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Fig. S7 P tissue concentration in #g mg™ d.wt. in the metabolically active P; pool (a), the
lipid phosphate pool (b), the long-chained poly-P pool (c), the short-chained poly-P pool
(d), and the DNA-, RNA-, and protein-phosphate pool (e) of the roots. The controls and
the different fungal isolates are given according to their MGR from left (lowest) to right
(highest). The bars show means of n=4 and SEMs. Color code of the bars: high-
performance isolates (white), medium performance isolates (middle grey), low
performance isolates (light grey), all others and non-mycorrhizal controls (dark grey).
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5.9 SUPPLEMENTARY MATERIAL — TABLES

Table S1. Effect of the different AM fungal isolates on root, shoot, and total plant biomass, and mycorrhizal growth response (MGR). Isolates
that were distinguished based on their performance level (PL) as low performance (LP), medium performance (MP) or high performance (HP)
isolates are indicated. Data show the mean of n = 4 = S.E.M. Different letters indicate statistically significant differences according to one-way
ANOVA and LSD test (p < 0.05).

Fungal isolate PL Root biomass Shoot biomass in mg Total plant biomass Colonization in % Mycorrhizal growth
in mg in mg response in %
Controls 32419 £30.5 h 186. = 122 g 510.86 £ 28.06 g 14 £06 g 000 £ 549 g
Aca col CL356 LP 37835 £31.0 gh 213. £ 23.6 fgh 591.97 £ 5229 defg 341 +2.8 abc 15.88 £ 10.2 defg
Aca col GA101 383.29 £36.9 fgh 240. £ 21.2 efgh 623.61 = 50.85 defg 346 +3.7 abc  22.07 £ 9.95 defg
Acacol NB104C  HP 1134.16 £ 150. a 436. £ 513 bed 15705 £ 1859 a 278 £37 cd 20744 £ 364 a
Acaumor CR207 MP  574.06 % 154. efg 303. £ 63.8 defgh 87729 £ 218.5 cdef 37.0 +3.0 abc 71.73 £ 42.7 cdef
Acaumor EY106 MP  548.15 £ 128. efgh 352, £ 757 cdef 900.15 = 202.8 cdef 333 +2.2 abce 76.20 £ 39.7 cdef
Acau mor HP  853.29 £136. bcd 645. £ 172. a 1498.7 £ 2992 a 288 +13 ¢ 19339 £ 585 a
Acau scr BR 602 41399 £77.5 fgh 242. £ 33.8 efgh 656.09 = 109.5 cdefg 365 +2.5 abc  28.43 £ 21.4 cdefg
Acau scr CU130 LP 39559 £62.6 fgh 183. = 203 g 579.21 £ 6831 efg 36.8 +2.4 abce 13.38 £ 133 efg
Acau scr VA104 HP  959.57 £113. abc 488. £ 422 bc 14478 £ 1288 a 294 +37 ¢ 18341 £ 252 a
Amb lep CR312 MP  731.57 £204. cde 310. £ 58.9 defgh 10422 £ 263.0 bc 31,6  +£2.3 abc 104.02 £ 51.4 bc
Amb lep FL130A 396.35 £28.6 fgh 271. £ 19.5 efgh 668.13 = 44.51 cdefg 343 +3.6 abc 30.79 £ 8.71 cdefg
Amb lep JA401A 487.19 +£35.8 efgh 218. £ 16.0 fgh 705.87 £ 34.95 cdefg 326 +2.1 abce 38.17 £ 6.84 cdefg
Cla cla BR106 MP  597.89 +128. defg 301. £ 61.0 defgh 899.62 £ 189.1 cdef 420 +£57 a 76.10 £ 37.0 cdef
Cla cla DN987 405.58 £61.9 fgh 237. £ 22.8 efgh 643.25 £ 60.60 defg 359 +£3.1 abc 2592 £ 11.8 defg
Cla cla UT159A LP  375.06 £70.5 gh 195. £ 10.1 gh 570.14 £ 63.04 efg 326 +3.2 abce 11.60 £ 12.3 efg
Cla etu MG106 HP 93333 £96.0 abc 470. £ 51.5 be 1403.5 = 107.6 ab 306 +£25 be 17474 £ 21.0 ab
Cla etu MX116A 411.99 £37.2 fgh 279. £ 24.6 efgh 691.74 £ 59.86 cdefg 351 +3.2 abce 3541 £ 11.7 cdefg
Cla etu SP108C MP  652.34 £137. def 300. £ 72.4 defgh 953.24 = 208.8 cde 36.5 +5.2 abce 86.60 £ 40.8 cde
Fun mos CU114 51779 £90.1 efgh 244, £ 389 efgh 762.24 £+ 128.4 cdefg 326 +£1.6 abc  49.21 £ 25.1 cdefg
Fun mos HO102 381.67 £12.9 fgh 246. £ 404 efgh 62822 £ 36.29 defg 278 +1.2 «cd 2297 £ 7.10 defg
Fun mos NB114 HP 99398 £69.0 abc 526. £ 239 ab 1520.7 £ 88.06 a 30,7 +4.7 be 197.68 £ 172 a
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Gig mar JA201A 444.18 +43.8 fgh 257. £ 36.8 efgh 702.10 = 23.57 cdefg 169 +5.1 ef 37.44 £ 4.61 cdefg
Gig mar MR104 482.83 £70.3 efgh 299. £ 66.1 defgh 782.15 £ 134.0 cdefg 179 +£3.6 def  53.11 £ 26.2 cdefg
Gig mar WV205A MP  629.71 £ 172. defg  345. £ 56.0 cdefg 975.03 £ 2275 cd 95 +32 fg 90.86 £ 44.5 cd
Fungal isolate PL Root biomass Shoot biomass in mg Total plant biomass Colonization in % Mycorrhizal growth
in mg in mg response in %
Par occ CR102 LP 388.49 £26.6 fgh 177. £ 185 g 566.14 £ 40.29 efg 357 +4.2 abce 10.82 £ 7.89 efg
Par occ HA771 MP 596.55 £ 111. defg  380. £ 121. bcde 97743 £ 2294 cd 31,6 +1.9 abce 91.33 £ 449 cd
Par occ OR924 HP 1017.34 £ 146. ab 469. £ 134 bc 1487.0 £ 136.1 a 349 +£3.6 abc 191.09 £ 26.6 a
Rhi int KE103 455.37 £106. fgh 275. £ 63.0 efgh 730.42 £ 166.0 cdefg 409 +£1.8 ab 4298 £ 32.5 cdefg
Rhi int ON.pr.Te3 LP 367.76 £34.0 gh 216. £ 37.1 fgh 583.81 £ 49.10 efg 278 +1.2 abc 14.28 £ 9.61 efg
Rhi int TU101 621.34 £283. gh 351. £ 108. efgh 973.06 = 389.9 defg 364 +3.3 abc 90.48 £ 76.3 defg
Rhi irr QB000 LP 361.94 £36.0 gh 186. = 243 g 548.01 £ 55.05 fg 366 +3.3 cde 727 £ 10.7 fg
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Table S2. Colonization characteristics of the Medicago sativa roots. Shown is the d.wt. of the root nodules, the colonization of the roots with arbuscules, and
vesicles, the hyphal length in the soil and an estimate of the arbuscular volume in the colonized roots. The performance level (PL) is based on the MGR and
the isolates were distinguished into low performance (LP), medium performance (MP), and high performance (HP) fungi. Data are shown as mean of n =4 +
S.E.M. Different letters indicate statistically significant differences according to one way ANOVA and LSD test (p < 0.05).

Fungal isolate PL Nodule d.wt. Colonization with Colonization with Hyphal length Arbuscular volume
(mg) arbuscules (%) vesicles (%) (m g'1 soil) (mm?*)

Controls 6.23 £ 6.23 cd 0.00 = 0.00 e 0.00 = 0.00 efghi 1.84 =+ 046 f 0.00+0.00 f
Aca col CL356 LP 0.00 += 0.00 d 17.5 £ 3.77 cde 2475 + 591 abcd 413 £ 1.15 bed 6.20 £ 1.65 def
Aca col GA101 39.77 £ 27.98 ab 29.7 £ 598 abcd 23.50 = 6.29 abcd 325 £ 0.80 bedef 11.66=+3.45 bede
Aca col NB104C HP 1391 + 2.65 bcd 29.0 = 11.01 abed 1525 + 149 d 4.03 £ 0.54 bcde 17.25 £ 6.80 abcde
Acau mor CR207  MP 5.00 £ 2,12  cd 33.0 £ 10.26 abc 28.75 + 2.50 abc 4.08 £ 0.24 bcede 16.33 £5.98 abcde
Acaumor EY106  MP 28.18 + 25.81 abced 28.0 =+ 6.36 abcd 3250 + 4.66 ab 3.88 = 0.60 bcde 12.59 £4.10 bede
Acaumor FL219B HP 1432 £ 7.03  bcd 30.2 £ 4.13 abcd 2725 + 4.73 abc 2.65 £+ 0.42 cdef 15.97 £3.21 abcde
Acau scr BR 602 8.18 £ 8.18  bcd 347 £ 5.75 abc 33.00 £ 3.94 ab 245 £ 0.29 def 13.99 £ 3.75 abcde
Acau scr CU130 LP 6.59 £ 6.59 bcd 320 £ 7.15 abcd 29.75 + 3.99 abc 3.88 = 0.74 bcde 11.97 £2.97 bede
Acau scr VA104 HP 12.5 £ 480 bed 27.7 £ 6.57 abcd 25.00 = 4.20 abcd 4.15 £+ 1.06 be 14.86 £ 3.52 abcde
Amb lep CR312 MP 1.36 + 1.08 «cd 32,5 + 9.35 abc 24.00 + 3.87 abcd 393 + 0.77 bcde 17.85+6.31 abcd
Amb lep FL130A 75 £ 75 bed 32,5 £ 9.13 abc 28.50 += 2.60 abc 323 = 0.90 bcdef 13.49 £4.41 abcde
Amb lep JA401A 27.23 + 15.79 abcd 27.0 £ 829 Dbcd 20.75 + 2.78 cd 4.08 £ 0.57 bede 11.85+4.13 bede
Cla cla BR106 MP 11.82 + 11.52 bed 48.0 £ 555 a 3350 £+ 421 a 240 £ 0.17 ef 25.12+4.80 a
Cla cla DN987 227 £ 131 cd 347 £ 5.12 abc 21.50 = 1.50 «cd 428 £+ 0.56 be 14.16 £ 3.45 abcde
Clacla UT159A LP 1432 + 14.02 bcd 21.5 + 380 «cd 26.50 + 5.39 abc 3.80 £ 0.48 bcde 7.54 £1.84 def
Cla etu MG106 HP 10.23 £ 1.83  bcd 26.7 £ 581 bed 2450 = 6.02 abcd 398 + 0.61 bcde 14.15+£3.11 abcde
Cla etu MX116A 58.86 + 2540 a 247 + 6.21 bed 3400 £ 3.11 a 32 £ 0.32 bedef 9.46 +2.87 cdef
Cla etu SP108C MP 6.59 + 4.02 bcd 345 £ 7.73 abc 31.00 £ 5.02 abc 3.80 £ 0.84 bcde 17.29 £ 5.14 abcde
Fun mos CU114 841 £ 5.13 bcd 26.5 + 8.76 bced 3125 £ 2.50 abc 438 £+ 0.66 b 11.88 £4.74 bede
Fun mos HO102 522 £ 3.07 «cd 26.7 £ 5.66 bcd 2225 + 2.87 bcd 2.78 £ 0.39 bedef 9.87 £ 2.34 bedef
Fun mos NB114 HP 7.95 +£ 322 bed 292 + 9.67 abced 28.50 = 3.52 abc 443 £+ 046 b 17.19 £6.31 abcde
Gig mar JA201A 023 £023 d 23.0 =+ 835 «cd 0.00 £ 0.00 e 6.63 £ 043 a 9.55 £3.48 cdef
Gig mar MR104 18.64 + 11.95 bcd 23.7 + 10.80 bed 0.00 £ 0.00 e 373 £ 0.41 bcde 10.83 £ 5.23 bedef
Gig mar WV205A MP 11.59 + 5.84 bcd 11.2 £+ 496 de 0.00 £ 0.00 e 340 £ 0.66 bcde 5.20+£2.86 ef
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Fungal isolate PL Nodule d.wt. Colonization with Colonization with Hyphal length Arbuscular volume
arbuscules (%) vesicles (%) (m g soil) (mm?)
Par occ CR102 LP 16.59 + 16.59 bcd 377 = 11.36 abc 25.00 £ 6.20 abcd 3.60 + 0.49 bcde 16.13 + 5.48 abcde
Par occ HA771 MP 29.09 + 10.79 abcd 29.5 = 552 abed 225 £ 530 bed 420 £ 0.27 bc 13.85£4.11 abcde
Par occ OR924 HP 18.86 + 3.66 bcd 345 + 10.28 abc 3250 + 3.80 ab 3.70 £+ 0.38 bcde 21.32 £7.66 abc
Rhi int KE103 25.00 = 19.17 bed 355 = 7.73 abc 33.00 = 3.19 ab 3.13 + 0.38 bcdef 15.66 + 5.00 abcde
Rhi int ON.pr.Te3 LP 522 £ 522 cd 320 =+ 8.50 abced 2525 +£ 427 abcd 2.68 £ 0.73 cdef 12.37 +4.17 bede
Rhi int TU101 21.36 += 8.95 bced 442 £ 595 ab 20.75 £ 539 «cd 3.80 £ 0.71 bede 22.21+£7.31 ab
Rhi irr QB000 LP 3432 + 21.71 abc 322 + 8.00 abc 21.00 £ 1.68 «cd 295 £ 0.59 bedef 11.87+3.06 bede
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Table S3. Effect of different fungal isolates on P root and shoot contents and tissue concentrations. Isolates that were distinguished based on
their performance level (PL) as low performance (LP), medium performance (MP) or high performance (HP) isolates are indicated. Data show
the mean of n = 4 + S.E.M. Different letters indicate statistically significant differences according to one-way ANOVA and LSD test (p < 0.05).

Fungal isolate PL Root P concentration Root P content in mg Shoot P concentration Shoot P content in mg
in pg mg" d.wt. in pg mg™ d.wt.

Controls 407 £ 1.01 abc 1.28 £ 0.28 cde 1.88 £ 046 def 034 £ 0.08 f
Aca col CL356 LP 3.63 £ 1.53 abc 124 £ 0.42 cde 231 = 0.26 def 0.50 £ 0.09 def
Aca col GA101 4.07 £ 1.36 abc 142 £ 0.33 cde 531 £ 3.10 bc 1.10 £ 0.54 bed
Aca col NB104C HP 2.00 £ 0.36 ¢ 225 £ 0.49 abcde 1.76 £ 0.09 ef 0.77 £ 0.11 cdef
Acau mor CR207 MP 573 £ 123 a 274 £ 0.16 abcd 1.79 £ 0.21 ef 0.51 = 0.07 def
Acau mor EY106 MP 567 £ 222 a 280 £ 094 abc 1.79 £ 0.21 ef 0.66 = 0.21 def
Acau mor FL219B HP 441 £ 142 abc 328 £ 0.70 a 2.65 = 0.22 cdef 1.64 £ 0.41 ab
Acau scr BR 602 391 £ 0.57 abc 1.70 £ 0.48 abcde 232 £ 046 def 0.53 £ 0.07 def
Acau scr CU130 LP 498 £ 147 ab 223 £ 0.87 abcde 3.16 £ 0.91 bedef 0.55 £ 0.13 def
Acau scr VA104 HP 226 = 0.94 be 1.88 £ 0.53 abcde 1.78 £ 0.12 ef 0.86 £ 0.06 cdef
Amb lep CR312 MP 1.82 £ 0.14 ¢ 142 £ 0.49 cde 2.07 = 030 def 0.64 = 0.14 defg
Amb lep FL130A 3.68 £ 0.50 abc 145 £ 0.21 cde 2.62 = 0.52 cdef 0.71 £ 0.16 def
Amb lep JA401A 3.10 £ 0.31 abc 1.51 £ 0.17 bede 1.64 £+ 042 ef 0.35 £ 0.07 ef
Cla cla BR106 MP 3.54 £ 0.68 abc 1.92 £ 0.21 abcde 233 £ 0.48 def 0.66 £ 0.13 def
Cla cla DN987 4.89 £ 1.55 ab 2.16 £ 0.79 abcde 395 £ 1.00 bede 091 £ 0.22 cdef
Clacla UT159A LP 3.33 £ 0.94 abc 1.14 £ 0.31 de 894 £ 220 a 1.80 £ 0.48 a
Cla etu MG106 HP 201 £ 0.12 ¢ 1.86 £ 0.19 abcde 1.06 = 0.14 f 0.52 £ 0.12 def
Cla etu MX116A 1.83 £ 0.16 ¢ 0.74 £ 0.02 e 1.56 = 0.08 ef 1.56 £ 0.03 ef
Cla etu SP108C MP 198 £ 0.15 ¢ 1.24 £ 0.19 cde 1.80 £ 047 ef 048 = 0.11 def
Fun mos CU114 202 £ 035 ¢ 1.05 £ 024 e 126 £+ 0.14 ef 0.31 £ 0.06 f
Fun mos HO102 2.34 £ 0.07 be 0.89 £ 0.06 e 136 £ 0.26 ef 032 £ 0.06 f
Fun mos NB114 HP 291 £ 1.29 be 307 £ 1.53 ab 2.55 £ 0.53 cdef 1.36 £ 0.32 abc
Gig mar JA201A 390 £ 0.44 abc 1.78 £ 0.36 abcde 2.65 £ 0.56 cdef 0.73 £ 0.19 cdef
Gig mar MR104 293 £ 0.54 be 1.35 £ 0.19 cde 1.88 £ 0.40 def 0.52 £ 0.09 def
Gig mar WV205A MP 2.71 £ 0.80 bc 1.60 £ 0.45 bede 2.67 £ 091 bedef 0.90 £ 0.27 cdef
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Fungal isolate PL Root P concentration Root P content in mg Shoot P concentration Shoot P content in mg
in pg mg”" d.wt. in pg mg” d.wt.
Par occ CR102 LP 3.59 + 0.83 abc 1.38 =+ 0.34 cde 517 £ 1.59 be 0.87 = 0.21 cdef
Par occ HA771 MP 3.07 £ 0.46 abc 1.69 = 0.20 abcde 3.07 + 1.81 bedef 0.78 £ 031 cdef
Par occ OR924 HP 2.77 + 1.01 bc 3.11 £ 1.51 ab 2.06 + 0.22 def 097 £ 0.13 cde
Rhi int KE103 4.03 + 0.80 abc 2.00 =+ 0.80 abcde 474 + 2.06 bed .11 £ 042 bed
Rhi int LP 3.37 £ 0.78 abc 1.23 £ 0.26 cde 223 + 0.49 def 048 £ 0.11 def
Rhi int TU101 3.34 + 0.38 abc 1.15 £ 0.24 cde 1.87 = 0.34 def 043 £ 0.02 def
Rhi irr QB00O LP 3.79 £ 0.98 abc 1.32 + 0.32 cde 548 + 155 Db 1.12 + 0.48 bcd
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Table S4. Effect of different fungal isolates on N root and shoot contents and tissue concentrations. Isolates that were distinguished based on
their performance level (PL) as low performance (LP), medium performance (MP) or high performance (HP) isolates are indicated. Data show
the mean of n =4 = S.E.M. Different letters indicate statistically significant differences according to one-way ANOVA and LSD test (p < 0.05).

Fungal isolate PL Root N concentration Root N content in mg Shoot N concentration Shoot N content in mg
in pg mg" d.wt. in pg mg™ d.wt.
Controls 990 +0.60 jk 324 + 047 f 995 + 1.11 efghi 1.85 + 022 ef
Aca col CL356 LP 11.26 +1.31 ghijk 418 £+ 0.42 def 12.27 £ 2.66 efghi 241 £ 020 ef
Aca col GA101 11.85 +£1.46 ghijk 439 + 0.34 def 10.15 £+ 0.11 ghi 243 = 0.17 ef
Aca col NB104C HP 20.49 +£0.63 bcde 2326 £+ 289 a 3332 + 322 ab 1414 + 0.96 abc
Acau mor CR207 MP 17.00 +1.57 defg 1049 + 3.55 cdef 16.73 = 4.68 defghi 6.03 + 287 ef
Acau mor EY106 MP 19.21 +£3.58 bcedef 12.08 + 4.78 cde 1571 £ 6.39 efghi 6.96 = 4.02 def
Acau mor HP 23.28 +£2.81 abced 21.16 + 454 ab 27.63 £ 535 abcd 20.07 £ 570 a
Acau scr BR 602 730 £032 k 299 + 046 f 990 + 0.36 hi 239 +  0.29 ef
Acau scr CU130 LP 1091 +1.45 ghijk 458 + 1.13 def 945 + 1.02 hi 1.69 + 0.11 f
Acau scr VA104 HP 24.00 +£0.45 abc 2307 £ 240 a 29.63 + 1.02 abc 1461 + 1.63 abc
Amb lep CR312 MP 16.80 +3.53 defgh 1398 £ 495 be 20.56 =+ 5.64 cdefgh 724 £ 2.59 def
Amb lep FL130A 992 +0.40 ik 392 + 024 ef 9.99 + 0.76 hi 276 + 0.38 ef
Amb lep JA401A 10.73 +£1.13 ghijk 533 £+ 0.89 cdef 934 + 0.50 hi 2.04 £ 0.17 ef
Cla cla BR106 MP 13.65 +£4.06 efghijk 9.85 + 4.84 cdef 15.66 + 4.55 efghi 565 = 272 ef
Cla cla DN987 11.38 +£1.04 ghijk 4.64 + 0.85 def 994 + 0.28 hi 235 + 0.18 ef
Clacla UT159A LP 11.84 +1.42 ghijk 413 = 0.39 def 11.52 £ 1.65 efghi 225 + 035 ef
Cla etu MG106 HP 2791 £1.56 a 26.05 £ 255 a 2898 =+ 2.16 abc 13.31 £ 0.72 bed
Cla etu MX116A 11.25 £1.90 ghijk 455 + 0.74 def 1424 £ 490 efghi 4.03 £ 147 ef
Cla etu SP108C MP 17.43 +3.44 cdefg 1293 £+ 4.43 bcd 21.80 £ 6.01 bcedefg 8.04 = 3.37 cdef
Fun mos CU114 11.94 +£2.64 ghijk 6.95 £ 2.63 cdef 11.42 £+ 0.68 efghi 278 + 042 ef
Fun mos HO102 10.00 +0.48 hijk 383 + 028 ef 731 + 192 i 1.83 £ 049 ef
Fun mos NB114 HP 25.85 +£4.07 ab 2652 + 563 a 3415 + 212 a 18.00 + 139 ab
Gig mar JA201A 13.93 +£2.02 efghijk 636 = 1.14 cdef 1550 + 435 efghi 429 £+ 1.57 ef
Gig mar MR104 11.96 +£2.67 ghijk 641 + 235 cdef 19.75 £ 5.02 cdefgh 7.05 + 3.16 def
Gig mar MP 16.45 +3.23 defghi 11.04 + 3.79 cdef 2290 + 7.15 abcde 828 + 290 cde
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Fungal isolate PL Root N concentration Root N content in mg Shoot N concentration Shoot N content in mg
in ug mg”' d.wt. in ug mg”' d.wt.
Par occ CR102 LP 12.86 +0.84 fghijk 492 + 0.12 def 11.46 £ 0.79 efghi 2.06 = 0.30 ef
Par occ HA771 MP 15.18 £2.69 efghij 10.05 + 3.00 cdef 17.88 £ 3.60 cdefghi 821 + 3.38 cdef
Par occ OR924 HP 2327 +£149 abcd 2350 £ 313 a 33.09 £ 150 ab 1554 £ 0.76 ab
Rhi int KE103 1528 +£2.50 efghij 7.71 £ 2797 cdef 15.67 £ 4.22 efghi 523 £ 255 ef
Rhi int ON.pr.Te3 LP 1420 £1.16 efghij 531 £ 0.77 cdef 1037 + 2.00 fghi 247 + 087 ef
Rhi int TU101 18.06 +5.88 ghijk 500 £ 225 def 1134 £ 1.13 bedef 392 £  0.69 ef
Rhi irr QB000 LP 11.06 +£0.98 ghijk 396 £ 041 def 11.01 =+ 0.57 fghi 2.05 = 025 ef
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Effect of different fungal isolates on N root and shoot contents and tissue

concentrations. Isolates that were distinguished based on their performance level (PL) as low performance (LP), medium performance (MP) or
high performance (HP) isolates are indicated. Data show the mean of n = 4 = S_.E.M. Different letters indicate statistically significant differences
according to one way ANOVA and LSD test (p < 0.05).

Fungal isolate PL Inorganic phosphate  Lipid-phosphate in %  Long-chained poly-P in  Short-chained poly-P DNA-, RNA-, and
in % % in % protein-phosphate in %
Controls 9.06 = 1.85 defgh 21.52 £ 1.30 bcde 5,66 = 1.39 bed 230 £ 051 ef 61.45 = 2.60 abcde
Acacol CL356 LP 12.88 + 4.60 cdef 1847 + 2.17 cde 6.51 + 1.86 bcd + 487 ab 52.83 + 8.05 bcdefg
Aca col GA101 870 £ 2.34 defgh 2127 £+ 2.44 bede 508 £ 1.53 bed 6.56 = 1.87 bed 5839 + 4.61 abcdef
Aca col NB104C HP 457 £ 1.11 h 17.56 + 0.72 de 6.02 + 1.74 bced 1.64 = 0.51 ef 7021 £ 2.87 a
Acau mor CR207 MP 9.59 + 143 defgh 2749 + 6.61 abcde 482 + 1.16 bed 346 + 091 cdef 54.64 + 8.71 abcdef
Acaumor EY106 MP 939 + 2.10 defgh 25.15 + 3.06 abcde 8.09 + 1.81 abed 3.13 £ 0.71 def 54.23 + 6.71 abcdef
Acau mor HP 16.07 + 2.21 cdef 2324 + 4.72 bede 7.73 + 0.59 a 4.60 + 198 cdef 4836 + 7.17 cdefg
Acau scr BR 602 13.89 + 4.72 cdef 2894 + 9.04 abc 6.02 + 0.65 bced 6.61 + 3.83 bcd 44.53 + 10.5 fg
Acau scr CU130 LP 9.22 £ 3.67 defgh 1838 £ 240 cde 737 £ 1.34 abced 837 £ 3.83 abc  56.66 = 4.87 abcdef
Acau scr VA104 HP 6.47 + 0.84 efgh 2836 + 4.15 abcd 593 + 1.00 bed 149 = 0.39 ef 5775 + 5.60 abcdef
Amb lep CR312 MP 412 + 092 h 20.76 £+ 3.64 bcede 9.75 + 4.5 ab 257 £+ 1.04 ef 62.80 + 7.63 abcd
Amb lep FL130A 12.77 + 298 cdefg 21.47 £ 291 bede 7.12 + 2.82 abcd 640 + 2.77 bed 5223 + 5.78 bcdefg
Amb lep JA401A 13.82 + 3.60 cdef 22.06 + 2.34 bcde 348 £+ 0.54 cd 3.8 £ 0.52 cdef 56.80 + 6.40 abcdef
Cla cla BR106 MP 10.22 + 3.17 defgh 19.74 + 2.77 bcde 416 + 1.30 cd 562 £ 199 bed 60.26 + 7.29 abcdef
Cla cla DN987 15.15 £ 1.76 bcd 2324 + 4.66 bcde 512 £+ 1.49 bed 881 = 2.15 abc 47.69 £+ 5.06 cdefg
ClaclaUT159A LP 22.17 £ 450 ab 22.18 = 4.16 bcde 645 =+ 1.72 bed 438 + 2.15 bed 4482 + 743 efg
Claetu MG106  HP 3.82 + 0.80 h 2537 + 422 abede 8.52 + 1.88 abc 208 + 071 ef 60.23 + 4.91 abcdef
Cla etu MX116A 8.64 + 228 defgh 3459 + 592 a 7.78 + 1.83 abcd 590 + 1.26 bed 43.09 + 524 fg
Claetu SP108C  MP 493 + 1.04 gh 22,65 £ 226 bede 7.17 + 0.94 abcd 292 +  0.67 ef 62.34 + 4 abcd
Fun mos CU114 10.10 £ 1.62 defgh 2381 + 4.08 abcde 7.40 £ 1.30 abced 387 = 0.88 cdef 54.82 + 5.83 abcdef
Fun mos HO102 10.27 + 0.80 defgh 27.80 + 3.84 abcde 6.39 + 1.37 bced 415 + 0.74 bed 51.39 £ 5.44 bedefg
Fun mos NB114 HP 477 £ 0.78 h 29.89 + 3.58 ab 7.63 + 2.17 abcd 1.65 = 0.53 ef + 3.95 abcdef
Gig mar JA201A 6.22 £ 1.63 fgh 18.30 £ 3.12 cde 6.56 =+ 2.08 bced 570 £ 2.57 bed 63.23 + 5.61 abed
Gig mar MR104 7.55 £ 3.72 defgh 2237 + 3.41 bcede 747 + 241 abcd 416 + 1.15 bed 58.45 + 7.50 abcdef
Gig mar MP 935 £ 245 defgh 1726 + 349 ¢ 6.76 + 2.53 bcd 2.65 + 038 ef 63.98 + 4.30 abc
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Fungal isolate PL Inorganic phosphate Lipid-phosphate in %  Long-chained poly-P in  Short-chained poly-P DNA-, RNA-, and
in % % in % protein-phosphate in %
Par occ CR102  LP 1090 = 5.86 defgh 17.53 £ 2.76 de 432 £ 0.24 bcd 356 £ 0.33 cdef + 8.20 abc
Par occ HA771  MP 851 + 2.88 defgh 1920 + 2.09 bcde 7.87 £ 197 abcd 238 £ 1.03 ef 62.04 + 7.05 abcde
Par occ OR924  HP 431 + 1.00 h 16.60 = 084 ¢ 7.07 £ 2.08 abcd 374 £ 095 cdef 6828 + 2.60 ab
Rhi int KE103 10.92 + 3.19 defgh 25.84 + 6.96 abcde 5.02 £+ 1.66 bed 248 £+  0.58 ef 55.74 + 9.37 abcdef
Rhi int LP 1423 + 0.84 cde 25.06 £ 251 abcde 294 £ 097 d 1.08 + 021 f 56.70 = 2.97 abcdef
Rhi int TU101 2400 + 357 a 1638 £ 0.64 ¢ 6.83 + 0.96 abcd 1346 + 3.88 a 3933 + 2112 ¢
Rhi irr QB000 LP 19.97 + 3.45 abc 21.60 £+ 5.85 bcde 574 + 1.23 bed 6.58 + 3.42 bed 46.11 + 6.93 defg
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Table S6. P allocation in different P pools in ug per mg™ d.wt. (tissue concentrations). Isolates that were distinguished based on their
performance level (PL) as low performance (LP), medium performance (MP) or high performance (HP) isolates are indicated. Data show the
mean of n = 4 + S.E.M. Different letters indicate statistically significant differences according to one-way ANOVA and LSD test (p < 0.05).

Fungal isolate PL Inorganic phosphate Lipid-phosphate Long-chained poly-P  Short-chained poly-P in  DNA, RNA, Prot.-P
in pg mg” d.wt. in pg mg” d.wt. in pg mg” d.wt. pngmg’ d.wt. in pg mg” d.wt.
Controls 1.69 = 0.36 efghi 4.00 = 0.39 abcd 1.04 £ 023 abc 041 = 0.08 fgh 11.26 + 0.44 ab
Aca col CL356 LP 241 + 0.70 defg 370 + 0.40 abcd 128 + 033 abc 1.80 + 0.85 ab 11.04 + 2.45 ab
Aca col GA101 1.50 + 0.29 efghi 449 + 1.21 abc 0.85 + 0.25 be 1.12 £ 0.26 abcdef 12.29 + 3.56 ab
Acacol NB104C  HP 0.63 £ 0.12 hi 278 + 0.83 cd 076 =+ 0.15 bc 024 + 0.08 gh 11.33 =+ 3.80 ab
Acau mor CR207 MP 1.77 + 0.36 defghi 4.57 + 1.18 abc 0.88 =+ 0.19 bc 0.64 £ 0.18 defgh 11.04 + 398 ab
Acaumor EY106 ~ MP 1.52 + 0.39 efghi 4.11 + 0.79 abced 137 + 040 abc 0.57 + 0.18 efgh 920 + 2.55 ab
Acaumor FL219B HP 2.19 + 0.44 defgh 3.81 + 0.23 abcd 193 + 0.67 a 0.67 + 0.40 defgh 8.60 =+ 1.67 ab
Acau scr BR 602 294 + 1.34 cde 562 + 2.08 a 1.15 + 023 abe 129 + 0.71 abedef 8.93 + 2.84 ab
Acau scr CU130 LP 1.86 + 0.64 defghi 4.19 + 0.83 abcd 1.68 + 0.44 ab 1.67 + 0.71 abc 12.87 + 2.05 ab
Acau scr VA104 HP 0.95 £ 0.12 ghi 419 £ 0.60 abcd 0.83 £+ 0.11 bc 020 = 0.04 h 881 £ 1.75 ab
Amb lep CR312 MP 0.62 + 0.09 hi 320 £ 0.45 bed 124 + 041 abc 052 £ 0.28 efgh 11.18 £ 2.99 ab
Amb lep FL130A 2.79 + 0.96 def 426 + 0.40 abcd 124 £+ 026 abc 1.19 = 047 abcdef 1148 =+ 290 ab
Amb lep JA401A 2.00 + 047 defghi 3.42 + 0.62 abcd 055 + 0.12 ¢ 0.57 + 0.05 efgh 897 £ 1.85 ab
Cla cla BR106 MP 221 £ 0.87 defgh 3.89 £ 0.68 abcd 0.83 + 0.24 bc 1.03 + 0.27 abcdef 12.84 + 3.76 ab
Cla cla DN987 336 £ 0.31 bed 531 £ 1.15 ab 1.16 + 039 abc 191 + 041 a 11.08 £ 1.91 ab
Clacla UT159A LP 483 + 0.77 ab 481 = 0.52 abc 1.51 + 0.53 ab 0.84 + 034 bedefg 10.71 + 2.76 ab
Cla etu MG106 HP 0.60 £ 0.17 hi 3.68 £ 0.24 abced 123 + 026 abc 030 £ 0.09 gh 931 £ 148 ab
Cla etu MX116A 1.44 £ 0.43 efghi 571 £ 120 a 125 + 030 abc 098 + 0.23 abedef 6.83 + 047 b
Cla etu SP108C MP 1.03 £ 0.25 ghi 4.69 + 0.73 abc 149 + 029 ab 0.62 + 0.19 defgh 1249 + 0.63 ab
Fun mos CU114 1.89 + 0.22 defghi 4.46 + 0.58 abc 140 + 0.19 abec 0.72 + 0.13 cdefgh 10.84 + 2.17 ab
Fun mos HO102 2.13 + 0.28 defghi 5.72 + 0.76 a 131 + 032 abec 081 + 0.08 cdefgh 11.77 + 3.61 ab
Fun mos NB114 HP 0.58 £ 0.14 hi 398 £+ 1.43 abced 0.78 £+ 0.21 bc 0.18 + 0.07 h 818 £ 3.11 b
Gig mar JA201A 1.26 £ 0.29 fghi 372 + 0.57 abcd 133 + 046 abc 1.18 £ 0.48 abcdef 13.53 + 2.30 ab
Gig mar MR104 1.23 + 0.52 fghi 390 + 0.51 abced 129 + 037 abec 0.72 + 0.17 cdefgh 10.56 + 1.85 ab
Gig mar WV205A MP 1.92 + 0.67 defghi 3.08 + 0.66 bed 1.18 + 045 abc 046 + 0.05 fgh 11.93 £ 2.31 ab
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Fungal isolate PL Inorganic phosphate Lipid-phosphate Long-chained poly-P  Short-chained poly-P in  DNA, RNA, Prot.-P
in pg mg” d.wt. in pg mg” d.wt. in pg mg” d.wt. pngmg’ d.wt. in pg mg” d.wt.
Par occ CR102 LP 2.19 + 1.01 defgh 4.18 + 1.00 abcd 1.03 £ 022 abc 080 = 0.11 cdefgh 1528 £ 390 a
Par occ HA771 MP 1.51 + 0.54 efghi 344 + 0.34 abcd 139 £ 033 abc 042 £ 0.20 fgh 11.68 £ 2.29 ab
Par occ OR924 HP 0.49 + 0.09 i 200 £ 027 d 0.81 £ 0.21 be 047 £ 0.13 fgh 816 £+ 091 b
Rhi int KE103 1.64 £ 0.27 efghi 396 £+ 0.73 abced 077 £ 0.25 be 041 =+ 0.09 fgh 10.06 £+ 3.06 ab
Rhi int ON.pr.Te3 LP 2.19 £ 024 defgh 3.78 £+ 0.22 abcd 052 £+ 0.18 ¢ 021 £+ 0.02 h 876 £+ 093 ab
Rhi int TU101 519 £ 2.03 a 485 + 0.77 abed 1.71 + 0.48 ab 1.62 £ 1.12 abced 10.26 = 8.64 ab
Rhi irr QB000 LP 4.49 + 0.56 be 494 + 1.05 abc 141 £ 039 abc 146 = 0.65 abcde 11.48 = 291 ab
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Table S7. P allocation in different P pools in mg per root (contents). Isolates that were distinguished based on their performance level (PL) as
low performance (LP), medium performance (MP) or high performance (HP) isolates are indicated. Data show the mean of n = 4 + S.E.M.
Different letters indicate statistically significant differences according to one-way ANOVA and LSD test (p < 0.05).

Fungal isolate PL Inorganic phosphate Lipid-phosphate in mg  Long-chained poly-P  Short-chained poly-P DNA-, RNA-, protein-
in mg in mg in mg phosphate in mg
Controls 054 £ 0.13 fg 126 £ 010 g 035 £ 0.09 d 0.14 = 0.04 fg 3.60 + 0.26 fgh
Aca col CL356 LP 0.87 £ 0.20 defg 137 = 0.13 fg 045 = 0.11 d 0.75 + 0.39 abcd 423 £+ 1.03 defgh
Aca col GA101 0.60 £ 0.16 fg 1.83 £ 0.57 defg 032 £ 0.10 d 044 £+ 0.13 bedefg 493 £ 1.64 bcedefg
AcacolNB104C  HP 0.69 £ 0.13 efg 277 £ 034 abcde 088 £ 0.23 cd 025 = 0.07 efg 11.16 £ 1.63 a
Acau mor CR207  MP 0.85 £ 0.05 efg 235 £ 0.54 bedefg 042 + 061 d 029 = 0.03 efg 5.75 + 2.03 bcdefg
Acau mor EY106 ~ MP 0.75 £ 0.16 efg 2.03 £ 0.34 defg 067 £ 0.19 cd 026 = 0.08 efg 430 £ 0.48 defgh
Acau mor FL219B  HP 1.80 £ 0.45 abc 333 £ 0.65 abc 194 £ 095 b 042 £ 0.17 bedefg 6.83 = 1.28 bcdef
Acau scr BR 602 1.05 £ 034 cdefg 2.09 =+ 0.58 cdefg 046 + 0.07 cd 0.56 = 0.36 bcde 341 + 0.83 fgh
Acau scr CU130 LP 0.85 £ 0.36 efg 1.55 £ 0.23 efg 0.60 £ 0.05 cd 0.79 £ 0.38 abc 4.72 £ 0.33 bedefg
Acau scr VA104 HP 0.89 £ 0.08 defg 391 £ 0.50 a 0.84 £ 0.19 cd 020 = 0.06 efg 8.67 £ 2.18 ab
Amb lep CR312 MP 040 £ 0.05 g 213 £ 039 cdefg 089 £+ 035 cd 034 + 0.16 cdefgg 826 + 3.47 abcd
Amb lep FL130A 1.17 £ 049 cdef 1.71 £+ 0.25 defg 048 = 0.12 cd 044 £+ 0.15 bedefg 457 £ 1.21 cdefgh
Amb lep JA401A 1.00 £ 0.27 defg 1.67 =+ 0.32 efg 027 £ 0.06 d 028 = 0.05 efg 427 £ 0.72 defgh
Cla cla BR106 MP 1.25 £ 0.50 bedef 2.23 = 045 bedefg 056 £ 022 cd 0.52 = 0.11 bedef 7.85 + 2.68 abcde
Cla cla DN987 140 + 0.27 abed 197 + 0.32 defg 051 £ 0.17 cd 0.84 £ 0.23 ab 428 £ 0.76 defgh
Cla cla UT159A LP 1.96 £ 0.65 ab 1.70 £ 0.20 defg 0.60 £ 0.24 cd 027 £ 0.07 efg 4.15 £ 1.19 efgh
Cla etu MG106 HP 054 £ 0.13 fg 345 £ 045 ab 124 = 038 bc 029 = 0.10 efg 836 = 0.88 abc
Cla etu MX116A 059 £ 0.20 fg 241 £ 0.62 bedef 051 £ 0.11 cd 039 = 0.08 cdefg 277 £ 0.19 gh
Cla etu SP108C MP 0.62 £ 0.17 efg 294 £ 0.73 abcd 093 £ 0.23 cd 035 = 0.06 cdefg 791 £ 1.34 abcde
Fun mos CU114 099 £ 0.20 defg 234 + 0.58 bedefg 0.78 £ 0.26 cd 0.38 = 0.11 cdefg 540 + 0.96 bcdefg
Fun mos HO102 0.81 £ 0.09 efg 215 £ 023 cdefg 049 £ 0.12 cd 0.31 = 0.03 defg 4.42 + 1.26 cdefgh
Fun mos NB114 HP 0.58 £ 0.15 fg 388 £ 133 a 082 £ 0.27 cd 0.18 = 0.07 efg 8.07 £ 2.99 abcde
Gig mar JA201A 059 £ 0.19 fg 1.65 = 030 efg 0.60 = 023 cd 0.59 + 0.28 bcde 598 + 1.07 bcdefg
Gig mar MR104 0.55 £ 0.20 fg 1.79 £ 0.12 defg 068 £ 0.30 cd 031 = 0.05 defg 5.11 + 1.08 bcdefg
Gig mar WV205A MP 096 £ 0.29 defg 1.69 = 0.21 defg 070 £ 0.22 cd 028 = 0.06 efg 6.89 = 1.35 bcdef
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Fungal isolate PL Inorganic phosphate Lipid-phosphate in mg  Long-chained poly-P  Short-chained poly-P DNA-, RNA-, protein-

in mg in mg in mg phosphate in mg
Par occ CR102 LP 091 £ 046 defg 1.69 £ 0.45 defg 041 £ 0.10 d 031 £ 0.05 defg 6.00 £ 1.65 bcdefg
Par occ HA771 MP 0.76 * 0.14 efg 1.94 = 0.21 defg 0.77 £ 0.20 cd 021 £ 0.06 efg 6.88 * 1.77 bedef
Par occ OR924 HP 0.52 £ 0.14 fg 1.93 £ 0.19 defg 0.84 £ 0.29 cd 044 = 0.13 bedefg 7.99 £ 0.83 abcde
Rhi int KE103 0.68 £ 0.10 efg 1.58 £ 0.14 efg 037 £ 0.18 d 0.19 £ 0.08 efg 426 £ 1.29 defgh
Rhi int ON.pr.Te3 LP 0.80 = 0.11 efg 1.39 £ 0.18 fg 0.16 = 0.06 d 0.06 = 0.02 g 3.25 £ 0.49 fgh
Rhi int TU101 210 £ 0.55 a 1.40 = 0.15 fg 045 £ 0.13 cd 086 £ 0.30 a 3.39 £ 0.43 fgh
Rhi irr QB000 LP 1.64 £ 0.26 abcd 1.78 = 0.46 defg 047 £ 0.10 a 0.53 = 0.27 bcdefg 3.84 £ 0.65 h
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Table S8. Results of the statistical tests (effect on biomass and P contents and tissue
concentrations) and the linear regression analysis (LRA). The LSD tests in the table
describe tests in which the isolates were grouped and compared according to their
performance levels. Isolates were only grouped when the tests with the individual isolates
suggested that there were significant differences between the different performance levels
but not within one performance level. All tests were conducted with the statistical
program UNISTAT 6. Shown are here only the statistically significant results (all other
results p > 0.05).

No. Comparison Test Output p

1 Total plant biomass: All treatments ANOVA F3199=4.785 p <0.0001

2 Total plant biomass: Isolates of A. ANOVA Fi26=4.512 p <0.0433
morrowiae and R. intraradices/irregulare

3 Total plant biomass: Performance groups ANOVA F,73=41.303 p<0.0001

4 Total plant biomass: High performance and  LSD p <0.0001
controls

5 Total plant biomass: High performance and  LSD p <0.0001
low performance

6 Total plant biomass: High performance and  LSD p <0.0001
medium performance

7 Total plant biomass: Medium performance LSD p=0.0001
and low performance

8 Root biomass and root P content (LRA) Fi30=18.554 *=0.382 p =10.0002

9 Shoot biomass and shoot P content (LRA) Fi30=4.384 =0.127 p =0.045

10  Root P content: All isolates ANCOVA F307=1.926 p <0.0077

11 Root P content: All isolates with ANCOVA F473=4.136 p =0.0043
performance levels

12 Root P content: High performance and LSD p=0.019
controls

13 Root P content: High performance and low LSD p=10.0021
performance

14 Root biomass and root P tissue concentration F;30=5.596 r’=0.157 p =10.0247
(LRA)

15  Shoot biomass and shoot P tissue Fi3=4.053 r’=0.119 p=0.0531
concentration (LRA)

16  Shoot P content: All treatments ANCOVA F3297=3.001 p <0.0001

17  Shoot P content: High performance and LSD p =0.0045
controls

18  Shoot P content: High performance and LSD p=0.0186
medium performance

19 Shoot P content: Low performance and LSD p=0.0214
controls

20  Shoot P tissue concentration: All treatments ANCOVA F307=2.725 p <0.0001

21  Shoot P tissue concentration: Low LSD p=10.0039
performance and controls

22 Shoot P tissue concentration: Low LSD p=0.0001
performance and medium performance

23 Shoot P tissue concentration: Low LSD p <0.0001

performance and high performance
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Table S9. Results of the statistical tests (N contents and N tissue concentrations) and the linear
regression analysis (LRA). The LSD tests in the table describe tests in which the isolates were grouped and
compared according to their performance levels. Isolates were only grouped when the tests with the
individual isolates suggested that there were significant differences between the different performance
levels but not within one performance level. All tests were conducted with the statistical program

UNISTAT 6. Shown are here only the statistically significant results (all other results p > 0.05).

No. Comparison Test Output p

1 Root biomass and root N content (LRA) Fi30=75633 1*=0.9494 p <0.0001
Root biomass and root N tissue concentration Fi3=114.0 r*=0.7917 p <0.0001
(LRA)

3 Shoot biomass and shoot N content (LRA) Fi30=584.7 r* =0.9511 p <0.0001

4 Shoot biomass and N tissue concentration Fi3=108.5 r*=0.7833 p <0.0001
(LRA)

5 Root N content: All treatments ANCOVA F3207=35.936 p <0.0001

6 Root N content: All isolates with performance =~ ANCOVA F473=161.688 p <0.0001
levels

7 Root N content: High performance and LSD p <0.0001
controls

8 Root N content: High performance and LSD p <0.0001
medium performance

9 Root N content: High performance and low LSD p <0.0001
performance

10 Root N content: Medium performance and LSD p =0.0045
controls

11 Root N content: Medium performance and low LSD p =0.0003
performance

12  Root N tissue concentration: All treatments ANCOVA F3297=7.957 p <0.0001

13  Root N concentration: All isolates with ANCOVA F473=32.846 p <0.0001
performance levels

14 Root N concentration: High performance and LSD p <0.0001
controls

15  Root N concentration: High performance and LSD p <0.0001
medium performance

16  Root N concentration: High performance and LSD p <0.0001
low performance

17  Root N concentration: Medium performance LSD p=10.0027
and controls

18  Root N concentration: Medium performance LSD p=10.002
and low performance

19  Shoot N content: All treatments ANCOVA F3207=27.792 p <0.0001

20  Shoot N content: All isolates with performance ANCOVA Fs0,=174.317 p<0.0001
levels

21 Shoot N content: High performance and LSD p <0.0001
controls

22 Shoot N content: High performance and LSD p <0.0001
medium performance

23 Shoot N content: High performance and low LSD p <0.0001
performance

24 Shoot N content: Medium performance and LSD p=0.012

controls
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25  Shoot N content: Medium performance and LSD p =0.0004
low performance

26 Shoot N tissue concentration: All treatments ANCOVA F3597=6.825 p <0.0001

27 Shoot N concentration: All isolates with ANCOVA F478=33.227 p <0.0001
performance levels

28  Shoot N concentration: High performance and LSD p <0.0001
controls

29  Shoot N concentration: High performance and LSD p <0.0001
medium performance

30  Shoot N concentration: High performance and low  LSD p <0.0001
performance

31 Shoot N concentration: Medium performance and LSD p=0.010
controls

32 Shoot N concentration: Medium performance and LSD p =0.0007

low performance
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Table S10. Results of the linear regression analysis (LRA) between colonization of the
plants with mycorrhizal fungi or with root nodules and plant growth or nutrient

parameters. All tests were conducted with the statistical program UNISTAT 6.

No. Comparison Test Output p

1 Total arbuscular volume and total plant Fi29=5.32  =0.1551 p=0.0283
biomass (LRA)

2 Root nodulation (d. wt.) and shoot N content Fi30=0.025 1’ =-0.0324 p=0.8754
(LRA)

3 Root nodulation (d. wt.) and shoot N Fi30=0.198 1’ = -0.0266 p=10.6599
concentration (LRA)

4 Root nodulation (d. wt.) and root N Fi30=0.065 r*=-0.0311 p=0.7999
concentration (LRA)

5 Root nodulation (d. wt.) and root N content Fi3=0314 r*=-0.0226 p=0.5792
(LRA)

6 Root nodulation (d. wt.) and root biomass Fi30=0.285 r’ =-0.0236 p=10.5977
(LRA)

7 Root nodulation and shoot biomass (LRA) Fi3=0.001 r*=-0.0332 p=0.9731

8 Root nodulation and total biomass (LRA) F130=0.726  =-0.0291 p=0.7264
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Table S11. Results of the statistical tests (P pool distribution). The LSD tests in the table
describe tests in which the isolates were grouped and compared according to their performance
levels. Isolates were only grouped when the tests with the individual isolates suggested that there
were significant differences between the different performance levels but not within one
performance level. All tests were conducted with the statistical program UNISTAT 6. Shown are
here only the statistically significant results (all other results p > 0.05).

No. Comparison Test Output p

| Correlation between root biomass and LP Pearson rao=0.7303  p <0.0001

2 Correlation between root biomass and DNA-  Pearson rae) = 0.8570  p <0.0001
P

3 Percentage P; allocation: All isolates ANCOVA F3297=2.830 p <0.0001

4 Percentage P;: Low performance and high LSD p <0.0001
performance

5 Percentage P;: Low performance and LSD p=0.0001
medium performance

6 Percentage P;: Low performance and LSD p=0.026
controls

7 Correlation root biomass and P; tissue Pearson ra2 =-0.4401 p=0.0117
concentration

8 P; tissue concentration: All treatments ANCOVA F307=4.304 p <0.0001

9 P; tissue concentration: Low performance LSD p <0.0001
and high performance

10 Pjtissue concentration: Low performance LSD p <0.0001
and medium performance

11 Pjtissue concentration: Low performance LSD p=0.014
and controls

12 P, content: All treatments ANCOVA F397=2.544 p = 0.0002

13 P; content: Low performance and medium LSD p=0.036
performance

14 P; content: Low performance and controls LSD p=0.023

15  Long-chained poly-P content: All treatments ANCOVA F3207=6.777 p <0.0001

16  Long-chained poly-P content: High LSD p=0.0037
performance and controls

17  Long-chained poly-P content: High LSD p =10.0002
performance and low performance

18  Long-chained poly-P content: High LSD p=0.019
performance and medium performance

19  Correlation root biomass and short-chained =~ Pearson 13y =-0.543 p=0.0013
poly-P tissue concentration

20  Short-chained tissue concentration: All ANCOVA F3,97=2.866 p <0.0001
treatments

21  Short-chained poly-P tissue concentration: LSD p=0.018
Low performance and controls

22 Short-chained poly-P tissue concentration: LSD p=0.008
Low performance and medium performance

23 Short-chained poly-P tissue concentration: LSD p=0.0001
Low performance and high performance

24 Correlation root biomass and long-chained to Pearson 130 = 0.6950  p <0.0001

short-chained poly—P ratio
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6.1 ABSTRACT

Arbuscular mycorrhizal (AM) fungi form mutualistic interactions with the majority
of land plants, including some of the most important crop species. The fungus takes up
nutrients from the soil, and transfers these nutrients to the mycorrhizal interface in the
root, where these nutrients are exchanged against carbon from the host. AM fungi form
extensive hyphal networks in the soil and connect with their network multiple host plants.
These common mycorrhizal networks (CMNs) play a critical role in the long-distance
transport of nutrients through soil ecosystems and allow the exchange of signals between
the interconnected plants. CMNs affect the survival, fitness, and competitiveness of the
fungal and plant species that interact via these networks, but how the resource transport
within these CMNs is controlled is largely unknown. We discuss the significance of
CMNs for changes in plant communities and for the bargaining power of the fungal

partner in the AM symbiosis.

6.2 INTRODUCTION

The arbuscular mycorrhizal symbiosis between plants and fungi is formed by
approximately 65% of all known land plant species and many plants depend on this
symbiosis for their nutrient supply.(Wang & Qiu, 2006) Many fungi also provide non-
nutritional benefits to their host that are critical for plant survival or fitness, including
protection against pathogens, or improved resistance against drought and salinity.(Smith

& Read, 2008) AM interactions are therefore essential components of large-scale
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ecosystem processes and act as ‘ecosystem engineers’ of plant communities.(Cameron,
2010)

All AM fungi belong to the phylum Glomeromycota, and are unable to complete their
life cycle without the carbon supply from their host.(Redecker & Raab, 2006) The
obligate biotrophy of AM fungi and the observation that plants often suppress the AM
colonization of their root system when nutrients are readily available, has led to the
overall assumption that the host plant is in control of the symbiosis.(Smith & Smith,
2012) However, this phyto-centric view disregards the long co-evolution of both partners
in the AM symbiosis (~ 450 Million years) that allowed the fungus to develop strategies
to improve its bargaining power despite its obligate biotrophic life cycle.(Kiers et al.,

2011; Fellbaum et al., 2012; Fellbaum et al., 2014)

6.2 RESULTS

As illustrated in Figure 1, AM fungi and their plant partners form a complex network
of many-to-many interactions, in which a single plant host is colonized by multiple
fungal species, and fungal ‘individuals’ interact with multiple plant hosts and species
simultaneously and interconnect plants by a common mycorrhizal network (CMN). Both
partners in the symbiosis can choose among multiple trading partners and do not depend
on a single partner for their carbon or nutrient resources. CMNs can connect plants of the
same or of different plant species and of different developmental stages, and are involved
in the long distance transport of nutrients (carbon, phosphate, nitrogen, or

micronutrients), water, stress chemicals, and allelochemicals in soil ecosystems.(Voets et
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al., 2008; Barto et al., 2011; Babikova et al., 2013; Babikova et al., 2013; Weremijewicz
& Janos, 2013; Gorzelak et al., 2015; Teste et al., 2015) Multiple fungal and plant
species interact and ‘communicate’ via these CMNs and there is growing evidence that
CMNss affect the survival and fitness, behavior and competitiveness of the plants and

fungi that are linked via these networks.
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Figure 1. Function of common mycorrhizal networks (CMNs) in soil ecosystems. The
roots of plants are connected by CMNs of single or multiple arbuscular mycorrhizal
(AM) fungal morphospecies. Plants compete with their carbon resources for nutrients that
become available for their CMNs. Plants can differ in their carbon transport to the CMNs
and can represent low or high benefit hosts for the AM fungus. Low benefit host plants
within a CMN could be for example seedlings that compete with adult plants, or adult
plants that transfer less carbon to the CMN due to shading or herbivore damage. AM
fungi can discriminate between low and high quality host plants and preferentially
transfer resources to high quality hosts what can contribute to the inequalities among
plants that have been observed in studies with CMNs. In addition, CMNs can serve as a
conduit for the transfer of warning signals or of allelochemicals between plants within
one CMN. Warning signals that are formed by donor plants for example in response to
herbivore stress can lead in receiver plants to an induction of defense reactions and the
release of volatile organic compounds from the leaves (VOCs). Directed transport of
allelochemicals to specific plants via CMNs can facilitate the interplant competition and
suppress the growth of plant competitors. Fungal CMNs compete for soil nutrients and
compete with these nutrients for carbon resources from the different host plants within
their CMN.
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The development of CMNs allows the fungus to gain access to multiple trading
partners, and ensures a continuous carbon supply for the fungus even when one host plant
loses its ability to transfer resources to the fungal partner by e.g. pathogen or herbivore
damage or by early senescence. When AM fungi are able to discriminate between host
plants within their CMN, the fungus gains bargaining power because the plants within its
network are forced to compete. In theory, natural selection should favor those fungi that
are able to establish a CMN with many host plants, because inter-plant competition will
force the competing plants to transfer more carbon to their fungal partner in order to
receive a greater share of nutrients from the CMN (Wyatt et al., 2014).

In order to better understand how nutrient transport among plants in CMNs is
controlled, we examined the fungal phosphate and nitrogen allocation to plants that
differed in their ability to provide carbon to their fungal symbiont (low and high quality
hosts). The studies demonstrated that fungi were indeed able to discriminate among
plants that shared a CMN and preferentially allocated nutrient resources to host plants
that were able to provide more carbon benefit.(Fellbaum et al., 2014) Nutrient allocation
within the CMN, however, was not controlled on an all-or-none basis, and the fungus
also transferred phosphate and nitrogen to low quality hosts, and maintained a high
colonization rate in these plants. Host plant quality does not seem to be an important
factor for root colonization,” and AM fungi also invest resources to actively colonize the
roots of low quality hosts.(Knegt ef al., 2014) The strategy to colonize both, low and high
quality host plants ensures that the loss of a high quality host is less detrimental for the

fungus, and forces also high quality hosts to compete for nutrients from the CMN.
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Both partners in the AM symbiosis are able to discriminate between different
symbiotic partners, and it has been suggested that the ‘fair trade’ between both partners
contributed to the evolutionary stability of the AM mutualism.(Kiers et al., 2011) Carbon
to nutrient exchange ratios at the mycorrhizal interface are controlled by resource supply
and demand and follow biological market dynamics.(Kiers et al., 2011; Fellbaum et al.,
2012; Fellbaum et al., 2014) Consistently, we found that in the absence of choice, the
fungus transfers more nutrient resources per unit carbon to low quality hosts.(Fellbaum et
al., 2014) When the fungus has only access to low quality hosts, the dependency of the
fungus for host plant’s carbon shifts the cost to benefit ratio at the mycorrhizal interface
in favor of the host.

When plants invest carbon resources into a fungal network that also benefits their
competitors, the preferential nutrient allocation to specific host plants within a CMN will
provide the favored host plants with a net benefit to the detriment of the unfavored plants
within the CMN.(Selosse et al., 2006) Plant species or individuals of one species can
differ in their carbon investment into the CMN,(Walder et al., 2012) and CMNs have
been shown to amplify inequalities in plant communities,(Booth & Hoeksema, 2010;
Weremijewicz & Janos, 2013) and between seedlings and established adult plants that are
connected by a CMN. While some studies have shown that seedlings can benefit from
established CMNs with adult plants,(van der Heijden & Horton, 2009) other studies
demonstrated negative impacts of CMNs on seedling establishment and fitness, and P
nutrition.(Kytoviita et al., 2003; Pietikdinen & Kytdviita, 2007; Merrild et al., 2013)

When AM fungi are able to discriminate among plants within their CMN, the fungal
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partner should provide more resources to adult plants due to their higher carbon transport
to the CMN.

The suppression of plants within CMNs, however, can also be a plant-mediated
effect. Allelochemicals, root-secreted secondary metabolites that plants use to regulate
the rhizosphere to the detriment of competing neighboring plants have also been shown
to be transferred from donor to target plants by CMNs.(Barto et al., 2011; Barto et al.,
2012) It is currently unknown, whether AM fungi are able to control the transfer of
allelochemicals within their CMNs, but it is interesting to speculate that AM fungi by a
directed transport of allelochemicals could suppress specific plants within their CMN, or
susceptible fungal competitors. Some plants release allelochemicals with antifungal
activities, and it has been shown that some invasive plants use these antifungal
allelochemicals to suppress the mycorrhizal colonization of their native plant
competitors.(Stinson et al., 2006)

CMNs play also an important role in the plant-to-plant ‘communication’ and transfer
infochemicals and warning signals between plants. Plants that are attacked by herbivores
produce volatile organic compounds that act as a repellent for aphids but attract the
natural enemies of aphids to the infested leaves. These volatiles are only produced by
non-infested plants when they share a CMN with infested plants.(Babikova et al., 2013)
These warning signals between plants within one CMN are transmitted very rapidly, and
non-infested plants up-regulated genes of the jasmonate defense pathway shortly after
plants within their CMN were attacked by herbivores.(Song et al., 2014) Herbivore
damage can reduce the capability of plants to provide the CMN with carbon, and AM

fungi that efficiently share these defense-related signals with other plants within their
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CMN will be able to reduce the negative impact of herbivore damage on their carbon
supply. It is currently not known whether the fungus controls the flow of these defense-
related signals within its CMN. The fungus could transfer these warning signals
preferentially to host plants that provide more carbon benefit, or to host plants that
demonstrate the strongest defense response in order to keep the damage to these plants as
small as possible(Babikova et al., 2013). Or the fungus could share these warning signals
equally among the plants within its CMN, because the fungus is unable to predict how
severely the carbon flow of individual plants will be affected by herbivore damage. Some
plants respond to a herbivore attack above-ground with an increased carbon allocation
below ground into roots and root exudates. This could increase the carbon transport of
these plants into the CMN, and could improve the attractiveness of these plants for fungal

colonization and signal transduction.(Holland et al., 1996)

6.3 CONCLUSIONS

AM fungi and their CMNss play a significant role in plant ecosystems and control the
fitness and competitiveness of the plant individuals within their CMNs. Our current
understanding about resource exchange in the AM symbiosis is primarily based on
experiments with root organ cultures or with single plants that are colonized by one AM
fungus.(Kiers et al., 2011; Fellbaum et al., 2012) The transferability of these experiments
to CMNSs, however, is very limited, because in natural ecosystems both partners in the
AM symbiosis can choose among multiple trading partners and do not depend on a single

partner for their nutrient or carbon supply. Plants play a critical role for the carbon supply
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of their CMNs and also the composition of the plant community within one CMN has
been shown to affect the abundance or extension of CMNs in soils.(Derelle et al., 2012;
Engelmoer & Kiers, 2015) Very little is known about how AM fungi allocate nutrient
resources or infochemicals within their CMN, or how host plants compete with other
plants for nutrients that are available for their CMNs. More research is needed to better
understand how the costs and benefits of the AM symbiosis are controlled in CMNs, and
how fungal networks affect the inter-fungal or inter-plant competitiveness of both

partners in natural ecosystems.
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CHAPTER 7

7.1. DISCUSSION

The application of AM fungi in a sustainable agriculture is still hindered by the
lack of knowledge about their metabolic pathways and their regulation. Research has
clearly demonstrated that the AM symbiosis plays an important key role in the nutrient
exchange between a fungal symbiont and its plant host (Bago et al., 2003; Read &
Perez- Moreno, 2003; Smith & Smith, 2011), soil communities and their ecological
environments (Smith & Smith, 2011; Hodge & Storer, 2015). Over evolutionary time,
one would expect the selection of plants and AM fungi that cheat to increase their
reproductive success at the expense of other partners and this would destabilize the AM
symbiosis, but this mutualistic association still persists for more than 450 million years.
However, several significant questions were still unanswered as to what triggers nutrient
exchange and the physiological mechanisms employed by partners to control the
interactions in AM symbiosis. To answer these, we therefore hypothesized the following:
1. Host plants C has an effect on AM fungal P uptake and the transport to the host plant,
2. Host plants and AM fungi can discriminate between beneficial and less beneficial
partners and in return, reward these partners accordingly and 3. Plant growth benefit is
affected by fungal P and N metabolism.

To better understand the discrimination between partners in the AM symbiosis, we
used in vitro root organ cultures and whole plant systems and selected AM fungal species

that differed in their behavior and their cooperative growth benefits (Kiers et al., 2011).
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We treated these systems with P and '*C to track the exchange of resources between
partners (Kiers ef al., 2011). We found that the AM fungi exhibited high and low levels
of cooperation based on the costs of carbon per unit phosphate (P) and nitrogen (N)
transferred and their resource hoarding strategies. The results demonstrated that AM
fungi are able to distinguish roots that differ in the benefit that they provide and allocate
P accordingly to roots that are able to provide more carbon (C). We were able to also
demonstrate that an increasing amount of C transferred by the host stimulated P transport
to the root by the cooperative fungus but did not affect the transport of the less-
cooperative fungus. Our results provided strong evidence that AM fungi play an
important role in regulating nutrient exchange and the different host plant competition
between multiple hosts available can shift nutrients to carbon exchange in the AM
symbiosis to the advantage of the fungus contribution (Kiers et al., 2011; Fellbaum et al.,
2012; Fellbaum et al., 2014; Mensah et al., 2015).

Overall, our work strongly suggests that AM fungi are able to discriminate
between host plant partners. This confirms the results of Bever ef al. (2009), who found
that host plants are able to discriminate between more beneficial and less beneficial
fungal species in a segregated split root system. Our results validated evidence that
indeed reciprocal of C for P and N exchange mechanisms do exist in the AM symbiosis
(Biicking & Shachar- Hill, 2005; Hammer et al., 2011; Fellbaum et al., 2012) and high
intraspecific variation within the morphospecies contributes to the high phenotypic and
functional diversity (Koch et al., 2006).

To address how cooperative behavior between symbionts is enforced, we conducted a

study in a whole plant system (M.truncatula) and manipulated cooperative behavior by
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supplying different nutrient conditions and tracked the exchange of resources between
partners. The carbon (C) flux through the plant to the fungal partners was studied by
stable isotope probing (SIP) and we found that more carbon was integrated into the RNA
of the more cooperative fungus (Rhizophagus intraradices) compared to the less
cooperative fungi (G. custos & G.aggregatum)(Kiers et al., 2011). However, the ability
of the AM fungi to provide resource benefit is dependent on what benefits are available
to that particular fungus than to other fungi (Werner et al., 2014). This reciprocal reward
system is analogous to a market economy where trade is favored with partners offering
the best rate of exchange.

AM interactions are however, one of the most complex associations to understand
because plant and their fungal symbionts interact in complex networks with multiple
partners, which should select against cooperation and reduce the effectiveness of
mechanisms that could enforce cooperation behavior. To test this hypothesis, we used
two Medicago truncatula plants inoculated with two AM fungal species (G.aggregatum
or R. irregularis) in whole plant systems. ’N and P were applied and tracked fungal
nutrient transport in a common mycorrhizal network (Fellbaum et al., 2014).The plants
were shaded to control the photosynthetic activities either by covering one or both plants.
Our results strongly indicate that both AM fungi preferentially allocate resources to the
unshaded host plant (Fellbaum et al., 2014). Also, AM fungi transferred more P and N to
shaded host plants when the AM fungus had no choice between high and low quality host
plants (Fellbaum et al., 2014). Interestingly, AM fungi were able to maintain high levels
of colonization in systems with one unshaded and the other shaded host plants. This

suggests that the fungus used its C resource from the unshaded plant to maintain the level
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of colonization in the shaded plant, suggesting that one fungal strategy is to always have
access to a C source even if the host plant is a low quality host (Fellbaum et al., 2014).
Plant growth responses following colonization with different isolates of a single
species of AM fungus can range from highly beneficial to detrimental, but the reasons for
this high within-species diversity are currently unknown. We found in our previous study
that colonization by less-cooperative fungus resulted in a higher C cost per unit P
transferred to the host plant compared to the more-cooperative fungus (Kiers et al.,
2011). It is predicted that evolutionary theory of sanctions on plants would decrease the
less cooperative fungus’s reproductive success and would eventually reduce fungal
diversity. So to examine whether differences in growth and nutritional benefits are related
to the P and N metabolism of the fungal symbiont, we studied the effect of 31 different
isolates from 10 AM fungal morphospecies on the P and N nutrition of Medicago sativa
and the P allocation among different P pools. Our results demonstrate that there is a high
within fungal species diversity in the efficiency with which AM fungi contribute to the N
nutrition of the host plant (Mensah et al., 2015) but the reasons for this high within-
species diversity are currently unknown. There are indications that differences in the
fungal polyP metabolism could play a role in this diversity (Mensah et al., 2015), but it
has also been suggested that the nutrient transport efficiency could mainly be the result of
the compatibility between a fungal symbiont and its plant host. The results in our
previous studies validate that the less-cooperative fungus withheld P as inaccessible long-
chain polyp showing the difference in fungal cooperation and their hoarding strategies

(Kiers et al., 2011). These results provide strong evidence that the long-chain poly-P
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pool stores P in the AM fungal hyphae whereas short-chain poly-P are good indicators of
P transport to the host plant (Takanishi et al., 2009; Kiers et al., 2011).

Overall, our studies support the hypotheses that the fungal P and N transport are affected
by the C supply of the host plant and the biological market theory provided evidence that
AM fungi and host plant discriminate between partners through their many to many

nutrient exchange interactions in the AM symbiosis (Werner et al., 2014).

7.2. FUTURE EXPERIMENTS

The results from our previous studies have demonstrated that resource exchange between
host plants and AM symbionts are driven by biological market dynamics where both
partners are able to identity better partners that are able to provide more benefit, and
reciprocally reward resources (in terms of N and P for C) to the partners offering the best
exchange rate (Kiers ef al., 2011; Fellbaum et al., 2012; Fellbaum et al., 2014). However,
there are still questions that need to be answered since these studies only focused on a
fraction of the total benefits in AM symbiosis. Our results showed also that there is high
within fungal species diversity in the nutrient benefits to the host plants (Mensah et al.,
2015). However, further studies should focus on the role of the fungal polyP metabolism
and nitrogen in nutrient uptake and transport efficiency of the fungal partners. It is
therefore important for the plant to maintain high multiple AM inter-fungal competitions
where environmental conditions can affect the changes to nutrient exchange in AM
community. The AM fungus beneficial status may be dependent on what benefits or

resources that particular fungus has in possession to compare with other AM fungi
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(Werner ef al., 2014). The host plant and AM fungi form multiple interactions in the AM
symbiosis. However, the AM fungi can differ in the nutritional benefits they provide to
the host plant through CMN (Fellbaum et al., 2014; Mensah et al., 2015). The benefit in
the AM symbiosis for the host plant is the sum of the benefits that are provided by all the
AM fungi interacting with an individual host plant. However, little is known about how
the composition of these communities is controlled. Our study focus on how nutrients
depend on the host plant and how the availability of nutrients for AM fungi plays an
important driving force that shape the AM fungal community composition. We used
Medicago truncatula as our model plant — (non-mycorrhizal target and mycorrhizal donor
plants) where the plants were inoculated with either Glomus aggregatum (GA) or
Rhizophagus irregularis (RI). The plants were grown under low nutrient supply
conditions in their respective T-shaped PVC pipe compartments, before the
compartments were connected with 6-cm-long PVC pipes and 50-um nylon mesh
forming three connected compartments (GA-Target-RI). This allowed the fungi to
crossover the membrane from the donor to the target plant compartment. After two weeks
of varying the amount of P and N supply for the donor and target plants, the plants were
harvested, analyzed for biomass,lSN, P contents and their mycorrhizal colonization by
microscopy and qPCR. Our initial data (Mensah et al. in prep.) indicate that the
community composition depended on both the nutrient demand of the target plant and the
access of nutrients for individual fungal species. This supports the view that plants have
unique AM fungal communities that they are associated with (Hausmann & Hawkes,
2009). Our preliminary results also clearly indicated that the host plant plays an important

role in the AM fungal community composition (Pendergast et al., 2013; Zobel & Opik,



218

2014). The results also showed that the less — cooperative fungi (GA) were able to
outcompete the more-cooperative fungi (RI) when they have access to the specific
nutrient the host plant is in demand. However, the more — cooperative fungi (RI) was
dominant under both low and high nutrient supply conditions unlike the less-cooperative
fungi (GA) which was only dominant when it had access to the specific nutrients the host
plant was in demand of (Mensah et al. in prep.). This study supports the hypothesis that
the reciprocal reward of specific nutrients act as an important driving force that control
the shape of AM communities in the AM symbiosis that is controlled by biological
market dynamic.

Even though these studies would not answer all the questions that pertain in the AM
symbiosis, we hope that these studies go in the right direction to further advance our
understanding of cooperation in the AM symbiosis and their importance in sustainable

agriculture.
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