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Fig. 1 Designing of the pots used in the experiment ( A, inner
chamber filled with soil; B, 200-mesh sieve; C, the central point
where alfalfa was planted; D, outer chamber filled with quartz

sand )
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Table 1 Chemical properties of the experimental soil
ARG SRR SRS
ML = B il N Y TH B Exchan- Exchan-  Exchan-
5 . WA AR
+ 1 pH Organic Total Total Total Available geable geable geable
Alkeline-N  Olsen-P
Soil (H,0) D matter nitrogen  phosphorus potassium kalium calcium acid aluminum
-1 -1 -1 -1 (mgkg™") (mgkg™") -1

(gks™') (gkg™') (gke™') (gks™h) (mgkg~')  (mmol (emol (emol

k™) kg™ kg™h)

i+ Y 4.73+£0.09  7.16 0. 67 0.10 10.8 66. 57 5.89 61.37 3.44 3.24 2.38

JgS 4@ 4.45+0.13  6.87 0. 68 0.11 10. 8 69. 95 5.88 61.82 3.41 6.05 4.65

@ Acid soil, @ Acid soil with aluminum added. 1) 7K+ [t 2.5:1 Water-soil ratio is 2. 5: 1

1.2 REi&it
R T 2012454 H—8 AT K¥REN
AT, IRIAEE A 1, N EHA 6 kg R -5, 4
FEIMAG S R KE A, JEE SN E LA
AR o 50 2 A b 4 ) A 398 5 K B AR R AE A
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L AN Ca® " B BT g 2,38 9 A b
BRI R 3 ANEA Ca’" B 14 d R,
RIE 5K 30 d(4 A 24 H) J5 , fEHNE G S mb N
P 219 DOy, = 1 (2 SR EE 10 ~ 107 ind
ml™")S. meliloti 91522 B 10 ml, $ F J5 3% K 10
ml B T KRS B A 200 ml J5 357 A 4h 2
Ja A 9erb b R AT B LR DY A B A TR

BREY 1.3.5.7.12.17 .27 .37 5777 .97 K
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Table 2 Design of treatments
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5 Ca5SP0 Ca5P4 Ca5P30
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Fig. 2 Number of acid-tolerant rhizobia in acid and aluminum soil 6 ~8 cm apart from the root as affected by interaction of Ca and P
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Fig. 3 Number of acid-tolerant rhizobia in soil 1 ~2 em apart from the root as affected by interaction of Ca and P
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Fig. 4 Quorum sensing of S. meliloti 91522 in soil 6 ~8 c¢m apart from the root as affected by interaction of Ca and P
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Fig. 5 Quorum sensing of S. meliloti 91522 in soil 1 ~2 ¢m apart from the root as affected by interaction of Ca and P
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Table 3  Agronomic traits and nodulation of alfalfa in the pots as affected by interaction of Ca and P
b i 5 LA HoR i
L Root fresh weight Shoot fresh weight Total of nodules Nitrogen content
Treatment
A(g) B (%) A(g) B (%) A(ind plant ") B(%) A(gkg™) B (%)
Ca0PO 0.131 £0.045d 100 0.311 £0.041d 100 0.491 £0.216d 100 8.57 +1.40e 100
CaOP4 0.175 £0.014d 134 0.350 £0.070d 112 0.833 £0.167d 170 9.89 +0.79%e 115
Ca0OP30 0. 180 = 0. 065d 138 0.412 +0.107d 132 1.989 = 1. 040d 405 14.55 0. 34de 170
Ca5P0 0.485 +0.048b 372 0.944 +0.065a 303 3.856 +0. 666¢ 786 18.69 0. 89¢d 218
Ca5P4 0.554 £0.098ab 425 0. 883 +0.094ab 284 6.711 £0. 883ab 1368 20.41 + 1. 64ab 238
Ca5P30 0.609 0. 056a 467 0.964 0. 125a 310 7.233 £1.358a 1474 21.14 £1.68a 247
CalOPO 0.385 +0.036bc 295 0.674 £0. 157bc 217 3.698 £0.919¢ 754 16.44 £0.42cd 192
CalOP4 0.314 £0.085¢ 241 0.639 £0. 119¢d 205 4.065 £1.292¢ 828 16.52 1. 54cd 193
CalOP30 0.321 £0.026¢ 246 0.759 £0. 195ab 244 5.192 + 1. 044bc 1058 19.69 = 1. 19bc 230

WA SRR G R Y + Fr i 22 5B HICE A X CaOPO (1) 43 & Note: Column A represents mean +* standard deviation of every index.

Column B represents component relative to CK ( CaOPO0)

2.4 ERXEMEATIESIHRUERSEREEH
EMBEBRNEEXK R
5H1H.10H.20H.30 H.6 H20 H.7 H10
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Table 4 Relationships of exchangeable aluminum, calcium with number and quorum sensing of rhizobia as affected by interaction of Ca and P

TEAR K RECRRR Y EAR X AR TR KRR GRS R KRR AR RS RIS etk ©
8 R DR g i 1. 000
IR T A i 0.919°" 1.000
R DR R P 0.853** 0.875*" 1. 000
IR DX AR 8 o A 0.682"" 0.648 ** 0.765 " 1..000
4 e 4 © 0. 207 0.121 0. 026 0. 164 1. 000
TS A 0.116 0.027 0.316* 0.363" -0.059 1. 000

(MQuorum sensing in the far root zone, 2)Quorum sensing in the near root zone, 3)Number of rhizobia in the far root zone, @ Number of rhizobia in

the near root zone, (5)Exchangeable aluminum, (6)Exchangeable calcium
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EFFECT OF CALCIUM AND PHOSPHOROUS ON MIGRATION, PROPAGATION

AND QUORUM SENSING OF RHIZOBIA IN ACID SOIL UNDER ALUMINUM STRESS
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Abstract

Soil acidification has become a serious challenge to farmers in the past decades as a result of acid rain,

fertilizer application, climate change, etc. In the year of 2000, about 21% of the arable land soil was defined as acid soil

in China. At the same time, about 50% of the agricultural soil the world over has become acid soil. Researchers have
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been working in fields related to acid soils from the aspect of its biological perspectives in order to remedy and exploit the
soil. In the past years the authors have been focusing on the subject of acid tolerance of rhizobium, which may help its leg-
ume host, including alfalfa, one of the most sensitive plant to soil acidity, to survive in acid soil. What the authors found
in previous studies has shown that acid-tolerant rhizobia improve rhizospheric environment for growth of their legume hosts
in acid soil by secreting alkaline substance. Application of a proper amount of calcium (5 mmol kg™') enhances growth
and multiplication of acid-tolerant rhizobia, which leads to better growth of the legume host manifested in significant in-
crease in the concentration of total N in the plant (p <0.05) as compared with CK or Treatment CaOP0, i. e. no P and Ca
addition. At the same time, the quorum sensing of the rhizobia in the rhizosphere improves, too. Addition of phosphor-
ous, as demonstrated in volumes of researches, stimulates root extension and helps the plant stand a number of environ-
mental stresses. Nevertheless so far few papers are available on effect of addition of P and Ca together on growth of rhizobia
in acid soil and hence on tolerance of the host plant to acid in soil. To explore the effects, a pot experiment on alfalfa and
an acid-tolerant stain of rhizobia, Sinorhizobium meliloti 91522 was carried out using the dual-chamber culture method. In
the experiment, the pots were packed with acid soil ( pH4.45) | which was amended with A’ "till A1’ toxicity of the soil
reached medium in level and each pot was divided into two chambers, i. e. inner and outer chambers. Rhizobia 91522
were inoculated into the soil in the outer chamber, far from the plant in the inner chamber, to test. Results show that with-
in the 97 days after the inoculation the number of rhizobia was all significantly higher in the pots amended with 5 mmol
kg™' Ca’" than in CK. For example, the maximum number of rhizobia in the soil, 1 ~2 ¢m from alfalfa root in the pots
treated with Ca’* but no P was 615 times that in CK. On such a basis addition of P enhanced the effect of Ca on growth
of rhizobia, e. g. the number of rhizobia, increased up to 9. 4 times that in CK. Therefore, it could be concluded that in-
teraction existed between Ca and P in the effect. Addition of Ca’” and P also significantly raised the concentration of N-ac-
yl-homoserine actones (AHLs) -the indicator of quorum sensing of rhizobia in the soil under acid and aluminum stresses.
For this effect, the addition of 5 mmol kg ™' Ca’" worked better than that of 10 mmol kg ' Ca. The rhizobia in the near
root area (1 ~2 cm from the root) and the far root area (6 ~8 cm from the root) had similar trends in variation of popula-
tion during the culturing period, i. e. one week after inoculation, rhizobia spread gradually from the far root zone to the
near root zone, peaked in population about 30 days after inoculation, and afterwards the populations of rhizobia in both
zones started to decline and level off, However, the population of rhizobia was much bigger in the near root zone than in
the far root area all the time except the first two weeks after inoculation, showing that the rhizospheric micro-environment
of the host plant is also an important factor affecting the population of rhizobia and quorum sensing. It is tentatively held
that addition of 5 mmol kg™' Ca’" and 30 wmol kg ' P is an optimal treatment, which helps better survival, migration and
quorum sensing of acid-tolerant rhizobia in acid soil under aluminum stress, and hence growth of alfalfa under the afore-
mentioned stresses. The plant in this treatment was 4. 67, 3. 10, 3. 47 and 14. 74 times that in CK in root fresh weight,
shoot fresh weight, nitrogen concentration and number of nodules, respectively.

Key words Acid soil under aluminum stress; Alfalfa rhizobia; Interaction of Ca and P; Quorum sensing; Migration

and multiplication
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