28 (9) 75.36 (100)
CK 9.124+1.01 (2D 30.942.88 (71) 3.7540. 64 (8) 43.77 (100)
AFR LP 5.8240.48 (11) 42.946.25 (80) 4.6340.72 (9) 53.35 (100)
Al 21.9+4.21 (19 86.4+11.2 (75) 6-18+0.98 (6) 114.5 (100
CK 9.441.25 (27) 23.04+4.12 (65) 2.8640.35 (8) 35.26 (100)
VALY LP 35.640.65 (39) 50. 046. 68 (55) 6.124+1.02 (6) 91.72 (100)
Al 84.5+11.6 (45) 94.448. 25 (50) 9.60+1.38 (5) 188.5 (100)
CK 6.224+1.35 (1) 35.3+2.56 (65) 13+1.57 (24) 54.52 (100)
G273 LP 19.8+2.78 (24) 53.448.28 (65) 9.06+0.86 (11) 82.26 (100)

Al 31. 743. 65 (36) 39.543.95 (45) 16.1+2.16 (19 87.3 (100)
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