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Table S1: Bulk densities(g cm™) of plots for each rotation and treatment, determined in 2021. Values
are means (std. err); n=9 for FWW, n=6 for FW and LW, and n=3 for CW.

Rotation Treatment 0-7.5cm 7-5-15cm
FWW +N+P 1.04 (0.018) 1.36 (0.014)
-N+P 1.08 (0.032) 1.35 (0.027)

No P 1.07 (0.026) 1.35 (0.017)

cw +N+P 0.899 (0.034) 1.38 (0.071)
-N+P 1.04 (0.033) 1.36 (0.033)

FW +N+P 1.12 (0.038) 1.33 (0.029)
WL +N+P 1.04 (0.009) 1.33(0.018)




Table S2: ANOVA results (P < F), for soil total phosphorus (P), organic P and Olsen (bicarbonate P), analyzed by Treatment (T),
cumulative year (Y) and the T*Y interaction. Treatments are fallow-wheat-wheat (FWW), continuous wheat (CW), fallow-wheat (FW) and
wheat-lentil (WL). For WL, only wheat yields are shown. Values in bold are statistically significant (0¢=0.05).

FWW CWwW FW WL

Depth
(cm)

Total P (mg kg™) 0-75 <0.001 <0.001 0.794 <0.001 <0.001 0.389 0.023 0.029 0.955 0.001 0.017 0.932

Parameter T Y Y T Y Y T Y ™Y T Y T*Y

75-15 <0.001 <0.001 0.126 0.001 <0.001 0.058 0.206 0.243 0.721 0.113 0.117 0.741

Total P (kg ha*) 0-15 <0.001 <0.001 0.413 <0.001 <0.001 0.105 0.031 0.796 0.939 0.005 0.014 0.790
OrganicP (mgkg?) 0-75 0.124 <0.001 0.317 <0.001 0.002 0.956 0.734 0.077 0.039 0.961 0.122 0.715
75-15 0406 <0.001 0.938 0.001 0.007 0907 0990 0.07v3 0.099 0959 0.939 0.986

Organic P (kgha')  0-15 0.281 <0.001 0.950 0.027 0.002 0.999 0.805 0.301 0.040 0.999 0473 0.975
Organic P (% TP) 0-75 <0.001 <0.001 0.166 <0.001 <0.001 0601 0.185 0.205 0.018 0.157 0.112 0.949
7.5-15 0.198 <0.001 0.767 <0.001 <0.001 0.920 0.365 0.046 0.038 0.225 0.098 0.822

Olsen P (mg kg™) 0-75 <0.001 <0.001 0.013 <0.001 <0.001 <0.001 <0.001 <0.001 0.238 0.001 0.111 0.265
75-15 <0.001 <0.001 0.022 <0.001 <0.001 0.0517 0.094 <0.001 0.433 0.090 <0.001 0.539

Olsen P (kg ha?) 0-15 <0.001 <0.001 0.064 <0.001 <0.001 <0.001 <0.001 <0.001 0.290 <0.001 0.001 0.189
Olsen P (% TP) 0-75 <0.001 <0.001 0.001 <0.001 <0.001 <0.001 0.002 <0.001 0.243 <0.001 0.003 0.328
7.5-15 <0.001 <0.001 0.001 <0.001 <0.001 0.060 0.124 <0.001 0.420 0.140 <0.001 0.522

Total P A*(kg ha®)  0-15 0027 - - 0026 - ~ 0646 - - 0517 - -
Organic P A%(kg ha') 0-15  0.415 - - 0.871 - - 0.461 - - 0.980 - -
Olsen P A%(kg ha?) 0-15 <0.001 - - <0.001 - - 0.105 - - 0.019 — -

& Net change, 2015 minus 1995 for FWW and CW; 2016 minus 2010 for FW and WL.



Table S3: Phosphorus (P) concentrations in various pools for the fallow-wheat-wheat FWW rotation, analyzed by year, for 1995-2015.
Values are means (std. err); n = 108 for 1997-2006, n = 144 for 2009, and n = 162 for 2012 and 2015.
Cumulative Year
P pool  Units Depth (cm) 1997 2000 2003 2006 2009 2012 2015
560.8a 518.6d 520.8cd 542.3abc 553.2ab 538.9bcd 544.3ab
(5.43) (5.02)  (5.01) (5.46) (5.62) (4.56) (4.60)
473.4bcd 441.4e 4515de 466.4cd 478.6abc 489.5ab 495.8a
(6.14) (5.92)  (5.26) (5.46) (5.31) (4.08) (4.20)
927.3a 8618c 873.8bc 9052ab 929.1a 926.6 a 937.4 a
(8.11) (8.90)  (8.05) (7.94) (9.25) (7.35) (7.21)
Org. P 276.2cd 303.4ab 290.8bc 297.8b 317.7a 276.6cd 271.7d
mg kg* 0-7.5
(5.11) (5.22)  (5.02) (3.73) (4.47) (4.33) (3.58)
251.8b 2753a 280.8a 294.3a 289.4 a 276.7a 283.0a
(5.81) (599)  (5.82) (5.98) (4.87) (4.01) (3.98)
4759c 521.3ab 5174ab 535.6a 548.2a  500.7 bc 503.6 bc
(8.38)  (8.63) (7.26)  (7.72) (7.64) (6.39)  (5.85)
49.4 b 58.7a 56.4 a 55.5 ab 57.7a 51.8Db 50.1Db
(0.86) (093)  (1.03)  (0.86) (0.75) (0.85) (0.64)
53.6¢ 62.6 a 62.1a 63.4a 60.9 ab 57.0c 57.3 bc
(1.16)  (1.12)  (0.92)  (1.20) (0.99) (0.85)  (0.76)
Olsen P 20.1 bc 17.7¢c 16.7c 18.5 bc 170c 22.4 ab 26.4a
kg ha 0-15
(0.79) (0.91)  (0.98) (1.23) (0.84) (1.12) (1.33)

Total P mg kg™ 0-7.5

mg kg 7.5-15

kg ha 0-15

mg kg 7.5-15

kg ha! 0-15

% TP 0-7.5

% TP 7.5-15




Table S4: Phosphorus (P) concentrations in various pools for the continuous wheat (CW) rotations, analyzed in 3-year blocks, for 1995-

2015. Values are means (std. err); n=36; different letters within each row indicate significantly different means (0=0.05).

Cumulative Year

P pool Units  Depth (cm) 1997 2000 2003 2006 2009 2012 2015

5944ab 5583b 570.6ab 563.0ab 598.0ab 6025 602.2
(9.87) (7.84) (7.24) (9.91) (12.1) a(10.8) a(12.8)
4845abc 450.6c 468.4bc 468.6bc 502.1ab 5216a 520.7a
(12.8) (8.85) (8.97) (8.59) (12.7) (9.17) (11.2)
929.8abc 870.3c 898.0bc 8914bc 952.7ab 9729a 978.0a
(18.8) (15.4) (12.7) (14.2) (22.1) (15.5) (21.6)
290.8b 332.7a 3025ab 307.0ab 318.3ab 291.6b 283.8b
(9.77) (8.34) (6.30) (8.73) (10.2) (10.8) (9.33)
2509b 288.7a 286.4a 276.6ab 291.6a 285.2ab 270.9ab
(7.54) (7.79) (6.79) (8.16) (7.79) (9.93) (9.44)
468.8c 537.1a 5135abc 506.7abc 502.1ab 521.6a 520.7a
(12.5) (11.0) (8.71) (13.1) (12.7) (9.17) (11.2)
49.2b 60.0a 53.3ab 55.4ab 53.6ab 48.7Db 479D
(1.75) (1.72) (1.27) (2.13) (1.73) (1.88) (2.07)
53.1c 64.6 a 61.5ab 59.3abc 589abc 549abc 529a
(2.19) (1.76) (1.38) (1.69) (1.81) (1.79) (2.13)
6.76ab 5.57abc 5.00 bc 6.31 bc 407c 882ab 106a
(0.54) (0.73) (0.83) (1.27) (0.54) (1.35) (1.52)
1l46abc 1.20abc 1.06bc 128abc 0.83c 1.64ab 193a
(0.13) (0.14) (0.16) (0.24) (0.112) (0.23) (0.25)

Total P mg kg 0-7.5

mg kg* 7.5-15

kg hat 0-15

OrganicP  mg kg* 0-7.5

mg kg* 7.5-15

kg hat 0-15

% TP 0-7.5

% TP 7.5-15

OlsenP  mgkg* 7.5-15

% TP 7.5-15




Table S5: Soil phosphorus (P) concentrations in various pools for the fallow-wheat (FW) wheat-

lentil (WL) rotation, analyzed by treatment and cumulative year, for 2008-2016. VValues are means

(std. err); n=24. For cumulative year, results were averaged over a two-year period, to cover both |

phases for each plot.

Cumulative Year

Phosphorus pool  Depth cm) 2010 2012 2014 2016
FW Total P mg kg* 0-7.5 595.8y(9.79) 561.0z(7.19) 566.7yz(9.59) 573.8yz(7.76)
mgkg!  7.5-15 481.9 (9.29) 506.5 (13.4) 504.9 (13.1) 515.0 (10.9)
kgha!  0-15 980.3 (17.7) 973.8 (12.5) 976.7 (14.5) 992.8 (12.3)
FWOrgPmgkg!  7.5-15 263.4 (11.8) 307.3 (14.7) 273.5 (12.4) 278.4 (9.71)
FW Olsen Pmgkg®  0-7.5 2467 (0.70)  27.0yz(143) 30.1xy(1.25) 32.3x(1.28)
mgkgt  7.5-15  7.09z(0.73) 138y (1.38) 162y (1.27)  16.8y(1.36)
kghat  0-15 276z (1.09)  36.2y(1.93) 413xy(1.68)  43.7 x (1.99)
%TP  0-7.5 4157 (0.13)  4.79yz(0.23) 5.31xy(0.20)  5.61x(0.18)
%TP 7515 1487 (0.14)  2.66y(0.23)  3.15y(0.22) 3.22y(0.2)
WL Total P mg kg™ 0-7.5 669.0y (12.5) 6355yz(7.63) 611.5z(18.8) 635.4yz (10.6)
mgkg®t  7.5-15 538.2 (12.5) 527.5 (13.2) 494.6 (15.4) 523.3 (10.9)
kgha!  0-15  1057.3y(23.1) 1018.8yz (14.9) 967.2z(225) 1014.9yz (16.3)
WL OrgP mgkg®  0-7.5 348.7 (10.5) 312.5 (7.55) 336.8 (13.4) 318.7 (13.8)
mgkg?  7.5-15 308.8 (12.4) 306.9 (10.3) 310.4 (8.64) 301.4 (10.2)
kgha!  0-15 578.1 (18.2) 548.0 (14.5) 570.3 (16.8) 548.4 (17.0)
%TP  0-7.5 52.4 (1.72) 49.3 (1.24) 57.0 (3.81) 50.2 (1.90)
%TP  7.5-15 57.6 (2.22) 58.5 (1.94) 64.0 (2.56) 57.6 (1.45)
WL Olsen P mgkg?  0-7.5 27.6 (1.55) 35.4 (1.75) 32.8 (2.69) 32.5(2.79)
mgkg! 7.5-15  519z(043) 103y (0.90)  9.25y(0.96)  11.6y(1.42)
kghat  0-15 31.4z(1.48) 378y (1.92) 34.6yz(242) 36.8y(3.19)
%TP 075 4117(0.21) 554y (0.24) 539y (0.40)  5.09y (0.40)
%TP 75-15  097z(0.08) 194y (0.16) 1.85y(0.16)  2.25y(0.24)




Table S6: Statistically significant differences in means (Tukey HSD, a=0.05), for results for the

fallow-wheat-wheat FWW rotation shown in Fig. 1 .

Cumulative Year

P pool Treatment 1997 2000 2003 2006 2009 2012 2015
+N+P abcdefg bcdefghi bcdefghi abcdefg bcdefghi abcde ab
Olsen +N-P bedefghij  efghijkl ghijlkmn ijlkmno  jlkmno  hijkkm  ghijk
Pk,gr:g -N+P abcdef abcd abcd abcde abc ab a
075 -N-P abcdefgh bcdefghi bcdefghij cdefghij fghijk defghij bcdefg
cm N only kImnopq pq q pq nopq kimnopg kimnopq
None kImnopq opq pq pq pq mnopq Imnopq
+N+P cdefghi defghijkl efghijkl defghijkl efghijkl abcd a
Olsen +N-P cdefghijk efghijkim efghijklimn  efghijkilmn  ghijklmn  defghijk  cdefgh
Pkgnzg -N+P abcdef bcdefgh bcdefg abcde defghijkl ab a
2515 -N-P bcdefg cdefghij defghijkl cdefghijk  cdefghijk bcdef abcd
cm N only efghijkim klmn mn Imn Imn ijklmn  ghijklmn
None efghijkim jklmn n Imn Imn hjkimn  fghijkim
+N+P abcdefg bcdefgh bedefgh abcdefg cdefgh abcde ab
Olsen +N-P bedefghi efghijk fghijkim hijklmn ijkimo ghijk fghijk
. P -N+P abcdef abcd abcde abcde defgh abc a
g;;rz -N-P abcdefg bcdefgh bcdefgh defghij klmno defghi abcdef
cm N only kimno no no no Imno klmno jklmno
None kimno mno no 0 no kimno kimno
+N+P defghijklm defghijklmn efghijkimno defghijklmn ghijklmno abcd ab
Olsen +N-P defghijklm efghijklmno  ghijklmno ghijklmno jklmno  efghijklm defghijkl
. P -N+P abcdefgh bcdefghi bcdefghi abcdef ijklmno abc a
7/05le -N-P cdefghij defghijk  defghijklmn  defghijklm  hijkimno bcdefg abcde
cm N only ghijklmno Imno 0 mno no kimno ijkimno
None fghijkimno jklmno 0 mno no klmno ijklmno




Table S7: Statistically significant differences in means (Tukey HSD, a=0.05), for results for the

continuous wheat (CW) rotation shown in Fig. 1.

Cumulative Year

P pool Treatment 1997 2000 2003 2006 2009 2012 2015
+N+P abcdefgh  defghij efghijk  defghijk  efghijk abcde ab
Olsen P, mg kg, +N-P cdefghij ghijk hijk k ijk jk ijk
0-7.5¢cm -N+P abcde abed abc ab abcdef  abcdefg a
-N-P bcdefghi  bedefghij — efghijk fghijk ijk defghijk  bcdefghij
+N+P bcdefghi  efghijkl fghijkl fghijkl hijkl abcdefg abcd
Olsen P, kg kg%, +N-P cdefghijk ijkl ijkl I jki kl ijkl
0-15cm -N+P abcdef abc abcd ab abcdefgh  abcde a
-N-P bedefghij  defghijkl  defghijkl  ghijkl ikl defghijkl  bcdefghijk
+N+P abcde bcdef defg cdefg defg abcd abc
Olsen P,
+N-P bcdefg defg efg g fg fg fg
% TP,
-N+P abcd ab ab a abcd abcde a
0-7.5cm
-N-P bedef bcdef defg defg fg defg bcdef




Table S8: ANOVA results (P < F), for grain and straw yield, grain and straw nitrogen (N) and grain
and straw phosphorus (P), analyzed by Treatment (T), cumulative year (Y) and the T*Y interaction.
Treatments are fallow-wheat-wheat (FWW), continuous wheat (CW), fallow-wheat (FW) and wheat-
lentil (WL). Values in bold are statistically significant (a=0.05).

Rotation  Factor G_rain St_raw Grain  Grain  Straw  Straw P Depl. P Dep.
yield Yield N P N P Mean Tot.

FWW T <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
Y <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 - —
T*Y 0.579 0.866 0.887 0.052 0.816  0.153 - -

Cw T <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
Y <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 - —
T*Y 0.963 0.384 0937 0135 0130 0.201 - -

FW T 0.131 0.055 0.263 0.280 0.091 0.135 0.008 <0.001
Y 0.010 <0.001 0.015 0.009 0.023 0.021 - —
T*Y 0.319 0.416 0.387 0388 0.716 0.935 - -
WL T 0.367 0.045 0.203 0.319 0.204 0.168 <0.001 —

Wheat

Y 0.001 <0.001 <0.001 <0.001 0.001 <0.001 - —
™Y 0.705 0.311 0.635 0.682 0.952 0.978 - -
WIT T 0.268 0.523 0.279 0.514 0.582 0.322 <0.001 —
entil Y <0.001 <0.001 <0.001 <0.001 0.008 0.249 - -
™Y 0.901 0.380 0.920 0.951 0.244 0.261 - -

WL all T - - - - - - - <0.001




Table S9: Grain and straw yield, grain and straw nitrogen (N) and grain and straw phosphorus (P),
analyzed by cumulative year (average of 3-year period), 1995-2015. Rotations are fallow-wheat-
wheat (FWW) and continuous wheat (CW). Different letters within each rotation indicate significant
differences (0=0.05).

Grain Straw

Rotation Cumulative yield Yield Grain lzl Grain If Straw ll\l StranP
Year Mg ha' Mg ha' kg ha kg ha kg ha kg ha

FWW 1997 2.59 ab 3.71a 61.5 ab 8.91b 105¢ 0.70d

(0.07) (0.14) (2.24) (0.26) (0.57) (0.04)

2000 2.24 bc 3.76 a 55.5 bc 9.24 a 15.2b 1.95b

(0.11) (0.17) (2.69) (0.42) (0.86) (0.10)

2003 2.00 cd 2.74 b 52.2 bc 7.61c 146D 1.17¢c

(0.07) (0.12) (1.90) (0.28) (0.73) (0.06)

2006 2.47 ab 4.31a 55.8 bc 10.7 a 19.7 a 2.58a

(0.08) (0.16) (2.19) (0.31) (1.03) (0.13)

2009 1.82d 2.68b 475¢ 6.64 c 115¢ 0.88 cd

(0.06) (0.10) (1.69) (0.19) (0.75) (0.04)

2012 2.75a 441 a 65.9 a 11.7a 15.3b 1.86b

(0.10) (0.18) (2.64) (0.40) (0.63) (0.08)

2015 2.36 bc 4.02 a 54.0 bc 9.32b 13.2 bc 1.83b

(0.11) (0.27) (2.59) (0.42) (0.91) (0.16)

Ccw 1997 2.20a 3.06 ab 49.4 a 8.93 abc 9.03b 0.89c¢c

(0.12) (0.17) (3.86) (0.41) (0.94) (0.06)

2000 1.76 bc 2.98 abc 43.0 ab 8.25 bc 13.4 ab 2.96 a

(0.16) (0.15) (3.77) (0.37) (1.71) (0.27)

2003 1.63 bc 2.15 cd 41.2ab 7.07cd 11.9ab 1.32c¢c

(0.09) (0.08) (2.63) (0.30) (1.41) (0.10)

2006 2.12 ab 3.69a 44.1 ab 10.6 a 16.4 a 3.39a

(0.11) (0.17) (3.14) (0.30) (1.85) (0.22)

2009 1.33¢c 1.93d 35.6b 5.76 d 10.0b 1.16¢c

(0.10) (0.17) (2.99) (0.30) (1.35) (0.10)

2012 2.24 a 3.42 ab 519a 10.2 ab 12.3ab 1.88b

(0.12) (0.17) (3.38) (0.30) (0.86) (0.14)

2015 1.91ab 2.66 bcd 42.3 ab 7.83¢C 8.43b 1.33¢c

(0.11) (0.17) (3.01) (0.30) (0.73) (0.11)
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Table S10: Grain and straw yield, grain and straw nitrogen (N) and grain and straw phosphorus (P),
analyzed by cumulative year (average of 3-year period), 1995-2015. Rotations are fallow-wheat
(FW) and wheat-lentil (WL), with results for both wheat and lentil shown for WL. Different letters
within each rotation indicate significant differences (0=0.05).

Grain

Straw

Rotation Cumulative yield Yield Grain lzl Grain If Straw ll\l StranP
Year Mg ha* Mg ha' kg ha kg ha kg ha kg ha
FW 2010 2.85ab 3.76 b 68.9 ab 10.9 ab 13.2b 1.26 b
(0.22) (0.14) (4.77) (1.21) (1.42) (0.22)
2012 3.59a 6.60 a 80.6 a 145a 18.7 ab 2.14 ab
(0.22) (0.17) (5.45) (2.07) (1.56) (0.30)
2014 3.46 ab 6.64 a 75.2 ab 13.2 ab 20.6a 251a
(0.09) (0.12) (2.57) (0.54) (2.09) (0.35)
2016 2.88b 4.08 b 62.9b 10.4 b 16.8 ab 1.76 ab
(0.23) (0.16) (3.24) (0.79) (2.53) (0.39)
WL 2010 2.48b 2.79b 66.6 b 11.4b 125b 151b
wheat (0.39) (0.49) (1.69) (1.94) (1.62) (0.27)
2012 4.08 a 7.22 a 106.4 a 188 a 30.2 a 4.37 a
(0.31) (0.54) (2.64) (1.51) (6.42) (0.77)
2014 4.08 a 6.72 a 102.5a 17.1a 21.7 a 3.17 a
(0.12) (0.34) (2.59) (0.40) (1.24) (0.33)
2016 2.87b 3.66b 66.1b 11.3b 17.1b 1.76 b
(0.30) (0.52) (3.86) (1.17) (2.06) (0.33)
WL 2010 1.81 bc 3.45 bc 69.9b 6.83 bc 47.6 ab 3.76
lentils (0.17) (0.46) (3.77) (0.80) (10.5) (0.89)
2012 4.00 a 5.20 a 1559a 15.2a 52.6 a 4.59
(0.23) (0.32) (2.63) (0.74) (5.79) (0.70)
2014 2.34Db 4.59 ab 90.3 bc 8.85b 48.6 a 4.42
(0.18) (0.39) (3.14) (0.63) (5.21) (0.75)
2016 117¢c 243c 409¢c 445c¢c 26.6 b 3.08
(0.19) (0.31) (3.01) (0.74) (3.53) (0.45)
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Figure SM1: Mean annual precipitation (in mm) at the Swift Current Research and Development
Centre, 1995-2016.
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