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Study on strategies of cluster root forming plants to cope poor nutrient
conditions
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Some specific plants in nutrient impoverished soils form unique root
structures so-called cluster roots (CRs). This study aimed to investigate the low-P tolerance and
impact on soil environments of CR-forming plant species grown in Australia and Japan. The ion
profiles of matured leaves were different among locational profiles, whereas these were not
influenced by seasonal and annual differences. CR-forming plants showed lower concentration in P, N,

and K. Some species or families hyper-accumulated any specific elements, such as Al. Based on both
of field studies and pot culture experiments, analyses on microbial community structure revealed
that the Proteaceae species independent on mycorrhizal symbiosis. Genus Burkholderia was most
predominant group in the rhizosphere soil of CRs of Proteaceae species.
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Table 1 List of harvested plant species in Alison Baird Reserve.

Type Family Species Strategies of Nutrient Acquisition”  Mycorrhization” _Location” Sampling Date” n
Herbaceous Droseraceae Drosera erythrorhiza CARN - T F 5
Drosera indumenta CARN - WF F 5
Drosera tubaestylis CARN - WF F 5
Drosera zoneria CARN - T F 5
Goodeniaceae Dampiera linearis MYC AM T H 5
Goodenia pulchella MYC AM* EF H 5
Scaevola lanceolata MYC AM EF B 5
Haemodoraceae  Anigozanthus viridis SB - WF B 5
Conostylis juncea cf. SB - EF B 5
Woody Casuarinaceae Allocasuarina humilis CR, NF ECM/AM ES A E 10
Dilleniaceae Hibbertia hypericoides MYC AM T B 5
Hibbertia racemosa MYC AM ES G 5
Fabaceae Acacia huegelii MYC, NF ECM/AM* T C 5
Acacia pulchella MYC, NF ECM/AM T D, F 10
Acacia saligna MYC, NF ECM/AM* EF A 5
Acacia stenoptera MYC, NF ECM/AM* ES-EF C 5
Bossiaea eriocarpa MYC, NF AM T C 5
Daviesia physodes CR, NF CR, NM ES, T, WF B,D,E 20
Jacksonia floribunda MYC, NF ECM/AM T A 5
Jacksonia furcellata MYC, NF ECM/AM* ES C 5
Viminaria juncea CR, MYC, NF AM EF A, E 10
Myrtaceae Beaufortia squarrosa MYC ECM/AM WF B 5
Calothamnus hirsutus MYC ECM/AM EF A 5
Calytrix aurea MYC AM EF G 5
Corymbia calophylla MYC ECM/AM EF A E 10
Hypocalymna suave MYC AM ES G 5
Kunzea micrantha subsp. micrantha MYC ECM/AM WF B 5
Melaleuca raphiophylla MYC ECM/AM* WF H 5
Melaleuca seriata MYC ECM/AM* WF H 5
Regelia ciliata MYC ECM/AM* ES G 5
Verticordia acerosa var. preissii MYC AM EF B 5
Verticordia pul) var. brachyphylla. MYC AM EF B 5
Proteaceae Adenanthos cygnorum CR, but not functional - T, T-ES, WS A, D 15
Banksia attenuata CR - T C 5
Banksia dallanneyi subsp. dallanneyi  CR - ES C 5
Banksia menziesii CR - T C E 10
Banksia telmatiaea CR - EF, WF A, C 10
Grevillea thelemanniana CR - EF AE 10
Hakea ceratophylla CR - WF C,F 10
Hakea sulcata CR - WF B 5
Hakea varia CR - WF C 5
Petrophile seminuda CR - WF C 5
Stirlingia latifolia CR, but not functional - T C 5
Synaphea_sp. Fairbridge CR - EF A 4
Xanthorrhoeaceae Xanthorrhoea preisii MYC AM EF A 5

1) CARN, carnivirous; CR, cluster root forming; MY C, mycorrhizal; NF, nitrogen fixing; SB, sand-binding root forming.

2) AM, arbuscular mycorrhizal; ECM, ectomycorrhizal; -, non-mycorrhizal. * estimated from other species in that genus.

3) EF, East Flat; ES, East Slope of dune; T, Top of dune; WF, West Flat; WS, West Slope of dune.

4) A, August 24,2018 (Wet season); B, October 5, 2018 (Dry season); C and D, March 26 and 27, 2019 (Dry season); E and F, August 7 and 14, 2019 (Wet season); G and H, December 12 and 16, 2019 (Dry season)
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Table 2 Comparison of mineral element concentrations of mature leaves of woody plant species, having
different nutrient acquisition strategies. Data represent means + SE. Different letters indicate significant
differences between families among herbaceous or woody species for same element. No letters indicate
non-significant differences.

(a) Major Elements

Properties Ca(mg g' DW) K (mg g' DW) Mg (mg_g' DW) N (mg ¢' DW) P (mg g' DW) S (mg g' DW)
Non-CR forming 933 + 0.48 576 = 028 b 254 = 0.11 b 894 £ 039 b 036l + 0.017 b 202 =012 b
CR forming 9.22 + 0.72 374 £ 013 a 1.81 + 007 a 630 £ 027 a 0262 + 0011 a 1.50 = 005 a
Non-Mycorrhizal 9.16 = 0.78 371 = 014 a 1.85 = 0.08 a 629 £ 029 a 0259 + 0.012 a 153 = 0.05 a
Mycorrhizal 9.37 + 0.44 562 =026 b 246 + 0.11 b 874 + 037 b 0355 + 0.016 b 195 + 0.11 b
Non-N, Fixing 9.63 + 0.60 4.67 + 0.21 2.13 = 0.08 586 £ 015 a 0290 + 0.010 a 1.64 + 0.07 a
N, Fixing 8.53 + 0.55 473 + 0.23 221 + 0.14 11.01 + 050 b 0345 + 0.023 b 197 £ 013 b

b) Minor Elements

Properties B(ug g' DW) Cu (ug g'DW) Fe (ug g' DW) Mn (ug g' DW) Mo (ug g' DW) Ni (ug g' DW) Zn (ug g' DW)
Non-CR forming 638 £39 b 530 £ 037 b 133.0 + 9.7 1105 £ 10.0 0.274 + 0.087 1.73 = 0.11 36.0 + 2.4
CR forming 425 +23 a 239 £ 011 a 113.4 + 8.8 118.8 + 12.7 0.326 + 0.089 1.64 = 0.15 30.1 = 2.9
Non-Mycorrhizal 443 £ 24 a 232 £ 012 a 116.0 + 9.4 1251 + 13.6 0.328 + 0.095 1.70 = 0.17 29.4 + 3.1
Mycorrhizal 603 £37 b 513 + 035 b 129.0 + 9.0 1052 + 9.4 0.276 + 0.081 1.67 = 0.11 362 + 23
Non-N, Fixing 52.0 £ 2.9 321 £ 024 a 117.2 + 82 113.6 + 11.2 0.229 + 0.073 1.63 = 0.12 295 £ 23 a
N, Fixing 53.7 £ 39 4.90 =038 b 133.9 £ 105 117.6 + 10.1 0.450 + 0.116 1.79 = 0.18 399 £33 b
¢) Non-essential Elements, higher concentration

Properties Al (mg g' DW) Ba(ug g' DW) Cr (ug g' DW) Li(ug g' DW) Na (mg_g' DW) Rb (ug ¢' DW) Sr(mg g' DW)
Non-CR forming 0.134 + 0.008 a 92 + 0.7 0.779 £ 0.057 0.776 + 0.066 b 142 £ 012 a 6.54 = 035 b 0.052 + 0.005
CR forming 0.197 + 0.016 b 123 + 2.4 0.958 + 0.106 0.632 + 0.032 a 3.69 + 021 b 453 £ 035 a 0.081 + 0.015
Non-Mycorrhizal 0.204 + 0.017 b 129 = 26 0.960 = 0.114 0.659 + 0.034 382 £ 022 b 4.63 =038 a 0084 + 0016 b
Mycorrhizal 0.132 + 0.008 a 9.0 + 0.6 0.792 + 0.054 0.739 + 0.062 148 = 0.11 _a 6.29 + 034 b 0.051 + 0.004 a
Non-N, Fixing 0.165 + 0.011 124 = 19 0.885 + 0.085 0.702 + 0.042 2.52 = 0.15 504 £ 033 a 0078 + 0.012 b
N, Fixing 0.172 + 0.018 7.7 08 0.850 + 0.075 0.695 + 0.066 2.83 = 031 6.38 + 038 b 0.044 + 0.005 a
(d) Non-essential Elements, lower concentration

Properties As (ug ¢' DW) Cd (g g' DW) Co (g g' DW) Cs (ug g' DW) Se (ug g' DW) V(ug ¢' DW)
Non-CR forming 0.118 + 0.012 0.010 + 0.001 0.172 £ 0.019 b 0.021 + 0.002 a 0.150 + 0.023 a 0.223 + 0.018
CR forming 0.092 + 0.007 0.016 + 0.002 0.111 + 0.009 a 0.029 + 0.002 b 0314 + 0.044 b 0224 + 0.027
Non-Mycorrhizal 0.096 + 0.007 0.016 + 0.003 b 0.115 + 0.010 a 0.029 + 0.002 b 0339 + 0.047 b 0236 = 0.029
Mycorrhizal 0.112 + 0.011 0.010 + 0001 a  0.164 + 0.017 b 0021 + 0002 a 0140 = 0.021 a 0210 = 0.017
Non-N, Fixing 0.085 + 0.005 a  0.013 = 0.002 0.123 £ 0.013 a 0.024 + 0.002 0.272 + 0.034 0.213 + 0.018
N, Fixing 0.143 + 0.017 b 0.014 = 0.002 0.174 £ 0.017 b 0.027 + 0.002 0.165 + 0.039 0.245 + 0.035
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