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(2023 Barley - Recrop Dickinson, ND|

Days Seeds ------- Grain Yield-------- Average Yield
to per Plant Test % TR
Variety Head Pound Height Weight KWT Protein Plump 2020 2021 2023 Year Year
in lbs/bu  g/1000 % >6/64 -———bu/ac—--———-- ----bu/ac—-

Six Row
ND Treasure 59 10,798 16 47.4 42.0 11.9 98 47.5 18.5 62.6 40.6 42.9
Tradition 59 11,287 19 48.3 40.5 13.4 97 40.7 22.2 57.6 39.9 40.1
Two Row
Conlon 59 9,179 20 49.6 50.0 13.5 a7 45.7 215 51.6 36.5 39.6
Pinnacle 59 8,704 18 50.2 52.3 10.4 98 49.2 22.0 64.6 433 45.3
ND Genesis 59 9,356 21 50.3 48.5 11.4 98 50.5 19.2 70.5 44.9 6.7
AAC Synergy &0 9,483 19 48.1 48.3 12.6 97 50.3 11.4 65.1 38.2 42.3
CDC Fraser 63 9,670 18 46.7 47.0 121 97 - 9.2 62.9 36.0 -
Explorer 61 8,455 19 49.8 54.0 12.8 98 52.4 20.1 63.4 a1.7 45.3
AAC Connect 63 9,303 18 47.9 48.8 13.1 97 49.5 10.9 59.2 35.0 399
Brewski 60 9,467 22 49.4 48.3 125 98 50.6 23.8 67.0 45.4 471
CDC Prairie 63 9,707 16 48.6 46.8 12.1 97 - - &6.7 - -
ABI Cardinal 61 9,475 16 49.1 48.0 123 97 52.7 12.3 64.3 38.3 43.1
Trial Mean 60 9,622 18 48.6 47.7 12.2 97 48.7 18.9 63.1 - -
CV% 1.9 55 9.7 1.5 5.7 6.6 0.8 7.2 13.1 11.4 = ==
LSD 0.05 1 633 2 0.9 3.2 1.0 1 5.0 35 8.5 - -
LSD 0.10 1 491 2 0.7 2.5 0.7 1 4.2 2.9 6.6 - -

Planting Date:  April 25, 2023

Harvest Date: August 8, 2023

Previous Crop: Sudan hay

Seeding Rate: 1.2 million live seeds/ac

Grain protein percentages reported on a 0% moisture basis

12023 crop hailed out so previous 2 years were used in averages



2023 Durum - Recrop

Dickinson, ND|

Days Seeds e Grain Yield-------- Average Yield'
to per Plant Test 2 3
Variety Head Pound Height Weight KWT  Protein 2020 2021 2023 Year Year
in Ibs/bu  g/1000 % bu/ac ---bufac----
Maier 57 10,118 27 60.2 45.5 13.5 351 135 48.1 30.8 32.2
Mountrail 58 10,020 28 60.4 45.5 12.2 409 114 58.2 34.8 36.8
Alkabo 56 9,513 25 60.3 48.1 123 394 139 569 354 36.7
Divide 59 10,260 30 60.3 44.4 12.3 383 124 518 321 34.1
Tioga 56 9,183 29 59.7 49.5 12,5 376 153 515 334 34.8
Carpio 58 9,488 29 60.4 48.0 12.2 364 129 571 35.0 35.5
Joppa 57 10,228 26 60.5 44.6 12.7 415 115 49.2 30.3 34.0
ND Grano 58 9,898 29 61.0 45.9 12.2 38.7 113 576 34.4 35.8
ND Riveland 57 9,421 28 59.8 48.3 13.1 383 153 48.2 31.8 339
ND Stanley 58 9,676 26 60.9 47.0 13.1 400 138 543 34.0 36.0
Strongfield 57 9,935 28 60.1 45.8 140 362 99 474 28.7 31.2
MT Blackbeard 59 9,285 31 60.3 48.9 12.9 -- -- 45.4 -- --
MT Raska 56 10,524 22 60.8 43.5 13.6 s e 50.5 Ee e
Trial Mean 58 9,664 28 60.5 47.2 12.8 379 127 529 = o=
V% 1.1 4.3 7.0 0.6 4.2 4.9 74 190 11.1 - -
LSD 0.05 1 491 2 0.4 23 0.7 4.0 34 6.9 -- --
LSD 0.10 1 381 2 0.3 1.8 0.6 3.3 2.8 5.3 -- =
Planting Date:  April 26, 2023

Harvest Date:

August 15, 2023

Previous Crop: Sudan hay
Seeding Rate: 1.2 million live seeds/ac

' 2023 crop hailed out so previous 2 years were used in averages




|2023 Flax - Recrop Dickinson, ND|
Days ~ Days Average Yield' |

to to Plant Test Oil -- Grain Yield-- 2 3

Variety Flower Mature Height Weight Content 2020 2021 2023 Year Year
in Ibs/bu % - bu/ac------ ----bu/ac----

Gold ND 43 95 22 53.8 44.2 19.1 134 291 213 20.5
Carter 47 95 22 54.0 43.8 20.0 104 276 19.0 19.3
Omega 48 96 20 54.1 43.9 19.0 12.2 25.2 18.7 18.8
AAC Bright 49 96 20 52.1 45.0 20.1 134 242 188 19.2
ND Hammond 47 95 20 53.1 42.8 19.2 11.3 272 193 19.2
York 47 95 20 53.3 42.8 20.6 11.0 26.6 1838 19.4
Bison 46 95 21 53.6 42.9 e - 22.6 - a
Webster 49 96 20 53.4 44.5 22.2 114 271 193 20.2
CDC Neela 48 95 22 52.9 432 22.7 12.2 29.0 206 213
AAC Marvelous 49 95 20 53.2 44.7 -- 10.9 28.4 19.7 -
CDC Rowland 49 96 21 53.4 43.8 -- 10.8 285 19.7 --
CDC Dorado 46 94 21 53.0 44.0 17.9 9.2 25.8 17.5 17.6
CDC Glass 48 a5 21 52.3 43.0 19.7 8.6 284 185 18.9
CDC Kernen 48 95 24 53.4 43.6 -- -- 31.5 - -
Trial Mean 48 a5 21 53.4 44.1 211 11.3 28.1 - -
V% 2.5 0.8 6.8 0.4 2.2 10.9 244 123 - -
LSD 0.05 2 1 2 0.3 1.3 3.7 NS 4.8 - --
LSD 0.10 1 1 1 0.2 1.0 3.1 NS 3.7 - .
Planting Date: May 1, 2023

Harvest Date:

August 18, 2023

Previous Crop: Oat Hay
No Lodging observed
Oil content reported on 9% moisture basis

12023 crop hailed out so previous 2 years were used in averages



2023 Glen Ullin Barley - Recrop Dickinson, ND

Seeds _Average vield |

per Test % e Grain Yield------ 2 3

Variety Pound KWT Weight Plump Protein 2021 2022 2023 Year Year
g/1000 Ibs/bu  >6/64 % bu/ac--—------ ----bufac----

Six Row
Tradition 12,168 373 47.1 92 9.9 65.5 41.0 433 422 499
Two Row
AAC Connect 10,306 443 45.5 96 8.6 = 62.1 55.0 586 -
AAC Synergy 9,907 46.0 46.2 97 9.1 746 569 63.1 600 64.8
ABI Cardinal 10,437 438 473 97 8.0 80.6 683 613 648 70.1
Brewski 9,996 45.5 46.4 97 8.1 69.6 740 575 658 67.0
ND Genesis 10,246 445 47.2 96 81 720 676 629 653 67.5
ND Treasure 12,243 37.0 45.5 92 8.6 - - 62.9 - -
Trial Mean 10,645 43.1 46.4 95 8.6 69.1 60.7 65.7 - -
V% 2.6 2.5 0.8 0.7 5.3 11.3 83 13.7 - -
LSD 0.05 334 1.3 0.5 1 0.6 115 7.4 11.2 - -
LSD 0.10 257 1.0 0.4 1 0.4 9.5 6.1 9.9 - -

Planting Date: May 3, 2023

Harvest Date: August 17, 2023

Seeding Rate: 1.2 million live seeds/ac

Grain protein percentages reported on a 0% moisture basis



|2023 Glen Ullin Spring Wheat - Recrop Dickinsen, ND|

Seeds e Grain Yield--------- Average Yield
per Test TR
Variety Pound KWT Weight Protein 2021 2022 2023 Year Year
g/1000 Ibs/bu % --—---—bu/ac---——- —-bufac--—--

AP Gunsmoke CL2 12,747 35.5 60.5 10.2 - - 40.5 - -
Ascend-SD 14,468 315 61.8 10.3 - 43.7 42.6 43.2 -
Brawn-5D 13,304 34.0 61.8 9.8 - - 379 - 2
CAG-Reckless 13,578 335 61.8 10.8 - - 39.7 - -
CP3322 15,230 29.8 60.6 9.6 - - 44.9 - -
LCS Ascent 14,057 32.3 61.1 10.5 - 40.3 45.7 43.0 -
LCS Boom 13,418 33.8 61.0 10.8 - - 37.5 - -
MN Rothsay 13,769 33.0 61.3 11.1 - 48.3 38.8 435 -
MS Charger 12,705 35.5 60.8 9.7 - - 42.8 - e
ND Frohberg 12,375 37.0 61.5 11.6 40.4 36.4 35.0 35.7 37.3
ND Heron 13,473 33.8 60.9 11.6 - 39.2 351 37.1 -
ND Thresher 14,810 30.8 59.9 10.9 - 34.1 33.4 33.7 -
TCG-Teddy 13,313 34.0 60.0 10.9 - -- 38.0 - -
Trial Mean 13,634 34.4 61.0 10.6 41.2 41.4 39.4 - -
V% 2.3 2.6 0.4 2.7 8.2 10.1 6.6 - -
LSD 0.05 371 1.0 0.3 0.3 4.9 6.0 31 - -
LSD 0.10 287 0.8 0.2 0.3 4.1 5.0 2.4 — -
Planting Date: May 3, 2023
Harvest Date: August 17, 2023

Seeding Rate: 1.2 million live seeds/ac



2023 Oat - Recrop

Dickinson, ND|

Days Seeds e Grain Yield--------- Average Yield'
to per Plant Test 2 3
Variety Head  Pound KWT Height Weight 2020 2021 2023 Year Year
g/1000 in Ibs/bu bu/ac ----bu/ac----
AAC Douglas 54 11,735 38.8 37 37.2 == = 1724 = =
Beach 54 11,178 40.5 39 40.3 90.3 184 1231 70.7 77.3
Cs Camden 57 11,230 40.8 36 36.5 98.5 15.3 161.2 88.2 91.7
Deon 57 12,853 35.5 36 38.7 94.5 18.5 1323 75.4 81.8
Endure 58 10,974 41.8 39 38.1 -- - 175.5 - =
HiFi 57 13,467 33.8 39 38.8 933 136 1451 79.3 84.0
Jury 56 13,201 34.8 38 37.7 93.6 27.5 1383 82.9 86.5
Killdeer 57 12,812 355 35 374 1025 21.7 1493 85.5 91.2
Leggett 57 12,081 37.8 35 39.6 885 156 1516 83.6 85.2
MN Pearl 58 12,064 38.0 37 38.0 - - 155.3 - -
ND Carson 57 11,495 39.8 35 38.6 1006 224 1538 88.1 92.2
ND Crema 60 17,564 26.0 39 45.4 53.6 3.2 95.7 49.4 50.8
ND Heart 56 12,775 35.5 37 38.5 93.0 25.1 1243 74.7 80.8
ND Spilde 58 12,329 37.0 40 37.0 91.9 25.1 1272 76.2 81.4
Newburg 59 11,477 39.5 37 386 1013 16.0 16038 88.4 92.7
Otana 57 14,016 32.8 43 38.9 94.5 17.0 1220 69.5 77.8
Paul 60 17,906 25.5 38 423 62.3 9.5 1075 58.5 59.8
Rockford 57 13,768 33.0 38 393 90.5 17.1 1319 74.5 79.9
SD Buffalo 56 11,353 40.0 37 399 == = 146.5 = =
Trial Mean 57 12,195 37.9 38 38.8 91.3 20.2 139.2 = =
V% 1.8 5.2 5.4 7.0 1.3 7.9 30.5 9.4 - -
LSD 0.05 2 745 2.4 3 0.6 10.1 8.6 15.3 - -
LSD 0.10 1 579 1.9 2 0.5 84 7.2 11.9 -- --

Planting Date:
Harvest Date:

April 28, 2023
August 15,2023

Previous Crop: Sudan hay

Seeding Rate: 1 million live seeds/ac
'2023 crop hailed out so previous 2 years were used in averages




2023 Field Pea - Recrop

Dickinson, ND

Days Days 1000 Seeds ___ﬁ\ig_r_a_gg_y_ig_lg___

to to Seed per Plant Test --Grain Yield-- 2 3

Variety Brand Flower Mature Weight Pound Height wWeight Protein 2021 2022 2023 Year Year
gm in Ibs/bu % ——---—-bu/ac-------- --bu/ac--

Yellow Types
DS Admiral Pulse USA 44 82 119 3,837 16 65.2 26.8 16.3 43.8 24.2 34.0 28.1
Agassiz Meridian Seeds 44 84 115 3,959 20 65.9 26.2 14.8 41.8 27.7 34.8 28.1
CDC Amarillo Meridian Seeds 47 84 112 4,050 18 66.0 26.3 14.0 39.1 28.8 34.0 27.3
ND Dawn NDSU 45 83 114 4,012 14 65.3 25.9 16.1 39.9 23.2 31.6 26.4
AAC Profit Premier Genetics a7 85 118 3,851 19 66.2 28.2 - - 39.0 - -
EP_6816 Equinom 46 83 108 4,234 17 64.6 27.5 - - 27.8 - -
EP 8272 Equinom 44 84 117 3,895 18 65.7 27.4 - - 23.8 - -
EP_8971 Equinom 47 85 126 3,608 19 66.8 28.2 - - 21.7 - --
CDC Inca Meridian Seeds 47 82 103 4,403 20 66.0 26.4 16.3 41.4 27.3 34.4 283
CDC Spectrum Meridian Seeds 47 84 115 3,969 18 65.7 27.4 15.1 39.3 31.4 35.4 28.6
MS GrowPro Meridian Seeds 46 85 143 3,180 20 67.4 27.7 14.6 31.9 28.9 30.4 25.1
MS Prostar Meridian Seeds 47 85 121 3,767 22 66.7 26.6 - - 31.5 - -
AAC Beyond Meridian Seeds 45 82 105 4,309 13 65.9 26.3 - - 36.1 - -
CPB222Y CROPLAN 42 85 135 3,386 17 65.7 28.5 - 41.2 27:9 34.5 -
CP5244Y CROPLAN 44 84 109 4,169 15 65.8 26.4 3 39.6 25.7 32.7 2
PRO 173-7406 ProGene 42 83 118 3,858 17 65.4 25.6 = e 25.3 = 22
183-6422 ProGene 45 84 130 3,985 19 65.7 26.9 35 = 23.3 = =
093-7410 ProGene 43 84 112 4,062 17 65.4 24.9 - - 32.4 = =
PRO 6220 ProGene 46 83 108 4,221 18 64.6 27.2 -- - 275 - --
203-7310 ProGene 43 82 118 3,844 14 65.1 25.7 -- - 27.2 - --
AAC Julius Valesco Genetics 46 84 112 4,049 20 66.3 26.7 15.5 45.2 336 39.4 314
1814 NDCISA 47 85 130 3,510 17 66.6 27.3 - == 27.0 - ==
PS17100008 NDCISA 43 82 114 4,003 11 64.7 25.9 - == 24.9 - ==
PS17100022 NDCISA 46 84 124 3,686 20 66.8 25.2 - - 30.6 - -
Orchestra Premier Genetics 44 82 130 3,518 17 65.9 28.9 - - 25.3 - -
PG Cash Premier Genetics 45 85 113 4,065 21 65.8 27.4 - - 35.2 - -
Green Types
Aragorn Pulse USA 42 80 105 4,346 11 629 27.4 11.4 34.6 21.6 28.1 225
Arcadia Pulse USA 44 82 111 4,099 16 65.2 27.0 14.8 40.6 25:5 33.1 27.0
CDC Striker Pulse USA 47 84 112 4,046 16 66.2 284 14.8 43.7 22.6 33.2 27.0
ND Victory NDSU 47 85 95 4,818 22 65.9 26.2 - 32.0 24.5 28.2 -
PG8318 Premier Genetics 49 85 109 4,180 24 67.0 24.9 . - 33.0 . -
Trial Mean 45 83 116 3,965 17 65.8 26.8 14.3 39.3 27.9 - -
CV% 1.5 2.0 8.4 10.3 16.2 1.0 21 17.6 9.8 9.1 - -
LSD 0.05 1 2 11 479 3 0.8 07 3.5 55 2.3 - -
LSD 0.10 1 2 9 372 3 0.6 0.5 2.9 4.6 2.0 - 22

Planting Date: May 3, 2023

Harvest Date: August 2, 2023
Previous Crop: cover crop forage
Seeding Rate: 325,000 live seeds/ac
Grain protein percentages reported on 0% moisture basis



2023 Hard Red Spring Wheat - Recrop Dickinson, ND|

Days Seeds e Grain YieId———————____A\_/_e_r_gg_c—:-__\[i_gl_qf___
to per Plant Test 2 3
Variety Head Pound KWT  Height Weight Protein 2020 2021 2023 VYear Year
g/1000 in Ibs/bu % bu/ac ----bu/fac----
AAC Concord 52 12,244 37 25 58.3 136 435 198 463 330 36.5
AAC Starbuck 53 11,850 39 25 61.2 13.8 - - 51.3 - -
AP Gunsmoke CL2 52 11,837 39 21 60.2 13.7 458 227 530 379 40.5
AP Murdock 52 13,586 34 19 58.5 148 420 159 416 288 33.2
AP Smith 53 12,592 36 22 60.9 13.9 438 195 531 363 38.8
AR3530 54 12,973 35 24 59.8 12.9 444 198 525 36.1 38.9
AR3915 53 12,846 35 21 62.0 14.7 445 21.7 463 34.0 37.5
Ascend-SD 52 15,087 30 22 60.6 13.4 -- 20.2 486 34.4 --
Bolles 54 12,298 37 26 60.2 14.9 386 143 457 30.0 32.9
Boost 54 11,845 38 24 60.4 15.2 - - 45.6 - =
Brawn-SD 52 12,820 35 21 61.6 12.8 - - 50.1 - -
CAG-Justify 53 13,700 33 24 58.6 11.9 - 161 612 387 -
CAG-Reckless 51 13,099 35 22 61.2 14.7 == 19.0 455 32.2 =
CDC Landmark VB 53 12,251 37 22 61.0 15.1 -- - 47.2 - --
CP3099A 55 11,725 39 23 59.3 12.0 -- 126  54.7 33.6 --
CP3188 53 13,429 34 24 58.9 11.9 e 244 543 394 =
CP3322 54 15,737 29 24 60.7 11.4 - - 62.5 - -
Dagmar 50 11,313 40 22 60.6 142 448 223 508 366 39.3
Driver 53 13,090 35 25 61.1 135 454 21.0 465 337 37.6
Elgin-ND 50 12,805 35 24 60.2 142 438 184 504 344 375
Glenn 51 13,054 35 24 62.3 146 373 196 456 326 34.2
Lang-MN 54 13,618 34 22 60.4 13.8 426 183 510 34.7 373
Lanning 53 12,217 37 21 59.2 14.4 444 194 474 334 37.1
LCS Ascent 48 13,321 34 24 60.9 13.4 -- - 543 - --
LCS Boom 49 12,338 37 22 61.2 14.5 - -- 46.5 -- -
LCS Buster 55 13,612 33 25 59.3 11.0 522 122 596 359 413
LCS Cannon 49 12,889 35 23 60.4 122 444 210 543 377 39.9
LCS Dual 51 12,879 36 21 60.8 13.3 - - 489 - -
LCS Hammer AX 52 12,933 35 22 59.5 13.9 - - 49.8 - -
LCS Trigger 56 14,238 32 23 60.6 12.0 51.6 14.7 54.1 34.4 40.1
MN Rothsay 54 13,966 32 20 60.9 13.7 43.3 20.7 514 36.0 384
MN Torgy 52 12,628 36 22 60.6 13.7 454 173 534 35.4 38.7
MS Charger 50 12,436 36 22 60.1 12.5 -- - 52.7 - --
MS Cobra 51 12,871 35 21 60.5 14.9 - 203 457 330 -
MS Ranchero 54 13,620 34 24 60.0 121 475 193 594 393 42.1
ND Frohberg 52 11,825 38 24 60.1 149 412 168 442 305 34.1
ND Heron 49 13,079 35 25 60.2 15.3 40.2 22.0 452 33.6 35.8
ND Thresher 54 14,314 32 21 59.0 13.8 -- 17.7 463 32.0 --
ND VitPro 51 12,659 36 23 61.5 15.0 389 192 429 31.1 33.7



11

PFS Buns el 14,090 32 23 59.4 11.6 -- 5.0 57.4 31.2 --
Shelly 54 13,574 33 20 60.8 13.7 - - 51.6 == =
SY 611 CL2 52 12,502 36 19 62.3 14.0 442 208 494 351 38.1
Sy Ingmar 54 12,857 35 23 62.0 143 433 162 498 330 36.4
SY Longmire 54 12,029 38 21 61.1 15.4 43.0 150 451 30.1 344
SY McCloud 51 11,584 39 21 60.7 146 399 169 415 292 32.8
Sy Valda 53 11,854 39 21 60.2 13.3 466 155 556 355 39.2
TCG-Heartland 50 11,612 39 18 61.7 14.5 41.0 156 438 29.7 335
TCG-Spitfire 54 11,654 39 20 61.1 13.3 47.7 13.0 53.1 330 37.9
TCG-Teddy 53 11,499 40 20 61.1 13.9 - - 50.6 - -
TCG-Wildcat 54 11,655 39 21 61.2 141 473 19.0 50.5 347 38.9
WB 9590 50 11,590 39 19 59.7 14.6 - 198 441 319 -
WB 9606 53 12,432 37 21 61.3 13.2 -- - 451 - --
WB 9719 53 11,444 40 21 63.0 13.3 == - 52.9 s =
Trial Mean 52 12,773 36 22 60.5 13.8 433 179 4938 e sz
V% 1.8 4.1 43 8.8 0.8 6.0 7.6 209 103 - -
LSD 0.05 1 618 1.8 2 0.5 1.0 46 5.2 6.0 - -
LSD 0.10 1 481 1.4 2 0.4 0.8 3.8 4.4 4.7 - --
Planting Date: April 26, 2023

Harvest Date:

August 11, 2023

Protein adjusted to 12% moisture

12023 crop hailed out so previous 2 years were used in averages
Previous Crop: Sudan hay
Seeding Rate: 1.2 million live seeds/ac




Biological Effects from Drought on Perennial Grasses of the
Northern Mixed Grass Prairie

Llewellyn L. Manske PhD
Scientist of Rangeland Research
North Dakota State University
Dickinson Research Extension Center
Report DREC 23-1200

Drought conditions have been an abiotic environmental factor on grasslands since their beginning.
Periods with rainfall shortage are normal weather conditions for Northern Plains Grasslands. Droughts have
reoccurred at irregular intervals during 15% of the past 131 growing seasons, 1892 to 2022, in the mixed grass
prairie. Droughts can create serious forage deficiency problems for livestock producers if some mitigating
preparations have not been performed. Drought growing seasons do not have to be repeating disasters.

Frequency of Water Deficiency

Long-term precipitation records for 131 years (1892-2022) for western North Dakota show that the 6
month perennial plant growing season, mid April to mid October, rarely has adequate rainfall during each
month. Only 6% of the growing seasons on record have occurred without water deficiency, that amounts to
only 3 growing seasons that did not have water problems in a 50 year period (Manske 2011a, 2023a).

The typical 6 month perennial plant growing season has an average of 2 months, or 32% of the period
has water deficiency as determined by the ombrothermic graph technique reported by Emberger et al. (1963).
Two months with water deficiency should be considered as the normal perennial plant growing season for the
Northern Plains. The frequency of water deficiency occurrence is not distributed evenly across the growing
season months. Frequency of water deficiency has occurred 15% in April, 14% in May, 10% in June, 37% in
July, 50% in August, 50% in September, and 46% in October (table 1). Water deficiency occurs frequently
during growing season months on the mixed grass prairie because the evapotranspiration demand is commonly
greater than the amount of precipitation received.

Normal and Wet Growing Seasons

Normal rainfall for an area is between 125% and 75% of the long-term mean (LTM). In western
North Dakota, normal rainfall has occurred during 67% of the past 131 growing seasons (table 2). Rainfall
greater than 125% of LTM (wet) has occurred during 18% of the growing seasons (table 2). The greatest
growing season rainfall was 225% of LTM during 1941 (Manske 2011a). Most, 85%, of the past 131 growing
seasons have received rainfall at 75% or greater of LTM (table 2).

Frequency of Droughts

Drought conditions have occurred during 15% of the past 131 growing seasons in western North
Dakota and received rainfall at less than 75% of LTM, which is a rate of about 2 drought growing seasons
every 13 years. Most of the growing seasons with drought conditions are considered to be moderate, with
precipitation at less than 75% but greater than 50% of LTM. Moderate drought conditions have occurred
during 12% of the growing seasons (table 2), at a rate of about 1 moderate drought every 8 years.

Severe droughts are usually wide spread and have occurred during 3% of the past 131 growing
seasons in western North Dakota (table 2). The rainfall received is at less than 50% of LTM, and have
occurred at a rate of about 1 severe drought every 29 years. Western North Dakota has experienced severe
droughts during 1919, 1934, 1936, and 1988. With 1936 the most severe, receiving only 29% of LTM
(Manske 2011a).
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Physiological Effects from Water Stress on Grasses

Water received as precipitation is essential for the maintenance of the rigidity of plant tissue and for
cell enlargement and growth in grass plants (Brown 1995). The physiological and ecological status of grass
plants is determined by the balance between rainfall and evapotranspiration. The higher the soil temperature,
the greater the evapotranspiration demand. Increased grass tiller density and greater litter cover can lower soil
temperature. Poor management reduces soil water holding capacity, and during the long periods between rain
events, the amount of soil water decreases below the potential evapotranspiration demand resulting in a water
deficiency (table 1) in which plants are unable to absorb adequate quantities of water to match the transpiration
rate of water loss putting the grass plants in water stress.

According to Brown (1995), early stages of water stress slow shoot and leaf growth. Leaves show
signs of wilting, folding and discoloration. Tillering and new shoot development decrease. Root production
may increase during the initial stages. Senescence of older leaves accelerates. Rates of cell wall formation,
cell division, and protein synthesis decreases. As water stress increases, enzyme activity declines and the
formation of necessary compounds slows or ceases. The stomata begin to close; this reaction results in
decreased rates of transpiration and photosynthesis. Rates of respiration and translocation decrease
substantially with increases in water stress. When water stress becomes severe, most functions nearly or
completely cease and serious damage occurs. Leaf and root mortality induced by water stress progresses from
the tips to the crown. The rate of leaf and root mortality increases with increasing stress. Water stress can
increase to a point that is lethal, resulting in damage from which the plant cannot recover. Plant death occurs
when meristems become so dehydrated that cells cannot maintain cell turgidity and biochemical activity.

Perennial grass plants have only rudimentary processes to slow the rate of decline from water stress.
Perennial grass plants have not developed drought defense mechanisms, like complete summer dormancy as
resistance to insufficient available soil water.

Drought is Not Just Low Rainfall

The precipitation shortage during drought conditions is generally assumed to be the sole cause for the
reduction in herbage production and for the accompanying calamities. Because rainfall cannot be increased on
demand, it is commonly presumed that nothing can be done ahead of a drought to mitigate the detrimental
impacts. Consequently, it is usually concluded that there is no other recourse than to improvise high-cost,
makeshift, emergency schemes to get through the climatic hard times. Despite these common assumptions, by
implementation of simple management practices that are designed to increase the quantity of mineral nitrogen
above 100 lbs/ac, improve grassland ecosystem health, and to fully activate the biological and ecological
processes and mechanisms; drought conditions do not have to be reoccurring disasters.

Low rainfall is the most obvious detrimental factor. However, the additional factors of higher soil
temperature and greater soil evapotranspiration rates, deteriorating soil structure, decreasing soil organism
activity, reduced grass plant size and density, and reduction of ecosystem health status, also negatively affect
forage production. If the reduction in the quantity of rainfall were the only factor causing decreased forage
production, the percent reduction in forage below normal levels would be the same percentage as the reduction
in precipitation.

Forage production on grasslands managed with traditional or gimmicky grazing management
practices is usually reduced by more than double the percent reduction in precipitation. The other most
important cause for reduction in forage production greater than the percent reduction in precipitation is the
low quantity of available mineral nitrogen in the soil.

Wight and Black (1972) were able to determine that the minimum quantity of 100 lbs of available
mineral nitrogen per acre was required in order to sustain forage production at the biological potential level for
grasslands in the Northern Plains.



Manske (2009a, 2010a, b, 2011b) found that two of the major internal grass growth mechanisms; the
compensatory physiological processes that facilitate the replacement of defoliated leaf and stem biomass, and
the asexual processes of vegetative reproduction that produce secondary tillers from axillary buds,
also required 100 Ibs/ac of available mineral nitrogen to be functionally activated.

Problems from Low Mineral Nitrogen

The inhibitory deficiencies of low mineral nitrogen on grasslands managed with traditional practices
are notorious for causing the observed low herbage production (Goetz et al. 1978) during normal precipitation
growing season. Wight and Black (1979) found that grasslands that had less than 100 lbs of available mineral
nitrogen negatively affected the grass water use efficiency mechanisms and caused the weight of herbage
produced per inch of precipitation received to be reduced an average of 49.6% below the weight of herbage
produced per inch of precipitation on grassland ecosystems that had 100 Ibs/ac or greater of available mineral
nitrogen.

Reductions in mineral nitrogen limit herbage production more often than deficient water in temperate
grasslands (Tilman 1990). Traditionally managed grasslands have below normal (<100lbs/ac) available
mineral nitrogen during the entire growing season (table 3) and cause reduced herbage production even during
nondrought growing seasons. During drought conditions, both low mineral nitrogen and low soil water are
major contributing factors causing the rate of reduced herbage production to be greater than the percentage of
reduction in rainfall, usually greater than double the loss of precipitation.

Intact (never plowed) grassland soils in the Northern Plains are not deficient in nitrogen. Grassland soils
contain between 3 to 8 tons, with most grasslands at 5 to 6 tons of organic nitrogen per acre. Application of
supplemental nitrogen fertilizer or interseeding of alfalfa are never needed on intact grasslands (Manske 2018).

Organic nitrogen, however, is not available for autotrophic plant growth. Plants can use only inorganic
nitrogen. The organic nitrogen must be transformed into mineral nitrogen by soil microbes. The problem of low
quantities of available mineral nitrogen in traditionally managed grasslands is actually a deficiency in the biomass of
rhizosphere microbes. This deficiency in biomass of soil microbes exists in grasslands because the microbes require
an external source of short chain carbon energy. The microflora trophic level (bacteria and fungi) are
achlorophyllous and cannot capture their own carbon energy. In addition, grass plant natural carbohydrate leakage
from their roots is very low (Manske 2011Db).

A second problem in acquiring carbon energy from an external source is that perennial grasses do not store
surplus carbohydrates like most other plants but slowly burn the surplus quantities during night respiration. The
exception is that grasses do store carbohydrates during the winter hardening period of mid August to hard frost for
use during the winter dormancy inactive period. A serious problem of winter kill occurs on grasslands with low
health or heavily fall grazed grasses because August and September have both experienced water deficiency
conditions during 25% of the past 131 growing seasons (Manske 2011a, 2023a).

The only large source of surplus fixed carbohydrates in native grasslands is in the second year grass lead
tillers at vegetative growth stages between the 3.5 new leaf stage and the flower stage during 1 June to 15 July.
Transference of these surplus carbohydrates from the grass lead tillers into the rhizosphere zone surrounding the
grass roots must occur by intentional management of the exudation process that can be activated by partial
defoliation by grazing graminivores that remove only 25% to 33% of the aboveground grass tiller biomass during
vegetative growth stages (Manske 2018). The availability of this external short chain carbon energy in the
rhizosphere permits the microbes to increase in biomass and activity. It usually requires three growing seasons after
a biologically effective twice-over rotation grazing strategy has been implemented in order to build the rhizosphere
microbe biomass to around 216 kg/m® (964 tons/ac) which is large enough to transform 100 Ibs/ac of mineral
nitrogen (Manske 2023b).

Recovery Rate After Droughts

Recovery of grasslands following the severe drought conditions of 1936, that had growing season
precipitation at less than 50% of LTM, required 4 years with greatly reduced stocking rates for heavily stocked
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traditional grazing practices that had low health conditions, and it required 2 years with reduced stocking rates for
moderately stocked traditional grazing practices that had moderately healthy conditions (Whitman et al. 1943).
Recovery of grasslands following the severe drought conditions of 1988, that had growing season precipitation at
less than 50% of LTM, required less than 1 year with very little reduction in stocking rates for the biological
effective twice-over rotation grazing strategy (Manske 1989, 1990).

Recovery of grasslands following moderate drought conditions, that had growing season precipitation at
greater than 50% but less than 85% of LTM, required 1 year with reduced stocking rates for moderately stocked 6.0
m and 4.5 m seasonlong grazing practices that had moderately healthy conditions (table 3). Recovery of grasslands
following moderate drought conditions, required less than 1 growing season with no reduction in stocking rates for
the twice-over rotation grazing strategy that had healthy conditions (table 3).

Grasslands can be Mitigated for Drought

After the twice-over rotation strategy has been implemented and the rhizosphere microbe biomass have
built up to be able to transform 100 Ibs/ac of mineral nitrogen and the ecosystem is functioning at a healthy
condition, the carrying capacity of the grassland will convert to 140% of the seasoning stocking rate. Grasslands
managed with the twice-over system can dependably carry this higher stocking rate during normal, wet, and
moderate drought, which is 97% of the growing seasons. Worrying about having enough summer forage for the cow
herd is a thing of the past. The disruptive flexible stocking rate contrivance can be permanently eliminated from
grazing plans. Stocked at 140% of the seasonlong rate, the grassland ecosystem will continue to improve during
normal and wet growing seasons. Depending on the degree of dryness during the moderate drought growing
seasons, the ecosystem may regress, but will fully recover the following season. About 3% of the growing seasons
have severe drought conditions. The twice-over system has only experienced severe drought one time during 1988.
We ended the grazing season a little early that year and fed hay, but were fully stocked the following year. The
availability of 100 Ibs/ac or greater mineral nitrogen transformed by a large biomass of rhizosphere microbes is the
primary factor that permits the increased stocking rate and the ecosystems resistance to reduced rainfall periods
(Manske 2018).

Hayfields are Not Mitigated for Drought

Multigenerational livestock agricultural families have experienced moderate and severe drought growing
seasons. It is inevitable that during low rainfall growing seasons there will be a shortage of hay. Perennial
domesticated grass hayfields have low soil microbe biomass. Alfalfa hayfields require high soil water in order for
the rhizobium to function effectively. Both types of hayfields are not grazed at proper phenological growth stages
and will have reduced production during moderate drought growing seasons and almost no production during severe
drought growing seasons. Normal and wet growing seasons occur during 85% of the growing seasons to prepare a
reserved hay supply for 15% of the growing seasons with low precipitation (table 2). Baled hay that has moisture
will degrade anytime that it is not frozen. Baled hay older than 1 year will be too low in nutrients. About 10% to
12% of the hay forage produced during normal or wet growing seasons should be ensilaged or dehydrated into
pellets and stored until needed during low precipitation years. With this reserve of preserved stored hay, it should be
possible to maintain the good genetics in the cow herd intact without much increased expenses. At least, at much
less cost than to purchase and ship hay from a distance during every moderate or severe drought growing season.

Drought Mitigation Strategy

The biologically effective twice-over rotation grazing strategy coordinates partial defoliation grazing events
with grass phenological growth stages to activate the internal grass growth processes and the ecosystem
biogeochemical processes (Manske 2018). The twice-over system improves the health status of grassland
ecosystems increasing the ecosystems resistance to drought conditions. The increased rhizosphereorganism



biomass and activity increases the quantity of available mineral nitrogen above the 100 lbs/ac threshold. The four
major internal grass growth mechanisms and the ecosystem biogeochemical processes perform at full functionality.
The increased ectomycorrhizal fungi in the rhizosphere improve the structure of the soil by increasing the quantity
and depth of aggregations which increases the quantity of water infiltration and increases the water holding capacity
of the soil. The increased grass tiller density and increased litter cover shade the soil, lowering the soil temperature
and decreasing the rate of soil water loss through evapotranspiration (Manske 2011b). During growing seasons with
drought conditions, grasslands with 100 lbs/ac or greater available mineral nitrogen maintain better health conditions
which reduce the severity of the detrimental impacts caused by the reduced rainfall resulting in less reduction in the
herbage biomass production than on grasslands with moderate or low health conditions and high incurred economic
costs caused by traditional grazing practices that have mineral nitrogen available at less than 100 Ibs/ac (table 3).

Grasslands of the Northern Plains can be mitigated for drought conditions by implementing grazing
management that causes the vegetative grass lead tillers to exudate their surplus carbohydrates during 1 June to 15
July into the rhizosphere that increases the microbe biomass to be able to transform organic nitrogen into 100 Ibs/ac
or greater of mineral nitrogen which than enable the four major grass growth mechanisms to be activated and the
ecosystem biogeochemical processes to function at biologically potential levels that can then mitigate the
detrimental effects from drought conditions.
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Table 1. Periodicity of number and percent frequency of water deficiency occurring during perennial
plant growing season months, 1892-2022.

April May June July August September October
Number 19 18 13 48 65 66 60
Percent 15 14 10 37 50 50 46

Table 2. Number and percentage of growing seasons in four major categories of quantity of precipitation received in
relation to LTM for 131 growing seasons, 1892-2022, western North Dakota.

Severe Drought Moderate Drought Normal Wet

<50% of LTM >50-<75% of LTM >75%-<125% of LTM >125% of LTM
Number 4 15 88 24
Percent 3 12 67 18

Six month perennial plant growing season LTM precipitation is 14.5 inches



Table 3. Grazing treatment effects on quantity of mineral nitrogen available.

Healthy Status

Mineral Nitrogen

Management Treatment Ibs/ac Source
Low Health Grassland

<50 Ibs N/ac
Long-term Deferred 31.2 Manske 2009b
Long-term Seasonlong, Sandy soil 31.5 Manske 2013
Long-term Seasonlong, Shallow soil 33.1 Manske 2013
Long-term Seasonlong, Silty soil 46.6 Manske 2013
Moderately Healthy Grassland

50-75 Ibs N/ac
Long-term Seasonlong, Overflow soil 58.2 Manske 2013
Moderate Traditional 59.0 Wight and Black 1972
Moderate 6.0 m Seasonlong, Silty soil 61.2 Manske 2009b
Moderate 4.5 m Seasonlong, Silty soil 76.7 Manske 2009b
Healthy Grassland

>100 lbs N/ac
Twice-over rotation, Silty soil 177.8 Manske 2009b
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Degraded Grasslands Grazed at 94% and 70% Stocking Rate
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Most North American grasslands are at some level of degradation. Livestock grazing of grasslands is not
the cause of ecosystem degradation. The use of traditional and gimmicky grazing management practices that do not
meet the biological requirements of the grass plants and the soil microorganisms is the factor that can cause
grassland ecosystem degradation. The twice-over rotation grazing strategy is designed to coordinate partial grazing
defoliation events with grass phenological growth stages in order to meet the biological requirements of the grass
plants and soil microbes and activate the four internal grass growth mechanisms and the ecosystem biogeochemical
processes that increase the available mineral nitrogen to 100 Ibs/ac or greater which are necessary for full
functionality of grassland ecosystems, and it has the ability to restore degraded grassland ecosystems (Manske
2021). However, in order for this practice to work effectively, grazing graminivores must remove 25% to 33% of
the aboveground leaf and stem biomass by partial defoliation between the three and a half new leaf stage and the
flower stage which occurs each year between 1 June and 15 July (Manske 2018b).

Study Area

The study area was 1,988 acres (804.5 hectares) of mixed grass prairie on the BLM recreation area located
in eastern Stark country, western North Dakota. The area was a working cattle ranch prior to 1993. For 13 years,
between 1993 and 2005, cattle grazing was not permitted. As a result of this long-term nondefoliation management
by complete rest, the biological requirements of the native plants and soil microorganisms were not met. Grass
plants produced double the herbage biomass than needed for photosynthesis (Coyne et al. 1995), when this surplus
herbage was not removed by annual grazing, the standing dead and litter built up rapidly. The standing dead shaded
the lower leaves and greatly reduced the rate of photosynthesis, reducing carbohydrate supply, causing reduced
growth rates of leaves and roots. Increased litter develops into a thick mulch layer that reduces water infiltration,
prevents accession of organic nutrients to the soil, and modifies soil temperatures (Manske 2020). These problems
result in greatly reduced native plant density which creates large open spaces for invasion by introduced plants that
can exist under low light conditions (Peltzer and Kochy 2001). The largest increase was Kentucky bluegrass.
Kentucky bluegrass basal cover changed from 0.0% to 12.35% in 13 years of nondefoliation producing 1684.81
Ibs/ac of herbage before this grazing study started in the spring of 2006.

Precipitation

Perennial plant growing season (mid April to mid October) precipitation was low at a moderate drought
during 2006 and 2007, low normal during 2008 to 2010, and high normal during 2011. Precipitation was low
normal during 2018, high during 2019, low at a moderate drought during 2020, and normal during 2021 and 2022.

Management

This project was developed to test and evaluate the use of the biologically effective grazing management
strategy in the restoration of degraded mixed grass prairie plant species herbage biomass and basal cover. A three-
pasture twice-over rotation grazing management system was implemented with each pasture grazed two periods per
growing season. Each of the three pastures in the rotation was grazed for 14 to 16 days during the first period, the
45-day interval from 1 June to 15 July. The length of the first period on each pasture is the same percentage of 45
days as the percentage of the total season’s grazeable forage each pasture contributes. During the second period, the
90-day interval from 15 July to 14 October, each pasture was grazed for double the number of days it was grazed
during the first period (Manske 2018a). A fourth pasture was not grazed and was considered to be the control
treatment.
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Stocking rate assessment used current Ecological Site Maps to determine the AUM’s/ac for the three
grazed pastures with a total of 648 AUM’s available. With a grazing season of 4.5 months, the stocking rate of the
three pasture system had a total of 144 AU’s and a cow herd weight of 144,031 lbs. During the grazing seasons of
2006 to 2011, the mean cow herd weight of 136,095 Ibs grazed the three pastures at a 94% stocking rate. During the
grazing seasons of 2018 to 2022, the reduced mean cow herd weight of 100,822 1bs grazed the three pastures at a
70% stocking rate.

Permanent plots organized in a paired-plot design (equal areas of grazed and ungrazed at each site) were
developed as plant sample sites. A 16” X 32’ stock panel exclosure that prevented livestock access and an adjacent
area of equal size accessibility by livestock were used for the nondestructive sampling (ten-pin point frame) on silty
ecological sites in each of the four pastures. An additional area of similar size accessible by livestock was
established at each silty site for destructive data collection (herbage biomass clipping).

Vegetation Sampling Methods

During the grazing season, aboveground live and dead herbage biomass was collected monthly; May
through October, by the standard clipping method (Cook and Stubbendieck 1986). The herbage material from five
0.25 m? quadrats (frames) at each sample site was sorted in the field by biotype categories: domesticated grasses,
native grasses, upland sedges, and forbs, along with the dead categories of standing dead and litter. The herbage of
each biotype category from each frame was placed in labeled paper bags of known weight, oven dried at 140° F
(60° C), and weighed to determine herbage biomass in lbs/ac.

Plant species composition was determined during peak growth, during July and August, by the ten-pin
point frame method (Cook and Stubbendieck 1986), with 2000 points collected along permanent transect segments
both inside (ungrazed) and outside (grazed) combined each exclosure to determine percent (%) basal cover for each
plant species and then similar species were combined into biotype categories.

Results

Most of the mean total live herbage biomass during 2006 to 2011 was composed of domesticated grass at
82.4% on the nongrazed control treatment (table 1) and at 50.9% on the twice-over treatment (table 3). Most of the
mean total live herbage biomass during 2018 to 2022 was composed of domesticated grass at 77.9% on the
nongrazed control treatment (table 2) and at 81.0% on the twice-over treatment (table 4).

The mean domesticated grass herbage biomass on the nongrazed control treatment was 1754.60 Ibs/ac
(table 1). The twice-over treatment grazed at 94% stocking rate caused the mean domesticated grass herbage
biomass to decrease 51.7% to 847.25 lbs/ac (table 3), and later the twice-over treatment grazed at 70% stocking rate
caused the mean domesticated grass herbage biomass to increase 119.4% to 1858.45 Ibs/ac (table 4).

The mean domesticated grass basal cover on the nongrazed control treatment was 16.29% (table 7). The
twice-over treatment grazed at 94% stocking rate caused the basal cover to decrease 65.0% to 5.70% (table 9), and
later the twice-over treatment grazed at 70% stocking rate caused the basal cover to increase 272.6% to 21.24%
(table 10).

The domesticated grass biotype category was composed of mostly Kentucky bluegrass and small amounts
of smooth brome and crested wheat. During 2006 to 2011, the domesticated grass biotype category on the
nongrazed control treatment was composed of 99.93% Kentucky bluegrass, 0.07% smooth brome, and 0.0% crested
wheat (table 5) and on the twice-over treatment grazed at 94% stocking rate was composed of 96.74% Kentucky
bluegrass, 1.26% smooth brome, and 1.99% crested wheat (table 5).

During the 2018 to 2022, the domesticated grass biotype category on the nongrazed control treatment was
composed of 94.47% Kentucky bluegrass, 5.53% smooth brome, and 0.0% crested wheat (table 6) and on the twice-
over treatment grazed at 70% stocking rate was composed of 81.56% Kentucky bluegrass, 12.74% smooth brome,
and 5.70% crested wheat (table 6).
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The mean Kentucky bluegrass herbage biomass on the nongrazed control treatment was 1753.32 lbs/ac
(table 5). The twice-over treatment grazed at 94% stocking rate caused the Kentucky bluegrass biomass to decrease
53.3% to 819.65 lbs/ac (table 5), and later the twice-over treatment grazed at 70% stocking rate caused the Kentucky
bluegrass herbage to increase 8§4.9% to 1515.74 Ibs/ac (table 6).

The mean Kentucky bluegrass basal cover on the nongrazed control treatment was 16.28%. The twice-over
treatment grazed at 94% stocking rate caused the Kentucky bluegrass basal cover to decrease 66.0% to 5.54%, and
later the twice-over treatment grazed at 70% stocking rate caused the Kentucky bluegrass basal cover to increase
211.4% to 17.25%.

The twice-over treatment grazed at 94% stocking rate for six growing seasons reduced Kentucky bluegrass
herbage biomass 53.3% to 819.65 Ibs/ac and reduced the basal cover 66.0% to 5.54% basal cover. At this level, the
grassland was not a fully restored functional ecosystem. The twice-over treatment grazed at 94% stocking rate was
progressively improving the grassland ecosystem and should have continued for another four to five years to further
reduce the Kentucky bluegrass herbage biomass and basal cover.

The reduction of the Kentucky bluegrass was not caused by severe grazing to remove large quantities of
bluegrass plant material. Kentucky bluegrass has a long history of being grazed short and has developed highly
effective grazing defense mechanisms which are slightly better than the grazing defense mechanisms developed by
the native grasses of the northern plains. However, there are two mechanisms that are better in the native grasses
than in Kentucky bluegrass. These are the nutrient resource uptake and the water use efficiency mechanisms. The
reduction in the Kentucky bluegrass was caused by the increase in the native grass quantity and the improvement in
effectiveness of these two mechanisms that out competed the Kentucky bluegrass for soil nutrients and better water
use efficiency causing a deficiency of soil nutrients and soil water available to the Kentucky bluegrass plants
causing the reductions.

Unfortunately, the land owner considered that we had too many cattle that were impeding multi use quality
and restricting wildlife use resulting in a stocking rate reduction to 70%. The twice-over treatment grazed at 70%
stocking rate caused the Kentucky bluegrass herbage biomass to increase 84.9% to 1515.74 Ibs/ac (table 6) and the
basal cover to increase 211.4% to 17.25% basal cover. At this low stocking rate, the grazing livestock were not able
to activate adequate quantities of native grass tiller’s internal grass growth mechanisms and the ecosystem
biogeochemical processes by partial defoliation causing increased grassland degradation.

Native grass herbage biomass and basal cover data included both cool and warm season grasses primarily
composed of Western wheatgrass, Needle and thread, Green needlegrass, Prairie Junegrass, and Blue grama on the
twice-over treatments and Prairie sandreed and Green needlegrass on the nongrazed treatment. The mean native
grass herbage biomass on the nongrazed control treatment was 218.57 lbs/ac (table 1). The twice-over treatment
grazed at 94% stocking rate caused the mean native grass herbage biomass to increase 72.9% to 377.91 lbs/ac (table
3), and later the twice-over treatment grazed at 70% stocking rate caused the mean native grass herbage biomass to
decrease 60.4% to 149.72 lbs/ac (table 4).

The mean native grass basal cover on the nongrazed control treatment was 2.05% (table 7). The twice-over
treatment grazed at 94% stocking rate caused the mean native grass basal cover to increase 222.4% to 6.62% (table
9), and later the twice-over treatment grazed at 70% stocking rate caused the mean native grass basal cover to
decrease 33.7% to 4.38% (table 10).

The twice-over treatment grazed at 94% stocking rate for six growing seasons increased native grass
herbage biomass 72.9% to 377.91 lbs/ac (table 3) and increased basal cover 222.4% to 6.62% (table 9). At this
level, the grassland was not a fully functional ecosystem. The twice-over treatment grazed at 94% stocking rate was
progressively improving the grassland by increasing the quantity of native grasses. The increase in native grass was
just not the increase in herbage biomass and basal cover. The increase also included an increase in the four internal
grass growth mechanisms: the compensatory physiological growth, the vegetative reproduction by tillering, the
nutrient resource uptake, and the water use efficiency mechanisms. This increase in the grass growth mechanisms
was causing the reductions of the plants that had invaded the grassland during the thirteen years of no grazing.
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In order for grazing livestock to partially defoliate the native grasses they had to be able to reach them
which occurred when the twice-over treatment was grazed at 94% stocking rate because the Kentucky bluegrass had
the herbage biomass reduced 53.0% and the basal cover reduced 66.0%. The activation of the four internal grass
growth mechanisms requires that 25% to 33% of the native grass lead tiller aboveground herbage biomass be
removed by grazing between the three and a half new leaf stage and the flower stage on 60% to 80% of the native
grass lead tillers which was accomplished by the twice-over treatment grazed at 94% stocking rate but not by the
treatment grazed at 70% stocking rate.

The upland sedge herbage biomass and basal cover data include primarily Threadleaf sedge and a small
amount of Sun sedge. The mean upland sedge herbage biomass on the nongrazed control treatment was 26.70 1bs/ac
(table 1). The twice-over treatment grazed at 94% stocking rate caused the mean sedge herbage biomass to increase
1018.9% to 298.95 Ibs/ac (table 3), and later the twice-over treatment grazed at 70% stocking rate caused the mean
sedge herbage biomass to decrease to 34.6% to 195.46 lbs/ac (table 4).

The mean upland sedge basal cover on the nongrazed control treatment was 1.88% (table 7). The twice-
over treatment grazed at 94% stocking rate caused the mean sedge basal cover to increase 455.3% to 10.44% (table
9), and later the twice-over treatment grazed at 70% stocking rate caused the mean sedge basal cover to decrease
37.7% to 6.50% (table 10).

The twice-over treatment grazed at 94% stocking rate for six growing seasons increased upland sedge
biomass 1018.9% to 298.95 Ibs/ac and increased basal cover 455.3% to 10.44%. If the twice-over treatment grazed
at 94% stocking rate would have continued past six years, the upland sedge herbage biomass and basal cover would
also have continued to increase until the fifteenth growing season. At that time, the native grass increase would
have occupied the existing empty spaces of the grass plant community and then the native cool season grasses would
have started to out compete the upland sedge causing the sedge to decrease and the cool season grass to continue to
increase (Manske 2018b).

The forb herbage biomass and basal cover data include primarily white prairie aster, silverleaf scurfpea,
American vetch, and blue wild lettuce. The mean forb herbage biomass on the nongrazed control treatment was
128.77 lbs/ac (table 1). The twice-over treatment grazed at 94% stocking rate caused the mean forb herbage
biomass to increase 8.5% to 139.67 lbs/ac (table 3), and later the twice-over treatment grazed at 70% stocking rate
caused the mean forb herbage biomass to decrease 34.7% to 91.22 Ibs/ac (table 4).

The mean forb basal cover on the nongrazed control treatment was 0.44% (table 7). The twice-over
treatment grazed at 94% stocking rate caused the mean forb basal cover to increase 93.2% to 0.85% (table 9), and
later the twice-over treatment grazed at 70% stocking rate caused the mean forb basal cover to decrease 58.8% to
0.35% (table 10).

The twice-over treatment grazed at 94% stocking rate for six growing seasons caused small increases in
forb herbage biomass of 8.5% to 139.67 Ibs/ac and increased basal cover 93.2% to 0.85%. Most perennial forbs are
not grazed and produce little direct competition for grasses. Forb roots have little nutrient and water absorption
capacity in the upper soil levels. The presence of forbs in grasslands depends more on available open spaces for
them to occupy and whether the quantity of precipitation during April, May, and June was above or below the long-
term mean.

The twice-over treatment grazed at 94% stocking rate was progressively improving the degraded grassland
ecosystem. The twice-over treatment grazed at 94% stocking rate for six grazing seasons decreased Kentucky
bluegrass herbage biomass 53.0% to 823.44 lbs/ac and decreased basal cover 66.0% to 5.54%; increased native
grass herbage biomass 72.9% to 377.91 lbs/ac and increased basal cover 222.4% to 6.62%; increased upland sedge
herbage biomass 1018.9% to 298.95 1bs/ac and increased basal cover 455.3% to 10.44%; and increased forb herbage
biomass 8.5% to 139.67 lbs/ac and increased basal cover 93.2% to 0.85%. It would have taken several additional
grazing seasons for the twice-over treatment grazed at 94% stocking rate to fully restore this degraded grassland
ecosystem. Of the major possible multiple uses of grasslands; watershed, wildlife habitat, recreation, and livestock
grazing; grazing livestock is the only use that can be used to restore degraded grasslands (Manske 2020).
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Discussion

The twice-over treatment grazed at 70% stocking rate for five growing seasons undid all the beneficial
improvements that were accomplished by the twice-over treatment grazed at 94% stocking rate. The twice-over
treatment grazed at 70% stocking rate increased Kentucky bluegrass herbage biomass 84.9% to 1515.74 lbs/ac and
increased basal cover 211.4% to 17.25%; decreased native grass herbage biomass 60.4% to 149.72 lbs/ac and
decreased basal cover 33.7% to 4.38%; decreased upland sedge herbage biomass 34.6% to 195.46 lbs/ac, and
decreased basal cover 37.7% to 6.50%; and decreased forb herbage biomass 34.7% to 91.22 Ibs/ac and decreased
basal cover 58.8% to 0.35% basal cover. This extremely low 70% stocking rate caused further degradation to the
grassland ecosystem that increased the quantities of Kentucky bluegrass to be greater than, and decreased the
quantities of native grass, upland sedge, and prairie forbs to levels lower than this grassland had at the start of the
study in 2006.

Native grass plants produce double the leaf and stem biomass needed for photosynthesis and
normal growth and development (Coyne et al. 1995). This 50% portion of the grass weight is expendable by
the plant (Crider 1955). The surplus standing leaf material accumulates rapidly and changes from an asset to
a detriment if graminivores do not remove it annually by grazing. If not removed, the surplus biomass
causes shading that results in ecosystem degradation. When a grassland is managed by the biologically
effective twice-over rotation strategy, the surplus carbohydrates produced by vegetative lead tillers are
exudated through the roots into the rhizosphere and increase the biomass of the soil microbes. The larger
biomass of microbes can then transform organic nitrogen into mineral nitrogen at quantities greater than 100
Ibs/ac. When mineral nitrogen is available at 100 Ibs/ac or greater, the four internal grass growth
mechanisms of compensatory physiological growth, vegetative reproduction by tillering, nutrient resource
uptake, and water use efficiency mechanisms can be fully activated and are capable of increasing herbage
biomass production above that produced on traditional seasonlong treatments. As the herbage biomass
increases, the stocking rate should be increased at 10% per year until thestocking rate is 140% of the
seasonlong rate, which, has been the biological potential of the twice-over system in the Northern Plains.
The increase in stocking rate must match the increase in grass herbage biomass. Grasslands grazed at low
stocking rates below the level of increased herbage biomass develop problems. If the stocking rate remains
at 80%-100% of the seasonlong rates and the herbage biomass increasesto 140%, the surplus accumulating
standing leaf biomass shade the lower leaves, increasing the rate of leaf senescence that reduces the rate of
photosynthesis, causing a decrease in the supply of carbohydrates that results in a reduction in growth of
leaves and roots (Langer 1972, Briske and Richards 1995). Lack of grazing the increased surplus leaves
reduces native grass tiller densities by decreasing vegetative tiller development and increasing tiller
mortality through shading (Manske 1999). After a few years, the shading increases, the composition of
native grass species reduces, and the composition of shade-tolerant replacement species, like Kentucky
bluegrass increases. The only way to prevent this unwanted grass species change from happening is by
increasing the stocking rate as the rate of herbage biomass production increases.

Kentucky bluegrass is a commonly used lawn grass, however, it is not a desirable grass to have in a
grassland pasture. It requires double the quantity of water per pound of herbage biomass production than
native grasses. At any amount of growing season precipitation, Kentucky bluegrass tillers would produce
half the herbage biomass of the native grass tillers. Kentucky bluegrass starts spring growth early and
provides adequate quality of forage only during the early part of June and then it goes dormant during July
and August in the Northern Plains.

It takes several growing seasons, but by implementation of the twice-over rotation grazing strategy
grazed at 80% to 100% the seasonlong stocking rate, Kentucky bluegrass can be greatly reduced, and at the
same time native grass can be greatly increased by restoring the ecosystem biogeochemical processes and
activation of the four internal grass growth mechanisms after increasing the biomass and activity of the
rhizosphere microbes by removal of 25% to 33% of the aboveground biomass from 60% to 80% of grass
lead tillers with partial defoliation by grazing graminivores between the three and a half new leaf stage and
the flower stage which occurs each year during 1 June to 15 July.

The twice-over rotation grazing strategy cannot restore degraded grassland ecosystems
instantaneously, it usually requires about three years before the biomass of the rhizosphere microbes has
increased sufficiently to transform 100 Ibs/ac of mineral nitrogen. With 100 Ibs/ac of mineral nitrogen
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available, the herbage biomass can increase above the quantity of herbage produced on the same soil type
managed by traditional seasonlong treatments. The biological potential herbage biomass production in the
Northern Plains has consistently been 140% of the seasonlong herbage production. The total live herbage
biomass production before this grazing study started in 2006 was 1649.13 Ibs/ac. The herbage biomass
increased on the twice-over treatment grazed at 94% stocking rate and reached 2309.16 lbs/ac in 2011 which
was 140% greater than that before grazing started. The mean total live herbage biomass during 2018 to
2022 was 139% greater than that before grazing started.

This increase in total live herbage biomass is a great benefit on private land because of the increase
in livestock production. However, on federal grasslands, this 40% increase in live herbage biomass
becomes a problem because the cattle numbers cannot be increased to match the herbage increase. The
increased herbage biomass produced on federal grasslands managed with twice-over treatments becomes a
detriment by shading the desirable native grasses and permitting shade-tolerant grasses, like Kentucky
bluegrass, to increase. Cattle tend not to graze summer dormant Kentucky bluegrass. The increased dead
Kentucky bluegrass material build up into a thick mulch that reduces water infiltration, prevents accession
of organic nutrients to the soil, and modifies soil temperatures resulting in great reductions of the
belowground biogeochemical processes that are necessary for proper functioning of grassland ecosystems.
The only biological method to correct this degrading problem is to increase the livestock stocking rate to
match the increase in herbage biomass production.
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Table 1. Herbage biomass, Ibs/ac, on Nongrazed treatment on silty ecological site, 2006-2011.

Herbage 2006 2007 2008 2009 2010 2011 Mean
Domesticated 1833.85 1791.31 1320.16 1779.62 1468.69 2333.98 1754.60
Native Grass 132.32 236.81 142.46 304.91 283.71 211.22 218.57
Sedges 2591 22.27 20.29 49.44 30.48 11.82 26.70
Forbs 128.75 75.97 27.02 116.81 238.65 185.43 128.77
Total Live 2120.83 2126.36 1509.93 2250.78 2021.53 2742.47 2128.65
Table 2. Herbage biomass, Ibs/ac, on Nongrazed treatment on silty ecological site, 2018-2022.

Herbage 2018 2019 2020 2021 2022 Mean
Domesticated 2114.64 2229.41 2508.90 1835.14 1745.95 2086.81
Native Grass 604.19 514.39 113.59 330.64 415.67 395.70
Sedges 12.49 10.11 16.06 16.65 8.92 12.85
Forbs 162.94 228.35 180.19 231.33 107.64 182.09
Total Live 2894.25 2982.25 2818.72 2413.75 2278.17 2677.43
Table 3. Herbage biomass, lbs/ac, on Twice-over treatment grazed at 94% stocking rate, 2006-2011.

Herbage 2006 2007 2008 2009 2010 2011 Mean
Domesticated 936.07 1211.54 32231 575.16 713.96 1324.45 847.25
Native Grass 231.50 377.53 213.61 474.07 354.30 616.43 377.91
Sedges 272.66 260.14 275.87 407.71 315.30 262.01 298.95
Forbs 118.05 77.64 37.11 104.19 394.74 106.27 139.67
Total Live 1558.28 1926.85 848.90 1561.13 1778.30 2309.16 1663.77
Table 4. Herbage biomass, lbs/ac, on Twice-over treatment grazed at 70% stocking rate, 2018-2022.

Herbage 2018 2019 2020 2021 2022 Mean
Domesticated 1498.56 2218.40 1990.65 1615.71 1968.94 1858.45
Native Grass 188.22 205.05 123.99 111.80 119.53 149.72
Sedges 314.58 227.70 151.34 168.00 115.66 195.46
Forbs 73.44 101.10 115.07 78.20 88.31 91.22
Total Live 2074.79 2752.24 2381.05 1973.70 2292.44 2294.84
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Table 5. Herbage biomass (Ibs/ac) of domesticated grass components for Nongrazed and Twice-over treatments,

2006 to 2011.

Nongrazed 2006 2007 2008 2009 2010 2011 Mean
Kentucky bluegrass ~ 1833.85 1791.31 1320.16 1779.62 1468.69 2326.28 1753.32
Smooth brome 0.0 0.0 0.0 0.0 0.0 7.70 1.28
Crested wheat 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total 1833.85 1791.31 1320.16 1779.62 1468.69 2333.98 1754.60
Twice-over 2006 2007 2008 2009 2010 2011 Mean
Kentucky bluegrass ~ 858.10 1182.10 315.99 564.98 710.82 1285.91 819.65
Smooth brome 0.0 29.44 0.0 2.76 3.14 28.87 10.70
Crested wheat 77.97 0.0 6.32 7.42 0.0 9.67 16.90
Total 936.07 1211.54 322.31 575.16 713.96 1324.45 847.25

Table 6. Herbage biomass (Ibs/ac) of domesticated grass components for Nongrazed and Twice-over treatments,

2018 to 2022.

Nongrazed 2018 2019 2020 2021 2022 Mean
Kentucky bluegrass 2075.73 2091.86 2415.07 1713.47 1561.23 1971.47
Smooth brome 38.91 137.55 93.83 121.67 184.72 115.34
Crested wheat 0.0 0.0 0.0 0.0 0.0 0.0
Total 2114.64 222941 2508.90 1835.14 1745.95 2086.81
Twice-over 2018 2019 2020 2021 2022 Mean
Kentucky bluegrass 1250.25 1913.81 1664.18 1300.16 1450.32 1515.74
Smooth brome 166.94 222.95 202.25 208.10 383.75 236.80
Crested wheat 81.37 81.64 124.22 107.44 134.87 105.91
Total 1498.56 2218.40 1990.65 1615.71 1968.94 1858.45
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Table 7. Basal cover, %, on Nongrazed treatment on silty ecological sites, 2006-2011.

Basal cover 2006 2007 2008 2009 2010 2011 Mean
Domesticated 12.35 19.95 11.20 15.30 23.60 15.35 16.29
Native Grass 0.90 3.10 3.95 1.25 1.90 1.20 2.05
Sedges 2.00 2.20 1.90 2.35 1.75 1.05 1.88
Forbs 0.80 0.30 0.10 0.10 1.15 0.20 0.44
Total Live 16.05 25.55 17.15 19.00 28.40 17.80 20.66
Table 8. Basal cover, %, on Nongrazed treatment on silty ecological site, 2018-2022.

Basal cover 2018 2019 2020 2021 2022 Mean
Domesticated 21.70 22.70 18.70 19.60 20.80 20.70
Native Grass 3.30 2.50 2.20 0.50 1.40 1.98
Sedges 0.20 0.10 0.0 0.10 0.10 0.10
Forbs 0.30 0.20 0.30 0.60 0.60 0.40
Total Live 25.50 25.50 21.20 20.80 22.90 23.18
Table 9. Basal cover, %, on Twice-over treatment grazed at 94% stocking rate, 2006-2011.

Basal cover 2006 2007 2008 2009 2010 2011 Mean
Domesticated 4.80 5.36 4.08 6.20 6.88 6.88 5.70
Native Grass 2.55 8.65 6.80 7.60 7.65 6.45 6.62
Sedges 7.75 10.83 10.75 11.05 12.70 9.55 10.44
Forbs 0.45 0.43 0.20 0.45 3.05 0.50 0.85
Total Live 15.55 25.27 21.83 25.30 30.28 23.38 23.61
Table 10. Basal cover, %, on Twice-over treatment grazed at 70% stocking rate, 2018-2022.

Basal cover 2018 2019 2020 2021 2022 Mean
Domesticated 17.50 20.40 21.65 23.30 23.35 21.24
Native Grass 5.25 5.00 4.25 3.50 3.90 4.38
Sedges 8.85 6.60 5.70 6.45 4.90 6.50
Forbs 0.25 0.50 0.30 0.35 0.35 0.35
Total Live 31.85 32.50 31.90 33.60 32.50 32.47
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Low Herbage Production Caused by Traditional
Grazing Practices Can Be Corrected

Llewellyn L. Manske PhD
Scientist of Rangeland Research
North Dakota State University
Dickinson Research Extension Center
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Acquiring proficiency in the husbandry of livestock agriculture is a life-long apprenticeship, usually with
the primary basics learned from grandfather and father tutelage. However, correction of the problems caused by
traditional grazing practices requires basic science knowledge of the functionality of grassland ecosystems and of
the enhanced applied scientific grazing management of modern high performance livestock which were not
available to past mentors. As a consequence, the present administrators of grassland holdings within generational
livestock agricultural enterprises typically have greater difficulty with the paradigm shift from family traditional
grazing practices to applied scientific grazing management, than with the actual on the ground changes needed in
order to implement a biologically effective grazing strategy. Making the transition from long held traditional
grazing concepts is difficult, however, utilizing a biological effective grazing strategy has tremendous new
possibilities.

Native grasslands are not inherently low producers. Grasslands are biologically capable of herbage
production at greater quantities than the typical current levels of biomass when managed with traditional practices.

The reason native grasslands typically do not produce herbage at biologically capable levels is that all of
the traditional management practices in use are loosely guided by the observed changes in only the aboveground
vegetation. The omission of concern for the changes in the belowground components results in antagonistic effects
to the critical ecosystem biogeochemical processes and to the four major internal grass growth mechanisms causing
inhibitions of much of the potential herbage biomass production.

The greatest problem with these traditional practices is the inevitability of low quantities of available
mineral nitrogen. However, Northern Plains grasslands are not deficient in nitrogen. Intact (never plowed)
grasslands contain 5 to 6 tons/ac of organic nitrogen. Application of supplemental nitrogen fertilizer or interseeding
alfalfa exacerbate the conditions.

Organic nitrogen is not available for autotrophic plant growth. Plants can use only inorganic nitrogen. The
organic nitrogen must be transformed into mineral nitrogen by soil microbes. The problem of low quantities of
available mineral nitrogen in grasslands is actually a deficiency in the biomass of rhizosphere microbes. This
deficiency in biomass of soil microbes exists in grasslands because the microbes require an external source of short
chain carbon energy. The microflora trophic level (bacteria and fungi) are achlorophyllous and cannot capture their
own carbon energy. In addition, grass plant natural carbohydrate leakage from their roots is very low. This low
amount of carbon compound leakage is typically barely enough to sustain a small rhizosphere biomass of around 55
kg/m?® (245 tons/ac) that can transform only around 25 Ibs N/ac, which is much less than the required threshold

minimum level of available mineral nitrogen at 100 Ibs/ac or greater.
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The only large source of surplus fixed carbohydrates in native grasslands is in the grass lead tillers at
vegetative growth stages between the 3.5 new leaf stage and the flower stage during 1 June to 15 July. Grasses do
not store surplus carbohydrates like most other plants but slowly burn the surplus quantities during night respiration.
Grasses do store carbohydrates during the winter hardening period of mid August to hard frost for use during the
winter dormancy inactive period.

The only way to transfer the surplus carbohydrates from the grass lead tillers into the rhizosphere zone
surrounding the grass roots is by the exudation process that can be activated by partial defoliation by grazing
graminivores that remove only 25% to 33% of the aboveground grass tiller biomass during vegetative growth stages.
The availability of this external short chain carbon energy in the rhizosphere permits the microbes to increase in
biomass and activity. Conversion of management from traditional practices to biologically effective grazing
requires about three years to build the microbe biomass large enough to be able to transform 100 Ibs/ac mineral
nitrogen, which will require a microbe biomass at around 216 kg/m? (964 tons/ac). Annual partial defoliation
treatments by grazing graminivores must continue to maintain a high rate of microbe activity.

The second greatest problem with traditional grazing practices is the reduction of crude protein in grass
lead tillers during late July and remaining below lactating cow requirements from early August to the end of the
grazing season in mid October. The crude protein deficiency in grass lead tillers causes cow milk production to
decrease greatly and calf weight gains to drop below their genetic potential rates. These annual losses in animal
performance are costly.

This problem has a built in biological solution in Northern Plains grasslands. Perennial grasses
vegetatively produce new tillers by activated growth of axillary buds. Grass plants rarely use sexual reproduction
and the development of seedlings because seedlings cannot effectively compete with tillers. Each new leaf produces
an axillary bud. The axillary buds are inhibited from growth by the hormone, auxin, that is produced in the apical
meristem and young developing leaves. Partial defoliation by grazing graminivores that removes 25% to 33% of the
young leaf material from second year grass lead tillers at phenological growth between the 3.5 new leaf stage and
the flower stage during 1 June to 15 July removes enough auxin that permits the growth hormone, cytokinin, to
stimulate vegetative growth of secondary tillers from the meristematic tissue in the axillary buds. The secondary
tillers will grow if 100 lbs/ac or greater of mineral nitrogen is available. After the secondary tillers produce their 3.5
new leaf, these tillers can provide adequate quantities of crude protein for lactating cows to maintain a high level of
milk production that can then maintain calf rate of weight gain at near genetic potential from early August to mid
October.

Between the mid 1970’s and the late 1990°s, much of the basic science of how grasslands function was
explained. The applied science needed to activate grassland ecosystems to full functionality was determined at
Dickinson REC. It is now possible for grassland managers to activate by grazing the four major grass growth
mechanisms and the ecosystem biogeochemical processes that are capable of maintaining elevated herbage biomass
production at biological potential rates which corrects the problems of the inhibited level of herbage production

caused by traditional practices.
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Northern Plains grasslands are complex ecosystems that are exceedingly more complex than the most
complicated machines built by humans. Grasslands are composed of indispensable biotic components and abiotic
factors. The indispensable biotic components are grass vegetation, rhizosphere organisms, and grazing graminivores
that have complex symbiotic relationships and have fundamental biological and physiological requirements that
must be met. The abiotic factors are radiant energy from sunlight, the climatic forces of light, precipitation, and
temperature, the functioning constituents of soil, the major essential elements of carbon, hydrogen, nitrogen, and
oxygen, the minor essential elements, and the environmental conditions of drought and fire.

The indispensable grass vegetation is autotrophic and uses the major and minor essential elements in the
inorganic form to synthesize vital organic components of carbohydrates, proteins, and nucleotides as plant structures
and as nutritious forage for heterotrophic large grazing graminivores. Grass plants produce double the leaf biomass
than is needed for photosynthesis in order to attract the vital partial defoliation by grazing graminivores on which
their four major physiological internal growth mechanisms depend. The four major growth mechanisms are
activated by partial defoliation that removes 25% to 33% of the leaf biomass from grass lead tillers at vegetative
growth stages between the 3.5 new leaf stage and the flower stage that enable grass tillers to withstand and recover
from grazing by large graminivores.

The complementary physiological growth mechanisms give grass plants the capacity to replace lost leaf
and shoot biomass following grazing by increasing meristematic tissue activity, increasing photosynthetic capacity
of remaining mature leaves and rejuvenated portions of older leaves not completely senescent, increasing allocation
of carbon fixed during current elevated photosynthetic rates, and increasing availability of soil mineral nitrogen
transformed from soil organic nitrogen by active rhizosphere organisms. Fully activated growth mechanisms can
produce replacement foliage at 140% of the weight removed during grazing when mineral nitrogen is available at
100 lbs/ac or greater.

Vegetative reproduction by tillering produces secondary tillers from the growth of axillary buds following
partial defoliation by grazing graminivores during lead tiller vegetative growth stages. Recruitment of new grass
plants by sexual reproduction and the development of seedlings is negligible in grasslands.

Nutrient and water resource uptake is highly competitive in healthy grass tillers and maintains the
dominance of grasses in the ecosystem, and suppresses the establishment of grass, forbs, and shrub seedlings.

Water use efficiency in grass herbage biomass production is variable and directly linked with the threshold
quantity of available mineral nitrogen at 100 lbs/ac or greater; when the available mineral nitrogen is at less than 100
Ibs/ac, the weight of herbage production is reduced by 49.6% per inch of precipitation received.

The indispensable rhizosphere microorganisms perform the ecosystem nutrient cycling and flow activities
and the ecosystem biogeochemical processes that determine grassland productivity and functionality.
Biogeochemical processes transform stored essential elements from organic forms or ionic forms into plant usable
mineral forms. Biogeochemical processes capture replacement quantities of lost or removed major essential
elements of carbon, hydrogen, nitrogen, and oxygen with assistance from active live plants and transfers the

replacement essential elements into storage as soil organic matter for later use. And biogeochemical processes
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decompose complex unusable organic material into compounds and then into reusable major and minor essential
elements.

The indispensable grazing graminivores are vital for grassland ecosystems and are most beneficial when
grazing periods are coordinated with grass phenological growth stages. Partial defoliation by large graminivores of
grass lead tillers at vegetative growth stages cause the exudation of large quantities of short chain carbon energy
from the grass lead tillers surplus carbohydrates through the roots into the rhizosphere that provide the required
external energy needed by the microbes for growth and activity.

A biologically effective grazing strategy is designed to coordinate partial defoliation grazing events with
grass phenological growth stages, to meet the nutrient requirements of modern high performance livestock the entire
grazing season, to provide the biological requirements of the grass plants and the rhizosphere microorganisms, to
enhance the ecosystem biogeochemical processes, and to activate the four major internal grass plant physiological
growth mechanisms in order for grassland ecosystems to function at the greatest achievable levels, and to deliver
unlimited new possibilities.
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Carbon is the fourth most abundant element in the universe by mass. Carbon based compounds form the
basis of all life on earth. Carbon can form more different compounds than all other elements combined. The
carbon cycle is a major biogeochemical cycle in which carbon is exchanged among the atmosphere, plants, and soil.
Autotrophic plants use solar energy, atmospheric carbon dioxide plus water to produce carbohydrates and oxygen.
Heterotrophic organisms depend on photosynthetic carbohydrates as a source of energy and other carbon
compounds. Carbon is a major essential element required for life to be maintained (Anonymous 2023, FAO 2023).

Carbon as carbon dioxide in the atmosphere is a vital greenhouse gas that has for 10,000 years been
providing a constant warm normal global temperature in which some water is liquid and life as we know can persist
(Anonymous 2023). Atmospheric carbon dioxide reradiates some of earth’s escaping longwave infrared energy in
order to maintain a stable global temperature (Working Group 1 2007).

However, since the start of the industrial revolution in 1750, the quantity of carbon in the atmosphere has
increased above the optimal level which is causing greater quantities of longwave infrared energy to be returned
back to earth causing the mean global temperature to increase (Working Group 1 2007).

The source of the increased carbon emissions in the atmosphere is from the extraction and burning of
geologic fossil carbon for fuel (Rosen 2021). After 270 years, the additional carbon in the atmosphere has increased
the mean global temperature by about 1.2° C (2.16° F) (Rosen 2021).

The amount of carbon on earth is effectively constant. The deep earth contains about 2.039 billion billion
tons of carbon with about 66% of that in the core. The oceans contain about 44,092 billion tons of carbon. Geologic
fossil fuels (coal, oil, and natural gas) consist of about 4,409 billion tons of carbon. The terrestrial soils contain
about 1,764 billion tons of carbon. The atmosphere consists of about 1,006 billion tons of carbon. The biosphere
consisting of all terrestrial plants and animals contain about 672 million tons of carbon. The earth’s soils contain
more carbon than the atmosphere and all the plants and animals combined (Anonymous 2022, 2023).

The soils of grasslands are storing large quantities of carbon but are capable of holding much more carbon
than they currently do (FAO 2023). A substantial increase in terrestrial soil organic carbon from atmospheric
carbon dioxide captured and fixed during plant photosynthesis can be as effective at reducing the rate of global
warming as the primary objective to reduce emissions of carbon dioxide from fossil fuel burning (FAO 2017).

During the eighteen year period of 1990 to 2007, terrestrial soil organic carbon storage increased at a rate
of 2.76 billion tons C/yr (Schimel et al. 2015). During the eleven year period of 2007 to 2017, terrestrial soil
organic carbon storage increased at a rate of 3.98 billion tons C/yr (Keenan and Williams 2018). The increases in
the quantities of atmospheric carbon dioxide have improved the efficiencies of plant photosynthetic processes
resulting in increased plant biomass growth and thus greater dead plant material entering the soil and increasing the
quantity of soil organic carbon.

The increase in plant biomass production resulting from the increase of atmospheric carbon dioxide causing
an improved efficiency in photosynthesis can be enhanced on grasslands by increasing the quantity of available
mineral nitrogen, by increasing the biomass of rhizosphere microorganisms, by increasing the quantity of exudated
short carbon energy from the surplus fixed carbon produced by lead grass tillers during vegetative growth stages, by
removing 25% to 33% of the aboveground leaf biomass with partial defoliation by grazing livestock during the
period of 1 June to 15 July (Manske 2018).

The increase of atmospheric carbon dioxide plus the increase in available mineral nitrogen will result in a
greater increase in grass herbage biomass that will permit a 40% increase in stocking rate above the standard
seasonlong stocking rate for the particular pasture soil types.

The greater the increase in grass herbage biomass production, the greater the increase in the quantity of soil
organic carbon.
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Perennial grasses consist of 44% carbon, 40% oxygen, 8% hydrogen, and 8% minerals (Manske 2013).

The source of soil organic carbon in grasslands is dead plant and soil microbial material which originated
from atmospheric CO, captured and fixed during plant photosynthesis, and additionally, from the deposits of manure
and urine by grazing livestock.

Greater quantities of soil organic carbon improve the physical and chemical properties of soil and soil
health, by increasing nutrient storage and availability, increasing cation exchange capacity, increasing particle
aggregation, improving soil structure and stability, and increasing water holding capacity (FAO and ITPS 2015).

Efforts to increase the quantities of soil organic carbon in grasslands through implementation of
biologically effective management will cause extensive improvement in ecosystem functionality and great increases
in grass herbage biomass production which results in the increase in economic wealth captured per acre. These
ecosystem improvements and the resulting reductions of atmospheric CO; are sufficient enough by themselves to
justify the needed changes in management practices.

Soil organic carbon is usually categorized into three pools: a labile pool, an intermediate pool, and a
refractory (stable) pool. The concept of organic carbon pools are used for improving understanding of SOC
dynamics. The quantity of carbon allocated to each pool cannot be measured separately. The labile pool includes
easily degradable plant material, microbial biomass, and labile metabolites, and may turn over within a few months
or years. The intermediate pool comprises microbially processed organic matter that is partially stabilized on
mineral surfaces which also may be protected within aggregates, with turn over times in the range of decades. The
refractory pool includes the highly stabilized organic matter and mineral complexes that may remain in soils for
centuries or millennia (FAO and ITPS 2015).

Long term stabilization of soil organic carbon requires action from microorganisms and occurs from the
interaction of reactive mineral surface area with decomposed products derived by microbial enzymatic breakdown
and metabolism forming a surface binding within microaggregates which reduces exposure to additional enzymatic
degradation (FAO and ITPS 2015).

Soils do have some inorganic carbon (SIC) as carbonates and hydrogencarbonates (bicarbonate), which
have little importance in the biogeochemical processes within a grassland ecosystem (FAO and ITPS 2015).

The quantity of soil organic carbon is dynamic, determined by the balance of carbon material entering the
soil as organic residue, and the amount leaving the soil as CO, through microbial decomposition and respiration.
Organic carbon material must be continually added as annual input to the soil (FAO 2017).

The quantity of carbon respired from soils was derived from decomposition of soil organic matter input by
soil microbes and was approximately balanced with the quantity of atmospheric CO; captured and fixed by the
annual net primary production of plant biomass (Schimel et al. 1997).

The CO;released by burning geologic fossil fuels contain carbon with different isotopic ratios than the
carbon from plant residue decomposed and released from soils by microbial respiration as CO, (Anonymous 2023).

The annual quantity of CO;released from soils to the atmosphere is about ten times larger than the annual
quantity of CO; released to the atmosphere by fossil fuel burning (Schimel 1995). As a result of the improvements
in the efficiencies of plant photosynthetic processes, the increases in the quantities of atmospheric carbon dioxide
removal, and the increases in the quantities of terrestrial soil carbon storage now occur at a rate equivalent to all of
the CO; emissions from the soils plus about 33.7% of the CO, emissions from all the fossil fuel burning per year.
This is the reason, the rate of global warming is increasing at a rate slower than expected (Schimel et al. 2015,
Keenan and Williams 2018).

Nutrient cycling and availability has superior effectiveness and improved efficiencies in highly functional
grasslands with soils containing greater quantities of organic carbon (FAO and ITPS 2015). Most of the nutrients
consumed and used by livestock for maintenance are returned to the ecosystem in feces and urine. About 15% of
the nutrients contained in the consumed leaf material is extracted by stocker heifers and steers and retained for
growth. About 30% of the nutrients contained in the consumed leaf material is extracted by lactating cows, with a
portion retained by the cow for production, and the remainder of the extracted nutrients passed to her calf for growth
(Russelle 1992, Gibson 2009).
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During the growing season, a 1200 pound lactating cow consumes 915 lbs forage per month, (44% C) 403
Ibs per month is carbon, (25-40%, mean 33%) 133 1bs per month is nondigestible carbon and returned to the soil
through feces and urine (FAO 2023), (67%) 270 lbs of carbon per month is digestible, with (30%) 81 lbs of carbon
per month used by cow and calf for growth and the remainder used for maintenance.

Nearly all of the essential elements used in the annual production of plant herbage biomass, soil organism
biomass, insect biomass, and wildlife biomass are retained and recycled within the grassland ecosystem and only a
small portion of the essential elements are removed by livestock as growth in weight (Manske 2013). Fully
functional grassland ecosystems with large quantities of stored soil organic carbon are capable of capturing greater
quantities of carbon, hydrogen, nitrogen, and oxygen than the amounts lost or removed annually.

Northern Plains grassland ecosystems are perpetually sustainable with the implementation of biologically
effective grazing management strategies that activate all ecosystem biogeochemical processes and all grass plant
physiological growth mechanisms to function at biologically potential levels (Manske 2018).

Soil Organic Carbon Project

A project was started in 2022 to quantitatively determine the amount of soil organic carbon accumulation
differences in Northern Plains native mixed grass prairie soils managed by three treatments.

Study Area

The native rangeland study sites were on the Dickinson Research Extension Center (DREC) ranch, located
in Dunn County, 20 miles north of Dickinson, in western North Dakota.

Long-term mean annual temperature was 42.2° F (5.7° C). January was the coldest month, with a
temperature of 14.9° F (-9.5° C). July and August were the warmest months, with mean temperatures of 69.7° F
(20.9° C) and 68.5° F (20.3° C), respectively. Long-term mean annual precipitation was 17.1 inches (434.3 mm).
The amount of precipitation received during the perennial plant growing season (April to October) was 14.5 inches
(367.3 mm) and was 84.6% of the annual precipitation (Manske 2023).

Soils were primarily Typic Haploborolls. The native rangeland vegetation was the Wheatgrass-
Needlegrass Type (Barker and Whitman 1988, Shiflet 1994) of the mixed grass prairie. The dominant native range
grasses were western wheatgrass (Pascopyrum smithii), needle and thread (Hesperostipa comata), blue grama
(Bouteloua gracilis), and threadleaf sedge (Carex filifolia).

Management Treatments

Three management treatments were initiated in 1983 and have been evaluated for 40 years in 2022 (1)
long-term nongrazed control, (2) traditional sesonlong, and (3) twice-over rotation system.

The long-term nongrazed control management treatment was designed with two large replicated exclosures
and had not been grazed, mowed, or burned for more than 30 years before initiation.

The traditional seasonlong treatment was designed with two replicated pastures. Each pasture was grazed
for 137 days from early June to mid October stocked at 2.86 acres per cow-calf pair per month.

The twice-over rotation grazing system was designed with two replicated systems each with three pastures.
Each pasture was grazed two times per growing season, 15 days the 1 rotation and 30 days the 2™ rotation plus 2
days for compensation for rotation dates on weekends. Each system was grazed 137 days from early June to mid
October stocked at 2.20 acres per cow-calf pair per month.

Procedure

Soil organic carbon (SOC) was determined from four replicated soil core samples collected at silty
ecological sites from protected exclosures for the nongrazed treatment, and from grazed sites for the seasonlong and
twice-over rotation treatments with the 1 inch Veihmeyer soil tube at incremental depths of 0-6, 6-12, 12-24 inches
on monthly periods during May, June, and July. Analysis of soil core samples for total organic carbon was
conducted at the North Dakota State University Soil Testing Laboratory.
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Results

The Food and Agriculture Organization (FAO) of the United Nations has completed its Global assessment
of soil carbon in grasslands on 14 February 2023. The improved natural grasslands of North America which are the
more productive native grasslands minus high sand and high clay sites (occupying most of the combined area of
north and south mix grass prairie) has a mean quantity of stored SOC to a 30 cm (12 in) depth at 26.76 tons C/ac and
has a mean annual input of 1.1 tons C/ac/yr and has a mean minimum quantity of annual input needed to maintain
the current storage level was 0.62 tons C/ac/yr (FAO 2023).

The FAO data including the northern and southern mixed grass prairie was compared to the 2022 Northern
Plains mixed grass prairie data from our SOC project on the three management treatments. On the nongrazed
treatment, the stored SOC to a 30 cm (12 in) depth was 33.25 tons C/ac with an annual input of 1.00 tons C/ac/yr.
On the seasonlong treatment, the stored SOC to a 30 cm (12 in) depth was 47.90 tons C/ac with an annual input of
0.84 tons C/ac/yr. On the twice-over treatment, the stored SOC to a 30 cm (12 in) depth was 64.34 tons C/ac with
an annual input of 2.21 tons C/ac/yr.

The mean amount of stored SOC on the improved native mixed grass grasslands of North America was
only 26.76 tons C/ac. The quantity of stored SOC on the nongrazed treatment was 24.3% greater. The quantity of
stored SOC on the seasonlong treatment was 79.0% greater. The quantity of stored SOC on the twice-over
treatment was 140.7% greater. The annual input quantities on the nongrazed and seasonlong treatments were less
than that on the improved grasslands, however, the annual input quantities on the nongrazed and seasonlong
treatments were greater than the minimum annual input on the improved grasslands. The annual input quantity on
the twice-over treatment was 100.9% greater than that on the improved grasslands.

The FAO stored SOC data from the improved grasslands of North America included both the northern and
southern mixed grass prairies. The distribution of SOC quantity is strongly influenced by temperature and
precipitation. The southern mixed grass prairie has higher temperatures and greater evapotranspiration and thus
lower stored SOC than the northern mixed grass prairie (FAO 2023).
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Table 1. Total organic carbon at two soil depths and at three dates as a percentage, pounds per acre, and tons
per acre from three treatments,-twice-over, seasonlong, and nongrazed, 2022.

15 May 15 Jun 15 Jul
Soil
Depth
Inches 0C% Ibs/ac Tons/ac  OC% Ibs/ac Tons/ac  OC% Ibs/ac Tons/ac
Twice-over
0-6 583  91,161.79 45.58 491 76,776.05 38.39 520  81,310.69  40.66
6-12 290  51,261.09 25.63 2.14  37,827.15 18.91 270  47,725.84 23.86
0-12 71.21 57.30 64.52
Seasonlong
0-6 422  65,986.75 32.99 399 62,390.32 31.20 3.85 60,201.18 30.10
6-12 2.17  38,357.43 19.18 1.65  29,165.79 14.58 1.77  31,286.94 15.64
0-12 52.17 45.78 45.74
Nongrazed
0-6 2.57  40,186.24 20.09 249  38,935.31 19.47 2.51 39,248.04 19.62
6-12 1.75  30,933.41 15.47 1.48  26,160.83 13.08 1.36  24,039.68 12.02
0-12 35.56 32.55 31.64
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Introduction

Successful long-term management of grassland ecosystems requires knowledge of the relationships of range
plant growth and regional climatic factors. Range plant growth and development are regulated by climatic
conditions. Length of daylight, temperature, precipitation, and water deficiency are the most important climatic
factors that affect rangeland plants (Manske 2011).

Light

Light is necessary for plant growth because light is the source of energy for photosynthesis. Plant growth is
affected by variations in quality, intensity, and duration of light. The quality of light (wavelength) varies from region
to region, but the quality of sunlight does not vary enough in a given region to have an important differential effect
on the rate of photosynthesis. However, the intensity (measurable energy) and duration (length of day) of sunlight
change with the seasons and affect plant growth. Light intensity varies greatly with the season and with the time of
day because of changes in the angle of incidence of the sun’s rays and the distance light travels through the
atmosphere. Light intensity also varies with the amount of humidity and cloud
cover because atmospheric moisture absorbs and scatters light rays.

The greatest variation in intensity of light received by range plants results from the various degrees of
shading from other plants. Most range plants require full sunlight or very high levels of sunlight for best growth.
Shading from other plants reduces the intensity of light that reaches the lower leaves of an individual plant. Grass
leaves grown under shaded conditions become longer but narrower, thinner (Langer 1972, Weier et al. 1974), and
lower in weight than leaves in sunlight (Langer 1972). Shaded leaves have a reduced rate of photosynthesis, which
decreases the carbohydrate supply and causes a reduction in growth rate of leaves and roots (Langer 1972).
Shading increases the rate of senescence in lower, older leaves. Accumulation of standing dead leaves ties up
carbon and nitrogen. Decomposition of leaf material through microbial activity can take place only after the leaves
have made contact with the soil. Standing dead material not in contact with the soil does not decompose but breaks
down slowly as a result of leaching and weathering. Under ungrazed treatments the dead leaves remain standing for
several years, slowing nutrient cycles, restricting nutrient supply, and reducing soil microorganism activity in the
top 12 inches of soil. Standing dead leaves shade early leaf growth in spring and therefore slow the rate of growth
and reduce leaf area. Long-term effects of shading, such as that occurring in ungrazed grasslands and under shrubs
or leafy spurge, reduce the native grass species composition and increase composition of shade-tolerant or shade-
adapted replacement species like smooth bromegrass and Kentucky bluegrass.

Day-length period (photoperiod) is one of the most dependable cues by which plants time their activities in
temperate zones. Day-length period for a given date and locality remains the same from year to year. Changes in the
photoperiod function as the timer or trigger that activates or stops physiological processes bringing about growth and
flowering of plants and that starts the process of hardening for resistance to low temperatures in fall and winter.
Sensory receptors, specially pigmented areas in the buds or leaves of a plant, detect day length and night length and
can activate one or more hormone and enzyme systems that bring about physiological responses (Odum 1971,
Daubenmire 1974, Barbour et al. 1987).

The phenological development of rangeland plants is triggered by changes in the length of daylight.
Vegetative growth is triggered by photoperiod and temperature (Langer 1972, Dahl 1995), and reproductive
initiation is triggered primarily by photoperiod (Roberts 1939, Langer 1972, Leopold and Kriedemann 1975, Dahl
1995) but can be slightly modified by temperature and precipitation (McMillan 1957, Leopold and Kriedemann

1975, Dahl and Hyder 1977, Dahl 1995). Some plants are long-day plants and others are short-day plants. Long-day
41



plants reach the flower phenological stage after exposure to a critical photoperiod and during the period of increasing
daylight between mid April and mid June. Generally, most cool-season plants with the C3 photosynthetic pathway
are long-day plants and reach flower phenophase before 21 June. Short-day plants are induced into flowering by day
lengths that are shorter than a critical length and that occur during the period of decreasing day length after mid June.
Short-day plants are technically responding to the increase in the length of the night period rather than to the
decrease in the day length (Weier et al. 1974, Leopold and Kriedemann 1975). Generally, most warm-season plants
with the C4 photosynthetic pathway are short-day plants and reach flower phenophase after 21 June.

The annual pattern in the change in daylight duration follows the seasons and is the same every year for
each region. Grassland management strategies based on phenological growth stages of the major grasses can be
planned by calendar date after the relationships between phenological stage of growth of the major grasses and time
of season have been determined for a region.

Temperature

Temperature is an approximate measurement of the heat energy available from solar radiation. At both low
and high levels temperature limits plant growth. Most plant biological activity and growth occur within only a
narrow range of temperatures, between 32° F (0°C) and 122° F (50° C) (Coyne et al. 1995). Low temperatures limit
biological reactions because water becomes unavailable when it is frozen and because levels of available energy are
inadequate. However, respiration and photosynthesis can continue slowly at temperatures well below 32° F if
plants are “hardened”. High temperatures limit biological reactions because the complex structures of proteins are
disrupted or denatured.

Periods with temperatures within the range for optimum plant growth are very limited in western North
Dakota. The frost-free period is the number of days between the last day with minimum temperatures below 32° F
(0° C) in the spring and the first day with minimum temperatures below 32° F (0° C) in the fall and is approximately
the length of the growing season for annually seeded plants. The frost-free period for western North Dakota
generally lasts for 120 to 130 days, from mid to late May to mid to late September (Ramirez 1972). Perennial
grassland plants are capable of growing for periods longer than the frost-free period, but to continue active growth
they require temperatures above the level that freezes water in plant tissue and soil. Many perennial plants begin
active growth more than 30 days before the last frost in spring and continue growth after the first frost in fall. The
growing season for perennial plants is considered to be between the first 5 consecutive days in spring and the last 5
consecutive days in fall with mean daily temperature at or above 32° F (0° C). In western North Dakota the growing
season for perennial plants is considered to be generally from mid April through mid October. Low air temperature
during the early and late portions of the growing season greatly limits plant growth rate. High temperatures, high
evaporation rates, drying winds, and low precipitation levels after mid summer also limit plant growth.

Different plant species have different optimum temperature ranges. Cool-season plants, which are C;
photosynthetic pathway plants, have an optimum temperature range of 50°to 77F (10’ to 25C). Warm-season plants,
which are C4 photosynthetic pathway plants, have an optimum temperature range of 86 to 105F (3(0Fto 40C)

(Coyne et al. 1995).

Water (Precipitation)

Water, an integral part of living systems, is ecologically important because it is a major force in shaping
climatic patterns and biochemically important because it is a necessary component in physiological processes
(Brown 1995). Water is the principal constituent of plant cells, usually composing over 80% of the fresh weight of
herbaceous plants. Water is the primary solvent in physiological processes by which gases, minerals, and other
materials enter plant cells and by which these materials are translocated to various parts of the plant. Water is the
substance in which processes such as photosynthesis and other biochemical reactions occur and a structural
component of proteins and nucleic acids. Water is also essential for the maintenance of the rigidity of plant tissue
and for cell enlargement and growth in plants (Brown 1977, Brown 1995).
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Water Deficiency

Temperature and precipitation act together to affect the physiological and ecological status of range plants.
The biological situation of a plant at any time is determined by the balance between rainfall and potential
evapotranspiration. The higher the temperature, the greater the rate of evapotranspiration and the greater the need for
rainfall to maintain homeostasis. When the amount of rainfall received is less than potential evapotranspiration demand,
a water deficiency exists. Evapotranspiration demand is greater than precipitation in the mixed grass and short grass
prairie regions. The tall grass prairie region has greater precipitation than evapotranspiration demand. Under water
deficiency conditions, plants are unable to absorb adequate water to match the transpiration rate, and plant water stress
develops. Range plants have mechanisms that help reduce the damage from water stress, butsome degree of reduction
in herbage production occurs.

Plant water stress limits growth. Plant water stress develops in plant tissue when the rate of water loss through
transpiration exceeds the rate of water absorption by the roots. Water stress can vary in degree from a small decrease in
water potential, as in midday wilting on warm, clear days, to the lethal limit of desiccation (Brown 1995).

Early stages of water stress slow shoot and leaf growth. Leaves show signs of wilting, folding, and
discoloration. Tillering and new shoot development decrease. Root production may increase. Senescence of older
leaves accelerates. Rates of cell wall formation, cell division, and protein synthesis decrease. As water stress increases,
enzyme activity declines and the formation of necessary compounds slows or ceases. The stomata begin to close; this
reaction results in decreased rates of transpiration and photosynthesis. Rates of respiration and translocation decrease
substantially with increases in water stress. When water stress becomes severe, most functions nearly or completely
cease and serious damage occurs. Leaf and root mortality induced by water stress progresses from the tips to the crown.
The rate of leaf and root mortality increases with increasing stress. Water stress can increase to a point that is lethal,
resulting in damage from which the plant cannot recover. Plant death occurs when meristems become so dehydrated
that cells cannot maintain cell turgidity and biochemical activity (Brown 1995).

Study Area

The study area is the region around the Dickinson Research Extension Center (DREC) Ranch, Dunn County,
western North Dakota, USA. Native vegetation in western North Dakota is the Wheatgrass-Needlegrass Type (Barker
and Whitman 1988, Shiflet 1994) of the mixed grass prairie.

The climate of western North Dakota has changed several times during geologic history (Manske 1999). The
most recent climate change occurred about 5,000 years ago, to conditions like those of the present, with cycles of wet
and dry periods. The wet periods have been cool and humid, with greater amounts of precipitation. A brief wet period
occurred around 4,500 years ago. Relatively long periods of wet conditions occurred in the periods between 2,500 and
1,800 years ago and between 1,000 and 700 years ago. Recent short wet periods occurred in the years from 1905 to
1916, 1939 to 1947, and 1962 to 1978. The dry periods have been warmer, with reduced precipitation and recurrent
summer droughts. A widespread, long drought period occurred between the years 1270 and 1299, an extremely severe
drought occurred from 1863 through 1875, and other more recent drought periods occurred from 1895 to 1902, 1933 to
1938, and 1987 to 1992. The current climatic pattern in western North Dakota is cyclical between wet and dry periods
and has existed for the past 5,000 years (Bluemle 1977, Bluemle 1991, Manske 1994a).

Procedures

Daylight duration data for the Dickinson location of latitude 46° 48' N, longitude 102° 48' W, were tabulated
from daily sunrise and sunset time tables compiled by the National Weather Service, Bismarck, North Dakota.

Temperature and precipitation data were taken from historical climatological data collected at the Dickinson

Research Extension Center Ranch, latitude 47° 14' N, longitude 102° 50' W, Dunn County, near Manning, North
Dakota, 1982-2023.
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A technique reported by Emberger et al. (1963) was used to develop water deficiency months data from
historical temperature and precipitation data. The water deficiency months data were used to identify months with
conditions unfavorable for plant growth. This method plots mean monthly temperature (° C) and monthly
precipitation (mm) on the same axis, with the scale of the precipitation data at twice that of the temperature data.
The temperature and precipitation data are plotted against an axis of time. The resulting ombrothermic diagram
shows general monthly trends and identifies months with conditions unfavorable for plant growth. Water deficiency
conditions exist during months when the precipitation data bar drops below the temperature data curve and plants are
under water stress. Plants are under temperature stress when the temperature curve drops below the freezing mark

(0°C).
Results and Discussion

Light

The tilt of the earth’s axis in conjunction with the earth’s annual revolution around the sun produces the
seasons and changes the length of daylight in temperate zones. Dickinson (figure 1) has nearly uniform day and night
lengths (12 hours) during only a few days, near the vernal and autumnal equinoxes, 20 March and 22 September,
respectively, when the sun’s apparent path crosses the equator as the sun travels north or south, respectively. The
shortest day length (8 hours, 23 minutes) occurs at winter solstice, 21 December, when the sun’s apparent path is
farthest south of the equator. The longest day length (15 hours, 52 minutes) occurs at summer solstice, 21 June, when
the sun’s apparent path is farthest north of the equator. The length of daylight during the growing season (mid April
to mid October) oscillates from about 13 hours in mid April, increasing to nearly 16 hours in mid June, then
decreasing to around 11 hours in mid October (figure 1).

Temperature

The DREC Ranch in western North Dakota experiences severe, windy, dry winters with little snow
accumulation. The springs are relatively moist in most years, and the summers are often droughty but are interrupted
periodically by thunderstorms. The long-term (42-year) mean annual temperature is 42.2° F (5.7° C) (table 1).
January is the coldest month, with a mean temperature of 15.0° F (-9.4° C). July and August are the warmest months,
with mean temperatures of 69.7° F (20.9° C) and 68.4° F (20.2° C), respectively. Months with mean monthly
temperatures below 32.0° F (0.0° C) are too cold for active plant growth. Low temperatures define the growing
season for perennial plants, which is generally from mid April to mid October (6.0 months, 183 days). During the
other 6 months each year, plants in western North Dakota cannot conduct active plant growth. Soils are frozen to a
depth of 3 to 5 feet for a period of 4 months (121 days) (Larson et al. 1968). The early and late portions of the 6-
month growing season have very limited plant activity and growth. The period of active plant growth is generally
5.5 months (168 days).

Western North Dakota has large annual and diurnal changes in monthly and daily air temperatures. The
range of seasonal variation of average monthly temperatures between the coldest and warmest months is 55.0° F
(30.5°C), and temperature extremes in western North Dakota have a range of 161.0° F (89.4° C), from the highest
recorded summer temperature of 114.0° F (45.6° C) to the lowest recorded winter temperature of -47.0° F
(-43.9° C). The diurnal temperature change is the difference between the minimum and maximum temperatures
observed over a 24-hour period. The average diurnal temperature change during winter is 22.0° F (12.2° C), and the
change during summer is 30.0° F (16.7° C). The average annual diurnal change in temperature is 26.0° F (14.4° C)
(Jensen 1972). The large diurnal change in temperature during the growing season, which has warm days and cool
nights, is beneficial for plant growth because of the effect on the photosynthetic process and respiration rates
(Leopold and Kriedemann 1975).

Precipitation

The long-term (42-year) annual precipitation for the Dickinson Research Extension Center Ranch in western
North Dakota is 17.06 inches (433.33 mm). The long-term mean monthly precipitation is shown in table 1. The
growing-season precipitation (April to October) is 14.41 inches (365.96 mm) and is 84.47% of annual precipitation.
June has the greatest monthly precipitation, at 3.04 inches (77.32 mm).
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The seasonal distribution of precipitation (table 2) shows the greatest amount of precipitation occurring in
the spring (7.12 inches, 41.74%) and the least amount occurring in winter (1.62 inches, 9.50%). Total precipitation
received for the 5S-month period of November through March averages less than 2.65 inches (15.53%). The
precipitation received in the 3-month period of May, June, and July accounts for 47.13% of the annual precipitation
(8.04 inches).

The annual and growing-season precipitation levels and percent of the long-term mean for 42 years (1982 to
2023) are shown in table 3. Drought conditions exist when precipitation amounts for a month, growing season, or
annual period are 75% or less of the long-term mean. Wet conditions exist when precipitation amounts for a month,
growing season, or annual period are 125% or greater of the long-term mean. Normal conditions exist when
precipitation amounts for a month, growing season, or annual period are greater than 75% and less than 125% of the
long-term mean. Between 1982-2023, 5 drought years (11.90%) (table 4) and 7 wet years (16.67%) (table 5)
occurred. Annual precipitation amounts at normal levels, occurred during 30 years (71.43%) (table 3). The area
experienced 5 drought growing seasons (11.90%) (table 6) and 7 wet growing seasons (16.67%) (table 7). Growing-
season precipitation amounts at normal levels occurred during 30 years (71.43%) (table 3). The 6-year period
(1987-1992) was a long period with near-drought conditions. The average annual precipitation for these 6 years was
12.12 inches (307.89 mm), only 71.04% of the long-term mean. The average growing-season precipitation for the 6-
year period was 9.97 inches (253.11 mm), only 69.19% of the long-term mean (table 3).

Water Deficiency

Monthly periods with water deficiency conditions are identified on the annual ombrothermic graphs when
the precipitation data bar drops below the temperature data curve. On the ombrothermic graphs, periods during which
plants are under low-temperature stress are indicated when the temperature curve drops below the freezing mark of
0.0° C (32.0° F). The long-term ombrothermic graph for the DREC Ranch (figure 2) shows that near water deficiency
conditions exist for August, September, and October. This finding indicates that range plants generally may have a
difficult time growing and accumulating herbage biomass during these 3 months. Favorable water relations occur
during May, June, and July, a condition indicating that range plants should be able to grow and accumulate herbage
biomass during these 3 months.

The ombrothermic relationships for the Dickinson Research Extension Center Ranch in western North
Dakota are shown for each month in table 8. The 42-year period (1982 to 2023) had a total of 252 months during the
growing season. Of these growing-season months, 75.0 months had water deficiency conditions, which indicates that
range plants were under water stress during 29.8% of the growing-season months (tables 8 and 9): this amounts to an
average of 2.0 months during every 6.0-month growing season range plants have been limited in growth and herbage
biomass accumulation because of water stress. The converse indicates that only 4.0 months of an average year have
conditions in which plants can grow without water stress.

Most growing seasons have months with water deficiency conditions. In only 6 of the 42 years (table 8) did
water deficiency conditions not occur in any of the six growing-season months. In each growing-season month of
1982, 2013, 2015, 2016, 2019, and 2023, the amounts and distribution of the precipitation were adequate to prevent
water stress in plants. Twenty years (47.62%) had water deficiency for 0.5 to 2.0 months during the growing season.
Fifteen years (35.71%) had water deficiency conditions for 2.5 to 4.0 months during the growing season. One year
(2.38%), 1988, had water deficiency conditions for 5.0 months during the growing season. None of the 42 years had
water deficiency conditions for all 6.0 months of the growing season (table 8). The 6-year period (1987-1992) was a
long period with low precipitation; during this period, water deficiency conditions existed for an average of 3.1
months during each growing season, which amounts to 51.33% of this period’s growing-season months (table 8).

May, June, and July are the 3 most important precipitation months and therefore constitute the primary
period of production for range plant communities. May and June are the 2 most important months for dependable
precipitation. Only 4 (9.52%) of the 42 years had water deficiency conditions during May, and 6 years (14.29%) had
water deficiency conditions during June. One year (2017) had water deficiency conditions in both May and June.
Fourteen (33.33%) of the 42 years had water deficiency conditions in July (table 9). Only one year (2017) has had
water deficiency conditions during May, June, and July (table 8b).
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Most of the growth in range plants occurs in May, June, and July (Goetz 1963, Manske 1994b). Peak
aboveground herbage biomass production usually occurs during the last 10 days of July, a period that coincides with
the time when plants have attained 100% of their growth in height (Manske 1994b). Range grass growth coincides
with the 3- month period of May, June, and July, when 47.13% of the annual precipitation occurs.

August, September, and October are not dependable for positive water relations. August and September had
water deficiency conditions in 45.24% and 52.38% of the years, respectively, and October had water deficiency
conditions in 33.33% of the years (table 9). Visual observations of range grasses with wilted, senescent leaves in
August indicate that most plants experience some level of water stress when conditions approach those of water
deficiency. August, September, and/or October had water deficiency conditions during 80.95% of the growing seasons
in the previous 42 years (table §). These 3 months make up 42% of the growing season, and they had water deficiency
conditions on the average of 44% of the time (table 9). The water relations in August, September, and October limit
range plant growth and herbage biomass accumulation.

Over the last 42 years, drought years occurred 11.9% of the time. Drought growing seasons occurred 11.9% of
the time. Water deficiency months occurred 29.8% of the time. Water deficiency occurred in May and June 9.5% and
14.3% of the time, respectively. July had water deficiency conditions 33.3% of the time. August, September, and
October had water deficiency conditions 45.2%, 52.4%, and 33.3%. Water deficiency periods lasting for a month place
plants under water stress severe enough to reduce herbage biomass production. These levels of water stress are a major
factor limiting the quantity and quality of plant growth in western North Dakota and can limit livestock production if not
considered during the development and implementation of long-term grazing management strategies.

The ombrothermic procedure to identify growing season months with water deficiency treats each month as an
independent event. Precipitation during the other months of the year may buffer or enhance the degree of water stress
experienced by perennial plants during water deficiency months. The impact of precipitation during other months on
the months with water deficiency can be evaluated from annual running total precipitation data (table 10). Water
deficiency conditions occurred during 0.0 months in 2023 (table 10).

Conclusion

The vegetation in a region is a result of the total effect of the long-term climatic factors for that region.
Ecologically, the most important climatic factors that affect rangeland plant growth are light, temperature, water
(precipitation), and water deficiency.

Light is the most important ecological factor because it is necessary for photosynthesis. Changes in time of
year and time of day coincide with changes in the angle of incidence of the sun’s rays; these changes cause variations in
light intensity. Daylight duration oscillation for each region is the same every year and changes with the seasons.
Shading of sunlight by cloud cover and from other plants affects plant growth. Day-length period is important to plant
growth because it functions as a trigger to physiological processes. Most cool-season plants reach flower phenophase
between mid May and mid June. Most warm-season plants flower between mid June and mid September.

Plant growth is limited by both low and high temperatures and occurs within only a narrow range of
temperatures, between 32° and 122° F. Perennial plants have a 6-month growing season, between mid April and mid
October. Diurnal temperature fluctuations of warm days and cool nights are beneficial for plant growth. Cool- season
plants have lower optimum temperatures for photosynthesis than do warm-season plants, and cool-season plants do not
use water as efficiently as do warm-season plants. Temperature affects evaporation rates, which has a dynamic effect on
the annual ratios of cool-season to warm-season plants in the plant communities. A mixture of cool- and warm-season
plants is highly desirable because the grass species in a mixture of cool- and warm-season species have a wide range of
different optimum temperatures and the herbage biomass production is more stable over wide variations in seasonal
temperatures.

Water is essential for living systems. Average annual precipitation received at the DREC Ranch is 17.1 inches,
with 84.5% occurring during the growing season and 47.1% occurring in May, June, and July. Plant water
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stress occurs when the rate of water loss through transpiration exceeds the rate of replacement by absorption. Years
with drought conditions have occurred 11.9% of the time during the past 42 years. Growing seasons with drought
conditions have occurred 11.9% of the time.

Water deficiencies exist when the amount of rainfall received is less than evapotranspiration demand.
Temperature and precipitation data can be used in ombrothermic graphs to identify monthly periods with water
deficiencies. During the past 42 years, 29.8% of the growing-season months had water deficiency conditions that placed
range plants under water stress: range plants were limited in growth and herbage biomass accumulation for an average
of 2.0 months during every 6-month growing season. May, June, and July had water deficiency conditions 9.5%,

14.3%, and 33.3% of the time, respectively. August, September, and October had water deficiency conditions 45.2%,
52.4% and 33.3% of the time, respectively. One month with water deficiency conditions causes plants to experience
water stress severe enough to reduce herbage biomass production.

Most of the growth in range grasses occurs in May, June, and July. In western North Dakota, 100% of range
grass leaf growth in height and 86% to 100% of range flower stalk growth in height are completed by 30 July. Peak
aboveground herbage biomass production usually occurs during the last 10 days of July, a period that coincides with the
time during which plants are attaining 100% of their height. Most range grass growth occurs during the 3- month period
of May, June, and July, when 47.1% of the annual precipitation occurs.

Grassland management should be based on phenological growth stages of the major grasses and can be
planned by calendar date. Management strategies for a region should consider the climatic factors that affect and limit
range plant growth.
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Table 1. Long-term mean monthly temperature and monthly precipitation, 1982-2023.

°F °C in. mm

Jan 15.01 -9.44 0.43 10.80
Feb 18.11 -7.71 0.43 11.04
Mar 29.14 -1.59 0.76 19.26
Apr 41.17 5.09 1.42 36.03
May 53.57 11.99 2.66 67.48
Jun 63.34 17.41 3.04 77.32
Jul 69.68 20.94 2.34 59.36
Aug 68.44 20.24 1.99 50.47
Sep 56.63 14.11 1.62 41.16
Oct 43.74 6.52 1.34 34.14
Nov 29.24 -1.53 0.55 13.96
Dec 18.24 -7.64 0.48 12.31

MEAN TOTAL
42.19 5.70 17.06 433.33

Table 2. Seasonal precipitation distribution, 1982-2023.

Season in. %
Winter (Jan, Feb, Mar) 1.62 9.50
Spring (Apr, May, Jun) 7.12 41.74
Summer (Jul, Aug, Sep) 5.95 34.88
Fall (Oct, Nov, Dec) 2.37 13.89
TOTAL 17.06
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Table 3. Precipitation in inches and percent of long-term mean for perennial plant growing season months, 1982-2023.

Growing Annual
Apr May Jun Jul Aug Sep Oct Season Total

Long-Term

Mean 1.42 2.66 3.04 2.34 1.99 1.62 1.34 14.41 17.06
1982-2023

1982 1.37 2.69 4.30 3.54 1.75 1.69 5.75 21.09 25.31
% of LTM 96.48 101.13 141.45 151.28 87.94 104.32  429.10 146.38 148.36
1983 0.21 1.53 3.26 2.56 4.45 0.86 0.72 13.59 15.55
% of LTM 14.79 57.52 107.24 109.40  223.62 53.09 53.73 94.32 91.15
1984 2.87 0.00 5.30 0.11 1.92 0.53 0.96 11.69 12.88
% of LTM 202.11 0.00 17434 4.70 96.48 32.72 71.64 81.14 75.50
1985 1.24 3.25 1.58 1.07 1.84 1.69 2.13 12.80 15.13
% of LTM 87.32 122.18 51.97 45.73 92.46 10432  158.96 88.84 88.69
1986 3.13 3.68 2.58 3.04 0.46 5.29 0.18 18.36 22.96
% of LTM 220.42 138.35 84.87 129.91 23.12  326.54 13.43 127.43 134.60
1987 0.10 1.38 1.15 5.39 2.65 0.78 0.08 11.53 14.13
% of LTM 7.04 51.88 37.83 23034  133.17 48.15 5.97 80.03 82.83
1988 0.00 1.85 1.70 0.88 0.03 0.73 0.11 5.30 9.03
% of LTM 0.00 69.55 55.92 37.61 1.51 45.06 8.21 36.79 52.93
1989 2.92 1.73 1.63 1.30 1.36 0.70 0.96 10.60 13.07
% of LTM 205.63 65.04 53.62 55.56 68.34 43.21 71.64 73.57 76.61
1990 2.03 2.39 3.75 1.13 0.31 0.68 0.85 11.14 11.97
% of LTM 142.96 89.85 123.36 48.29 15.58 41.98 63.43 77.32 70.16
1991 1.97 1.16 3.95 1.43 0.55 2.17 1.31 12.54 13.30
% of LTM 138.73 43.61 129.93 61.11 27.64 133.95 97.76 87.04 77.96
1992 0.81 0.68 1.59 2.70 2.02 0.72 0.16 8.68 11.23
% of LTM 57.04 25.56 52.30 115.38 101.51 44.44 11.94 60.24 65.83
1993 1.41 1.71 4.57 5.10 1.24 0.18 0.05 14.26 17.36
% of LTM 99.30 64.29 15033 217.95 62.31 11.11 3.73 98.97 101.76
1994 0.86 1.46 4.51 1.07 0.31 1.08 4.58 13.87 16.14
% of LTM 60.56 54.89  148.36 45.73 15.58 66.67  341.79 96.27 94.61
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Table 3 (cont). Precipitation in inches and percent of long-term mean for perennial plant growing season months,

51

1982- 2023.
Growing Annual
Apr May Jun Jul Aug Sep Oct Season Total

Long-Term

Mean 1.42 2.66 3.04 2.34 1.99 1.62 1.34 14.41 17.06
1982-2023

1995 1.01 4.32 0.68 4.62 3.16 0.00 0.67 14.46 16.24
% of LTM 71.13 162.41 22.37 197.44 158.79 0.00 50.00 100.36 95.19
1996 0.14 3.07 1.86 2.55 1.72 2.51 0.09 11.94 15.97
% of LTM 9.86 115.41 61.18 108.97 86.43 154.94 6.72 82.87 93.61
1997 2.89 0.95 5.02 541 0.76 1.75 0.78 17.56 18.61
% of LTM 203.52 35.71 165.13  231.20 38.19 108.02 58.21 121.88 109.09
1998 0.40 1.51 5.98 2.11 4.60 0.71 4.38 19.69 22.42
% of LTM 28.17 56.77 196.71 90.17  231.16 43.83  326.87 136.66 131.42
1999 1.10 4.93 1.59 1.80 2.70 2.40 0.00 14.52 15.56
% of LTM 77.46 185.34 52.30 76.92 135.68 148.15 0.00 100.78 91.21
2000 1.26 1.90 3.77 2.77 2.74 1.09 1.46 14.99 20.23
% of LTM 88.73 71.43 124.01 118.38 137.69 67.28 108.96 104.04 118.58
2001 2.70 0.53 6.36 4.87 0.00 1.94 0.00 16.40 18.03
% of LTM 190.14 19.92  209.21  208.12 0.00 119.75 0.00 113.83 105.69
2002 1.14 2.18 5.40 4.27 4.24 0.74 0.88 18.85 21.88
% of LTM 80.28 81.95 177.63 182.48  213.07 45.68 65.67 130.83 128.25
2003 1.30 4.34 1.42 2.03 0.82 237 0.74 13.02 19.12
% of LTM 91.55 163.16 46.71 86.75 41.21 146.30 55.22 90.37 112.07
2004 0.89 1.31 1.65 2.30 0.93 2.57 3.10 12.75 16.51
% of LTM 62.68 49.25 54.28 98.29 46.73 158.64  231.34 88.49 96.78
2005 0.96 6.01 6.05 0.60 1.52 0.50 1.96 17.60 21.51
% of LTM 67.61 22594 199.01 25.64 76.38 30.86  146.27 122.16 126.08
2006 2.78 2.82 2.13 0.96 2.87 1.42 2.01 14.99 17.70
% of LTM 195.77 106.02 70.07 41.03 144.22 87.65 150.00 104.04 103.75
2007 1.58 4.64 1.80 1.05 0.78 0.76 0.26 10.87 13.94
% of LTM 111.27 174.44 59.21 44.87 39.20 46.91 19.40 75.44 81.71



Table 3 (cont). Precipitation in inches and percent of long-term mean for perennial plant growing season months,

1982- 2023.
Growing Annual
Apr May Jun Jul Aug Sep Oct Season Total

Long-Term

Mean 1.42 2.66 3.04 2.34 1.99 1.62 1.34 14.41 17.06
1982-2023

2008 0.61 2.79 4.02 1.06 1.02 1.04 1.68 12.22 14.88
% of LTM 42.96 104.89  132.24 45.30 51.26 6420 12537 84.81 87.22
2009 1.49 2.47 3.84 3.24 0.95 1.15 1.95 15.09 17.89
% of LTM 104.93 92.86  126.32 138.46 47.74 70.99 14552 104.73 104.86
2010 1.43 3.70 3.50 1.94 1.39 4.09 0.13 16.18 19.03
% of LTM 100.70 139.10  115.13 82.91 69.85 25247 9.70 112.30 111.55
2011 1.66 6.87 2.15 233 2.70 1.76 0.44 17.91 21.28
% of LTM 116.90  258.27 70.72 99.57 135.68 108.64 32.84 124.31 124.74
2012 2.38 1.58 431 1.98 0.82 0.21 2.35 13.63 15.46
% of LTM 167.61 59.40  141.78 84.62 41.21 1296 17537 94.60 90.62
2013 1.05 7.55 2.23 2.13 2.81 2.44 3.35 21.56 23.22
% of LTM 73.94  283.83 73.36 91.03 141.21 150.62  250.00 149.64 136.11
2014 1.41 3.73 3.38 0.37 8.84 1.03 0.59 19.35 21.11
% of LTM 99.30 140.23 111.18 15.81 44422 63.58 44.03 134.30 123.74
2015 0.60 1.65 4.68 2.87 1.69 1.35 1.96 14.80 17.01
% of LTM 42.25 62.03 153.95 122.65 84.92 83.33 146.27 102.72 99.71
2016 3.44 2.26 1.96 3.61 1.86 2.66 1.80 17.59 19.70
% of LTM 242.25 84.96 64.47 154.27 93.47 180.95 134.33 122.09 115.47
2017 1.30 0.84 1.27 0.72 2.67 2.28 0.08 9.16 10.55
% of LTM 91.55 31.58 41.78 30.77 134.17 140.74 5.97 63.58 61.84
2018 0.48 1.22 4.23 2.01 0.55 1.84 0.66 10.99 14.39
% of LTM 33.80 4586  139.14 85.90 27.64 113.58 49.25 76.28 84.35
2019 1.35 2.52 2.60 1.61 4.70 9.10 1.26 23.14 25.88
% of LTM 95.07 94.74 85.53 68.80  236.18  561.73 94.03 160.61 151.70
2020 0.59 1.45 1.10 2.67 2.56 0.86 0.26 9.49 11.01
% of LTM 41.55 54.51 36.18 114.10  128.64 53.09 19.40 65.87 64.54
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Table 3 (cont). Precipitation in inches and percent of long-term mean for perennial plant growing season
months, 1982-2023.

Growing Annual
Apr May Jun Jul Aug Sep Oct Season Total
Long-Term
Mean 1.42 2.66 3.04 2.34 1.99 1.62 1.34 14.41 17.06
1982-2023
2021 0.26 5.07 1.07 1.03 1.63 0.14 2.70 11.90 13.75
% of LTM 18.31 190.60 35.20 44.02 81.91 8.64  201.49 82.59 80.60
2022 4.16 3.17 2.02 3.71 0.28 0.93 1.84 16.11 20.16
% of LTM 292.96 119.17 66.45 158.55 14.07 57.41 137.31 111.81 118.17
2023 0.30 2.69 1.91 221 3.25 1.32 1.24 12.92 15.42
% of LTM 21.13 101.13 62.83 94.44 163.32 81.48 92.54 89.67 90.39

53



Table 4. Years with annual precipitation amounts of 75% or less of
the long-term mean (LTM).

Year %LTM
1 1988 52.93
2 2017 61.84
3 2020 64.54
4 1992 65.83
5 1990 70.16

Table 5. Years with annual precipitation amounts of 125% or more
of the long-term mean (LTM).

Year %LTM
1 2019 151.70
2 1982 148.36
3 2013 136.11
4 1986 134.60
5 1998 131.42
6 2002 128.25

2005 126.08




Table 6. Years with growing-season precipitation amounts of 75% or
less of the long-term mean (LTM).

Year %LTM
1 1988 36.79
2 1992 60.24
3 2017 63.58
4 2020 65.87
5 1989 73.57

Table 7. Years with growing-season precipitation amounts of 125%
or more of the long-term mean (LTM).

Year %LTM
1 2019 160.61
2 2013 149.64
3 1982 146.38
4 1998 136.66
5 2014 134.30
6 2002 130.83
7 1986 127.43
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Figure 2. Ombrothermic diagram of long-term mean monthly temperature
and monthly precipitation at the DREC Ranch. western
North Dakota, 1982-2023.
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Table 8a. Growing season months with water deficiency conditions that caused water stress in perennial plants
(1982-1989, 1990-1999).

% 6 Months
APR MAY JUN JUL AUG SEP OCT # Months 15 Apr-15 Oct

1980 - -
1981 - -
1982 0.0 0
1983 1.5 25
1984 3.0 50
1985 1.0 17
1986 1.5 25
1987 3.0 50
1988 5.0 83
1989 3.0 50

18.0 38
1990 3.0 50
1991 2.0 33
1992 2.5 42
1993 2.5 42
1994 3.0 50
1995 2.0 33
1996 1.0 17
1997 1.0 7
1998 - 1.5 25
1999 0.5 8

19.0 32



Table 8b. Growing season months with water deficiency conditions that caused water stress in perennial plants

(2000-2009, 2010-2019).

% 6 Months

APR MAY JUN JUL AUG SEP OCT # Months 15 Apr-15 Oct

2000 1.0 17
2002 1.0 17
2003 1.0 17
2004 1.0 17
2005 3.0 50
2006 1.0 17
2007 3.5 58
2008 3.0 50
2009 2.0 33

19.0 32
2010 1.5 25
2011 0.5 8
2012 2.0 33
2013 0.0 0
2015 0.0 0
2016 0.0 0
2017 3.5 58
2018 1.0 17
2019 0.0 0

11.0 18
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Table 8c. Growing season months with water deficiency conditions that caused water stress in perennial plants
(2020-2029, 2030-2039).

% 6 Months
APR MAY JUN JUL AUG SEP OCT # Months 15 Apr-15 Oct

2020 2.5 42

2021 3.5 58

2022 2.0 33

2023 0.0 0

2024

2025

2026

2027

2028

2029

8.0 33

2030

2031

2032

2033

2034

2035

2036

2037

2038

2039
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Table 9. Growing season months with water deficiency, 1982-2023.

% 6 Months
APR MAY JUN JUL AUG SEP OCT # Months 15 Apr-15 Oct

TOTAL 6 4 6 14 19 22 14 75.0 29.8
% of 42
YEARS 14.3 9.5 14.3 333 452 524 333

Table 10. Monthly precipitation and running total precipitation compared to the long-term mean (LTM), 2023.

Monthly Precipitation (in) Running Total Precipitation (in)
Running Running
LT™M Precipitation LT™M Precipitation

Months 1982-2022 2023 % of LTM 1982-2022 2023 % of LTM
Jan 0.43 0.33 76.74 0.43 0.33 76.74
Feb 0.44 0.25 56.82 0.87 0.58 66.67
Mar 0.73 1.78 243.84 1.60 2.36 147.50
Apr 1.45 0.30 20.69 3.05 2.66 87.21
May 2.66 2.69 101.13 5.71 5.35 93.70
Jun 3.07 1.91 62.22 8.78 7.26 82.69
Jul 2.34 2.21 94.44 11.12 9.47 85.16
Aug 1.96 3.25 165.82 13.08 12.72 97.25
Sep 1.63 1.32 80.98 14.71 14.04 95.45
Oct 1.35 1.24 91.85 16.06 15.28 95.14
Nov 0.56 0.02 3.57 16.62 15.30 92.06
Dec 0.49 0.12 24.49 17.11 15.42 90.12
Total 17.11 15.42 90.12
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Surface Applied Lime Impacts on North Dakota No-till Soils
Chris Augustin
701-456-1100 chris.augustin@ndsu.edu
Introduction
Soils become acidic from the mineralization of ammonium-based fertilizers. Hydrogen which causes
acidity is released as the nitrogen fertilizer nitrifies into nitrate. No-till soils are particularly susceptible to
acidification from the lack of mixing subsurface alkaline products and the tendency to apply ammonium-
based fertilizers at or near the soil surface.

Soil pH controls chemical weathering and soil solution chemical activity. Phosphorus (P) and aluminum
(Al) are two elements that greatly impact crop production and are dependent on soil pH. Phosphorus is
most readily plant available when the soil pH is approximately six to seven. When soil pH is less than 5.5,
Al becomes soluble, binds to P, and renders P unavailable to plants. Additionally, Al can have a toxic
effect to plants that stunt and deform root growth and reduces seed germination. Free Al in the soil
solution hydrolyzes water which further acidifies the soil. Soil pH less than 5.5 can reduce bacteria
activity and increase nitrogen deficiencies.

Calcium-carbonate (lime) neutralizes acidity and is a common liming amendment. Agriculture lime is not
readily available in North Dakota. However, a waste product of the sugarbeet refining process (SBWL) is
comprised of lime.

Lime requirement recommendations have not been developed for North Dakota. This project investigated
the impacts of surface applied SBWL on acidic no-till soils in North Dakota.

Methods

Twenty-four sites were established in the spring of 2021 and 2022. Soil pH at the 0-3 in depth was less
than 5.5. Collaborating producers planted and managed their crop. Experimental design was a randomized
complete block design with four replications. Hoops with a 36 in diameter were placed in the field and
spaced at least 10 ft away from adjacent hoops. Soils were collected within 1 ft outside of the hoop. Soil
was sampled by a hand probe at the 0-3, 3-6, and 0-6 in depths. Sugarbeet waste lime treatments were
hand applied within the hoop after initial soil sampling. Treatments were 0, 0.5, 1, 2, 4, 8, and 16 tons
lime/ac. The SBWL contained 0.6 lbs nitrate/ton, 5.2 lbs P/ton, 0.9 1bs potassium/ton, 75.5 % calcium
carbonate equivalence, and 14% moisture.

Post-harvest, October/November, soil samples were collected by a hand probe within the hoop at the 0-3,
3-6, and 0-6 in depths. Soils were analyzed to determine soil pH impacts.

Results

All sugarbeet waste lime treatments increased the soil pH of the 0-3 and 0-6 in depths (Table 1), except
for the 0.5 t/ac treatment. The regression analysis procedure produced statistically significant polynomial
regressions for environments having a buffer pH of 5.9, 6.1, 6.3, 6.4, 6.5, 6.6, 6.7, 6.8, and 6.9 (Table 2).
A stepwise regression procedure was used to fill in the gaps for the soil buffer pH of 6.0 and 6.2

Up to two tons of lime/ac reacted with the soil in one growing season. Future research will evaluate the
lime recipe and assess lime application timing and application methods.
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Table 1. Beet lime impacts on soil pH by depth.

Treatment Soil pH (inches)
Calcium Carbonate Effectiveness

T/ac 0-3 3-6 0-6
0 5.16c 5.54 54lc
0.5 5.16¢c  5.52  5.30cd
1 5.31b 552 5.40cd
2 5.35b 5.5 5.60b
4 5.5la 549 5.77a
8 533b 559 5.75a
16 5.37ab 5.5 5.73a
Variance 0.213 0213 0.126
P-value <.0001 NS <.0001

Table 2. Tons of calcium carbonate equivalent needed to
remediate acid soils at the 0-3 inch depth.

Tons Calcium Carbonate Equivalent/acre

for Desired Soil pH

Buffer pH

Desired pH 5.5 6 6.5

—————————— 0-3 inch soil depth----------

5.9% 3.6 5.1 6.6
6.0t 1.8 5.7 9.9
6.1% 2.2 3.2 4.1
6.2 4.6 53 7.7
6.3% 34 4.7 6.1
6.4% 2.9 6.6 12.2
6.5% 1.4 4.2 9.4
6.6* 2.9 6.2 11.0
6.7% 1.8 4.5 6.8
6.8% 0.7 1.8 4.5
6.9% 0.0 0.0 3.0
7.0% 0.0 0.0 1.0

*Indicates statistically significant at the 0.05 level.
tRecommendations are based off of stepwise regression
procedure.

We thank the North Dakota Wheat Commission, North Dakota Soybean Council, North Dakota Corn
Council, and Northern Canola Growers Associaiton for their financial support to conduct this research!



Soil Test 0-3 Inches to Pinpoint Acidity Acres
Chris Augustin
Dickinson Research Extension Center
701-456-1100; chris.augustin@ndsu.edu

Introduction

Soil acidity is a soil health issue that reduces fertilizer efficiency through nutrient tie-up and aluminum
toxicity. Aluminum toxicity further hinders plant growth and nutrient uptake by stunting and malforming
root development. Nitrogen fertilizers mineralize into plant available nitrate. During the mineralization
process, hydrogen is released and causes a localized zone of acidity.

Acid soil is corrected by applying a carbonate (lime) or other soil amendment that neutralizes the
positively charged hydrogen ion. Lime is comprised of calcium-carbonate. Calcium does not neutralize
soil acidity as calcium and hydrogen are positively charged soil cations and repel from each other.
However, the carbonate in lime is negatively charged and produces water and carbon-dioxide when
neutralizing hydrogen ions that cause soil acidity.

Having said that, the first step in managing soil acidity is to soil test. Whole field or composite soil testing
will rarely render a good picture or truly show the status of your field since there is a dilution effect from
the mixing of different soil types. Zone sampling a field will better pinpoint the acid acres in a given field.

Methods

This study compared the soil pH at the 0-6, 0-2, 2-4, 4-6, 0-3, and 3-6 inch depths at 12 different sites
spread across North Dakota. Each research location had three replications. A total of 215 samples were
analyzed. All collaborating producers were long-term no-tillers who applied nitrogen at the surface or a
few inches into the soil. The producers reported that their soil acidity increased during the recent years.

Results

The lowest pH was observed at the 0-3 inch depth and was similar to the 0-2 inch depth (Figure 1). The 4-
6 and 3-6 inch soil pH were the highest. This data suggests that the 0-3 inch soil test will more likely
identify soil acidity issues. The 0-2 inch soil test was similar to the 0-3 inch soil test, but much more
sampling is needed for the soil testing and adds a lot of time. Additionally, the 0-2 inch depth may not
identify if an acidity hotspot is present as the pH was similar to the 0-6 inch soil test depth (Figure 1).
Some large seeded crops such as field pea are planted deeper than two inches. The 0-2 inch depth doesn’t
account for the soil environment around the deeper planted seeds whereas the 0-3 inch depth does.

Summary

Soil sampling depth impacts soil pH test results. Soil sampling at the 0-3 inch depth pinpoints the acidity
acres when paired with precision soil sampling.
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Figure 1. The impacts of soil sample depth on soil pH.

We thank the North Dakota Wheat Commission, North Dakota Soybean Council, North Dakota Corn
Council, and Northern Canola Growers Associaiton for their financial support to conduct this research!
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Phosphorus Fertilizer Impacts on Soybean Yield
Chris Augustin 701-456-1100 chris.augustin@ndsu.edu

Introduction

Soybean is a new crop for many west river farmers. Fertilizer trials are needed to help producers better
manage their inputs. This project looked at the impact of phosphorus fertilizer on soybean yield at the
Dickinson Research Extension Center.

Methods

The experimental location had an Olsen phosphorus test of 5 ppm and soil pH of 5.6. Triple Super
Phosphate (0-46-0) was hand applied shortly after planting. Phosphorus treatments were 0, 23, 46, 69, and
92 Ibs P,Os/ac. Plots were 30x10 ft with four replications. The middle five feet of each plot was harvested
to reduce the impact of adjacent treatments. The soybean variety NDSU 17009GT was planted at 150,000
pls/a.

Results

Even though the initial phosphorus test of 5 ppm would be considered “low”, the phosphorus treatments
did not impact soybean yield (Table 1). Many researchers have found soybean to be an efficient nutrient
scavenger and phosphorus results are conflicting. More research on this will occur with multiple sites
each year to develop a better understanding of soybean phosphorus management.

Table 1. Phosphorus impacts on

soybean yield.

Phosphorus Yield
(Ibs P,Os/ac) (bu/ac)
0 16.4
23 18.5
46 16.6
69 18.0
92 18.3
P-value 0.24
C.V. 8.82

We thank the North Dakota Soybean Council for their financial support for this project!
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Sulfate Fertility Impacts on Canola Grown in Southwest North Dakota
Chris Augustin 701-456-1100 chris.augustin@ndsu.edu

Introduction

Canola acres have significantly grown in southwest North Dakota. Sulfur has been found to be an
essential nutrient of canola. Current NDSU recommendations are to apply 20 Ibs of sulfate per acre in
areas south and west of the Missouri River. This research is being conducted to assess sulfate fertilizer
impacts on canola in the warmer and drier climate of southwest North Dakota.

The objectives of this research are to:
-Evaluate sulfur fertilizer rates on canola yield and quality.
-Evaluate different sulfur fertilizer sources on canola yield and quality.

Methods

Research was conducted at the NDSU-Dickinson Research Extension Center. Sulfate treatments were 0,
10, 20 and 30 Ibs sulfate per acre. Fertilizer sources were ammonium sulfate (AMS), elemental sulfur (E-
S), and gypsum (Gy). Nitrogen applications were 0, and 120 lbs of nitrogen per acre. Fertilizer treatments
were hand applied shortly after canola was planted. Nitrogen fertilizer was urea. The plots that did not
receive 120 lIbs N/ac were supplemented with urea to equal the nitrogen amount from the 30 Ibs AMS/ac
treatment. The initial soil test was 35 Ibs nitrogen/ac, 15 ppm phosphorus/ac, 278 ppm potassium/ac, 12
Ibs sulfate/ac, 3.3% organic matter, and soil pH of 5.8. Canola was solid seeded on May 18 and fertilizer
was hand applied the following day. Plots were 30x10 ft with four replications. The middle five feet of
each plot was harvested with a plot combine to reduce the impact of adjacent treatments.

Results

Fertilizer treatments did impact yield (Table 1). However, it is difficult to distinguish a recommendation
from one year of data. The AMS fertilizer produced the response curve with the greatest R? value (Figure
1). This suggests that AMS was the most reliable sulfur fertilizer source. The R? values of the gypsum and
elemental sulfur curves were not statistically significant. We plan to continue this study to help you better
manage your canola fertility program. More research is needed to draw a conclusion.
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Table 1. Fertilizer impacts on canola yield.

Fertilizer Treatment* Yield**
Ibs/ac

20 Gy 734a
20 AMS + 120N 724ab
I0E-S+ 120N 713ab
10 AMS 679ab
30 AMS + 120N 677ab
10Gy + 120N 675ab
20 E-sulfur 663ab
20 AMS 663ab
0S 659ab
30 AMS 647ab
30E-S+ 120N 646ab
10 AMS + 120 N 632ab
0S+ 120 N 626ab
30 E-S 619ab
30Gy + 120N 617ab
20 Gy + 120N 591b
10 Gy 581b
30 Gy 580b
20 E-sulfur 563b
I0E-S+ 120N 550b
120 N Average 656
No Nitrogen Average 627
Plot Average 641

*Gypsum (Gy), Ammonium Sulfate (AMS), Elemental
Sulfur (E-S)

**Different letters indicate statistical differences at the
0.05 level.
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Figure 1. Sulfate plus 120 Ibs N/ac fertilizer treatments trendlines.

We thank the Northern Canola Growers Association for their financial support for this project!
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Sulfate Fertilizer Impacts on Wheat Yield
Chris Augustin chris.augustin@ndsu.edu 701-456-1100

Introduction

Sulfur is a micro-nutrient however, many are starting to condsider sulfur more so a macro-nutrient as the
frequency of sulfur deficiencies have increased. The objective of this project is to help spring wheat
producers better manage their sulfur fertilizer.

Methods

This is the first year of a multi-year/site research project. ND Vitpro was planted at a rate 1 million pls/ac
on May 15. Plots were 10 x 25 ft with four replications. The middle five feet of each plot was harvested
with a plot combine for data to reduce the impact of adjacent treatments. Fertilizer treatments were 0, 5,
10, 15, and 20 Ibs sulfur/ac. Sulfur fertilizer sources were amonium sulfate (AMS), gypsum, and
elemental sulfur (E-sulfur). Fertilizer was hand applied two days after planting. Plots were supplimented
with urea and monammonium phosphate to equal 125 Ibs nitrogen/ac and 20 1bs P»Os/ac respectively
across all plots. The initial soil test was 49 1bs nitrogen/ac, 16 ppm Olsen phosphorus test, 276 ppm
potassium, 10 Ibs sulfur/ac, 3.2% organic matter, and soil pH of 5.5.

Results

Fertilizer treatments did impact spring wheat yield (Figure 1). However, conclusions are difficult to make
with one growing season of data. Research does suggest that a fertilizer response is more likely with AMS
than gypsum or E-sulfur. This is likely due to sulfur being more plant available from AMS versus gypsum
or E-sulfur. This research will continue and results will be shared as the project progresses.
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Figure 1. Sulfur fertilizer impacts on hard red spring wheat yield.

We thank the North Dakota Wheat Commission for their financial support for this project!
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Research Brief:

Reproduction is the most profitable single management tool for the beef cattle enterprise. Heifers that
become pregnant at the first service and calve early within the first 21 days of the calving season produce
more pounds of beef compared to their later calving counterparts and have a greater probability of becoming
pregnant early in subsequent breeding seasons (Burris and Priode, 1958). Moreover, heifers that calve early
with their first calf have greater herd longevity and lifetime productivity compared to those that calve in
the second 21 days or later (Cushman et al., 2013). In addition to the importance of pregnancy and early
calving, accessing elite sires artificially ensures that replacement heifers have above average production
opportunity due to genomic enhanced genetic potential.

Integrated crop-livestock beef cattle systems research at the NDSU-Dickinson Research Extension
Center (DREC), has shown that regardless of steer frame score extended grazing of perennial and annual
forages and delayed feedlot entry supported comparable meat quality and was consistently more profitable
than feedlot control steers (Senturklu et al., 2018; 2019). This previous yearling steer grazing performance
would be nutritionally supportive and is an ideal management system for replacement heifer development.

First service TAI using a 14-day Controlled Internal Drug Release® (CIDR-PGF2a-GnRH) program
results in consistent pregnancy rates of 50-60% (Perry et al., 2012, 2015). A principal result from the use
of progesterone delivered from a CIDR is to manipulate follicular waves by preventing the negative effect
of premature PGF», release from the uterus on corpus luteum survival (Patterson et al., 2019). For virgin
heifers, a 14-d CIDR followed by PGF,, 16 d after CIDR removal and GnRH at the time of insemination
66 hr.+2hr after PGF,, has been a cost-effective timed artificial insemination (TAI) program. Moreover,
using a single-TAI procedure produces heifers that are timed to calve early and the cost for keeping easy-
calving heifer bulls year-around is eliminated.

The first objective for this long-term research and extension project is to evaluate reproductive
performance of a traditional TAI program in which clean-up bulls are used after a single-TAI breeding and
non-pregnant heifers are sold as feeder cattle after an 85-day pregnancy exam, and compare to a single-TAI
program without cleanup bulls. Since cleanup bulls are not used, all non-pregnant heifers graze annual
forages grown in multi-crop rotation and feedlot entry is delayed until fall and early-winter grazing has
been completed. The finished heifers are marketed “in the meat” on a carcass grid basis.

The second project objective is to determine the combined economic value of bred heifers and the sale
of open heifers compared to the combined value of bred heifers and carcass value of open heifers after
finishing.

The third objective is to train students in estrous synchronization management techniques and cattle

artificial insemination, and the fourth objective is to conduct a beef cattle producer heifer development
survey comparing heifers developed in drylot to heifers developed in a pasture system.
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Preliminary Results:
Year 1:

The project is designed to compare control heifers reared in drylot (DLOT) and fed hay and
supplement to heifers managed grazing either native range (NR) or a combination of native range and
annual forages (winter wheat, field pea-barley, corn, cover crop) grown in an integrated diverse annual
forage cropping system (IAF), which are bred using a common single Timed-Al protocol (14d CIDR-PG-
GnRH) and all non-pregnant heifers are finished for grid marketing. As such, following synchronization
clean-up bulls are placed with the DLOT control heifers; however, there are no clean-up bulls placed with
the grazing treatments.

Heifers in the study grazed native range and annual forages for a period of 121 days and during the
period total gain per heifer was 74.3, 263.5, and 278.9 1b (P = 0.001), and synchronized timed-Al
pregnancy rates were 59.4, 43.8, and 62.5% (P = 0.27) respectively, for the DLOT, IAF, and NR
treatments. Total pregnancy rate of 90.6% in the drylot control group was significantly greater than the
ANN forage group (43.8%), and the NR total pregnancy rate of 62.5% (P = 0.002) did not differ from
either the DLOT or ANN treatment groups.

Grazing heifer feedlot performance for the IAF forage and NR had numerical differences; however,
there was no measurable difference for starting weight (997 vs 961 1b, P = 0.29), ending weight (1,344 vs
1323 1b, P = 0.74), feedlot finishing gain (347 vs 362 Ib, P = 0.69), ADG (3.13 vs 3.26 lb/day, P = 0.70),
daily DM feed intake (33.13 vs 32.4 Ib/day, P =0.73), feed to gain ratio (10.66 vs 10.05 lb/day, P = 0.42),
daily feed cost ($4.38 vs $4.30/day, P = .73), feed cost/Ib gain ($1.41 vs $1.34, P=0.51), and feed and
yardage cost/Ib gain ($1.55 vs $1.47, P =0.55).

Non-pregnant grazing heifers from the IAF and NR treatments were harvested at the Cargill Meat
Solutions federally inspected packing plant located in Ft. Morgan, Colorado. Similar to the feedlot heifer
growth performance and efficiency data, grazing heifer carcass measurements did not differ between
treatments for, HCW (814 vs 805 Ib, P = 0.83), dressing pct (60.7 vs 61.0, P = 0.69), marbling score (524
vs 531, P =0.78), and percent Choice/Prime (100% vs 100%).

Economic analysis for the DLOT, IAF and NR systems including a summary of expenses, income,
net return, and margin between the drylot control, IAF, and NR systems is shown in Table 1. The
expenses include heifer calf cost, mixed hay cost in the drylot confinement, 20% CP range cake, native
range grazing cost for the IAF and NR systems, farming cost for the IAF system, Al expenses for semen,
CIDR’s, prostaglandin (PGF2a), gonadotropin releasing hormone (GnRH), Al technician, breeding barn
cost, clean-up bull depreciation (5-year property, straight line, half-year convention), finishing feed and
yardage cost, and freight to the feedlot and packing plant.

All single-TAI heifer development systems’ net returns were profitable. However, the conventional
DLOT control system heifers were the most profitable returning $459.25/heifer. Net returns for the IAF
and NR systems were $221.15 and $327.54/heifer, respectively.

Year 2:

Heifers in the study grazed native range and annual forages for a period of 149 days and during the
period total gain per heifer was 115.2,226.2, and 191.8 1b (P = <0.001), and first service synchronized
timed-Al pregnancy rates were 68.8, 46.9, and 34.4% (P = 0.016) respectively, for the DLOT, IAF, and
NR treatments. Total pregnancy rate for the DLOT control group was 100.0%; however, in the IAF and
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NR groups where clean up bulls were not used total pregnancy rate was as previously stated: 46.9 and
34.4% respectively.

Grazing heifer feedlot performance for the IAF forage and NR were as follows for starting weight
(1104 vs 1005 1b, P =0.007), ending weight (1,477 vs 1330 Ib, P = 0.004), feedlot finishing gain (315 vs
271 b, P =0.05), ADG (2.37 vs 2.04 1b/day, P = 0.06), daily DM feed intake (44.3 vs 44.2 lb/day, P =
0.98), feed to gain ratio (15.7 vs 18.1 Ib/day, P = 0.11), daily feed cost ($4.36 vs $4.33/day, P = .94), feed
cost/Ib gain ($1.84 vs $2.12, P =0.11), and feed and yardage cost/lb gain ($2.02 vs $2.33, P =0.092).

Non-pregnant grazing heifers from the IAF and NR treatments were harvested at the Cargill Meat
Solutions federally inspected packing plant located in Ft. Morgan, Colorado. Similar to the feedlot heifer
growth performance and efficiency data, grazing heifer carcass measurements were as follows for HCW
(834 vs 751 Ib, P = 0.004), dressing pct (58.8 vs 58.8, P =0.99), fat depth (0.60 vs 0.55-inch, P=0.29),
marbling score (516 vs 519, P = 0.94), and percent Choice/Prime (100% vs 100%).

Economic analysis for the DLOT, IAF and NR systems including a summary of expenses, income,
net return, and margin between the drylot control, IAF, and NR systems is shown in Table 2. The
expenses include heifer calf cost, mixed hay cost in the drylot confinement, 20% CP range cake, native
range grazing cost for the IAF and NR systems, farming cost for the IAF system, Al expenses for semen,
CIDR’s, prostaglandin (PGF2a), gonadotropin releasing hormone (GnRH), Al technician, breeding barn
cost, clean-up bull depreciation (5-year property, straight line, half-year convention), finishing feed and
yardage cost, and freight to the feedlot and packing plant.

The second year of this single-TAI heifer development evaluation resulted in net returns were also
profitable for all of the methods evaluated. Again, the conventional DLOT control system heifers were
the most profitable returning $724.97/heifer. Net returns for the IAF and NR systems were $370.17 and
$429.66/heifer, respectively.

For the integrated annual forage and native range grazing system, factors contributing to the lower
annual forage net return were farming costs, finishing feed and yardage expense, and freight to the feedlot
and packing plant. The lower native range system net return was attributed to feedlot feed and yardage
expense plus freight cost to the feedlot and packing plant.

Since this heifer development systems research project includes multiple years of data collection, the
systems’ net return may change as data from years three and four are added to the database.
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Cattle, December 3-4, Sioux Falls, South Dakota.
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yearling steer sequence grazing of perennial and annual forages in an integrated crop and livestock system
on grazing performance, delayed feedlot entry, finishing performance, carcass measurements, and
systems economics. J. Anim. Sci., Vol. 96(6):2204-2218.

Senturklu, S., D. G. Landblom, and S. L. Paisley. 2019. Effect of cover crop bale feeding (grazing) after
native range or annual forage on steer grazing and feedlot performance, carcass measurements and

carcass value. North Dakota Beef Report #1938, pp 24-28.
Table 1. Single TAI heifer development expense, income, and net return/heifer (Year 1).

DLOT - Control IAF NR
No. Hfr/System 32 32 32
Expense $865.18 $1,479.27 $1,333.68
Income

Bred Hfr. (No./Amt)

29/$1,336.58

14/$1,508.33

20/$1,577.99

Open Hfr. (No./Amt) 3/$1,206.96

Finished Hfr. Carcass Value (No./Amt) 18/$1,849.83 12/$1,799.93

Gross System Amt, $ $42,381.70 $54,413.56 $53,158.96

Gross System Amt/Hfr., $ $1,324.43 $1,700.42 $1,661.22
System Net Return/Hfr, $ $459.25 $221.15 $327.54
System Net Return vs. DLOT Control, $ -$238.09 -$131.71

Table 2. Single TAI heifer development expense, income, and net return/heifer (Year 2).

DLOT - Control IAF NR
No. Hfr/System 32 32 32
Expense $894.98 $1,631.48 $1,525.80
Income

Bred Hfr. (No./Amt)

32/$1,619.95

15/$1,641.02

11/$1,671.64

Open Hfr. (No./Amt) 0/$0.00

Finished Hfr. Carcass Value (No./Amt) 17/$2,319.82 21/$2,104.13

Gross System Amt, $ $51,838.40 $64,052.70 $62,574.67

Gross System Amt/Hfr., $ $1,619.95 $2,001.65 $1,955.46
System Net Return/Hfr, $ $724.97 $370.17 $429.66
System Net Return vs. DLOT Control, $ -$354.80 -$295.31
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Practical Use of Legume Crops in Diverse Crop Rotations
Douglas Landblom', Songul Senturklu'~, and Larry Cihacek®

INDSU Dickinson Research Extension Center, Dickinson, North Dakota
’Canakkale Onsekiz Mart Universities, Canakkale, Turkey
SNDSU Dept of Natural Resource Sciences, Fargo, North Dakota

Introduction

Bacteria are ubiquitous living organisms found virtually everywhere in nature that can withstand
extreme hot and cold temperatures. All plant life depends on a wide array of nutrients for growth and
production; however, nitrogen is needed in large amounts and is made available to plants in multiple ways.
Initially, soil organic matter (SOM) is decomposed through microbial activity resulting in inorganic
ammonium nitrate and nitrate nitrogen, which are readily taken up by plants for growth. Leguminous plants,
such as those shown in Table 1, for example, develop symbiotic bacterial relationships with plants and
extract nitrogen (N») from the atmosphere making inorganic nitrogen available directly to the plant.
Specialized rhizobia bacteria that live in nodules formed on legume plant roots are instrumental for the
supply of inorganic nitrogen to the plant. In return, the symbiotic leguminous plant relationship supplies
the nitrogen-fixing bacteria with energy from plant sugars.

Table 1. Characteristics and uses of common legume crops grown in North Dakota

Growth | Water | Plant
Cycle Use Structure | Common Use
Field Pea Annual Low Upright Grain, Hay, Cover Crop
Soybean Annual Medium | Upright Many Food Products, Animal Feed, Industrial
Products: ink, vegetable oil, margarine, paint,
biodiesel, solvents, hydraulic fluids
Lentil Annual Low Upright/ Food Products: heart healthy, anti-
Spreading | inflammatory, rich in antioxidants
Dry Beans Annual Medium | Upright Food Products: soups, salads, snack foods
Alfalfa Perennial | High Upright Hay: High feed value; Food: Alfalfa sprout
Chickpea Annual Medium Food Products: soups, salads, snack foods
Sanfoin Perennial | High Upright Hay or Grazing: Non-bloating legume
Sweetclover Biennial | Medium | Upright Hay or Grazing: Has bloat potential. Mold is
a problem and must be baled dry! Mold
fungus converts coumarin to dicoumarol an
anti-clotting agent. Management key:
alternate feeding with unrelated hay.
Berseem Clover | Annual Low Upright Cover crop mixes
Red Clover Biennial | Medium | Upright Cover crop mixes
&
Perennial
White Clover Perennial | Medium | Upright Cover crop mixes
Cow Pea Annual Low Upright/ Cover crop mixes
Spreading
Hairy Vetch Annual Medium | Upright/ Cover crop mixes
& Spreading
Biennial

Carbon-Nitrogen Ratio
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Nutrients found in soil organic matter are not directly available for plant growth until nutrients become
available in inorganic forms through a process identified as microbial nutrient cycling. Various organic
substances subjected to microbial decomposition decompose at different rates with respect to the residue’s
ratio of carbon to nitrogen. The C:N ratio of a few organic materials is shown in Table 2. Crop residues
with low C:N ratios exposed to microbial nutrient cycling result in nitrogen availability for succeeding
crops in a crop rotation. Crops that have high nutrient requirements such as corn and sunflower respond
well to nitrogen from previous crops in a crop rotation that have low C:N ratios. Provided adequate soil
moisture exists, microbial nutrient cycling supports soil nitrification that can replace a significant portion
of the commercial nitrogen (urea) applied to crops. Cover crop mixes formulated at the Dickinson Research
Extension Center (DREC) with a minimum of 60% leguminous crops in the mix have a C:N ratio of
approximately 35%.

Table 2. Approximate Carbon: Nitrogen ratio of different organic substances.

Organic Substance C:N Ratio
Soil Microbes 8:1
Ideal Microbial Diet 24:1
Pea residue 29:1
Hairy Vetch 11:1
Clover 13:1
Alfalfa (Early Bloom) 13:1
Alfalfa Hay (Mature) 25:1
Corn Residue (Stover) 57:1
Straw (Wheat, Oat, Barley) 80:1
Newspaper 120:1
Sawdust 400:1
Adapted from:

Midwest Cover Crops Field Guide, Third Edition, ID-433, midwestcovercrops.org

Cover Crop Chart, USDA-ARS Northern Great Plains Research Laboratory,
www.mandan.ars.usda.gov

Magdoff, F. and H. Van Es. 2021. Building Soil for Better Crops, Fourth Edition, Sustainable
Agriculture Research and Education (SARE), Handbook Series Book 10.

Crop Rotations, Legumes, and Biodiversity

Cropping systems differ from natural undisturbed native range systems that are stable and have
evolved over thousands of years. Well managed crop rotations fit available soils, environmental conditions,
and capitalize on crop complementarity. Successful farm managers evaluate a soil’s current condition and
study cropping procedures and sequences that will improve soil health resulting in improved crop
productivity, while reducing reliance on commercial fertilizers. The DREC has had a long-term integrated
crop and livestock system in place from 2010-2023. For the investigation, spring wheat grown continuously
on the same land has been compared to spring wheat grown in a five-crop rotation that included spring
wheat, corn, and sunflower, and crop mixtures formulated with legumes (Dual: winter (triticale-hairy
vetch)/summer (7-specie cover crop) and a field pea (60%)-forage barley (40%) mix). Due to the semi-arid
region where the DREC is located, crops grown in the diverse rotation (Table 3) were placed in the rotation
sequence based on legume nitrogen fixing characteristic, plant estimated water use, potential root residue
volume, and each crop’s potential to form arbuscular mycorrhizal fungi root associations. Yearling steers
grazed the field pea-forage barley mix, forage corn, and the cover crop. Collectively, the rotation includes
the five principles of soil health: 1) Soil armor, 2) Minimized soil disturbance, 3) Plant diversity, 4)
Maintaining a live plant or root in soil, and 5) Livestock integration. Although livestock grazing was a
significant component of this research, non-livestock farms or livestock farms without the necessary
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infrastructure for grazing substitute with high value legume crops such as soybean, dry edible bean, lentil,
or chickpea in the rotation as alternatives to the field pea-forage barley mix grown for grazing.

Table 3 Five-Crop Rotation (Three Field Replicates/Treatment).

Field 1 Spring Wheat

Field 2 Dual Cover Crop: Fall seeded Winter Triticale 7-Specie Cover Crop after
and Hairy Vetch following spring wheat harvest and cut for | hay; 60% legume
hay mid-June the next spring

Field 3 Forage Corn

Field 4 Field Pea — Barley Mix (60% Pea, 40% Barley)

Field 5 Sunflower

What has been learned from the research?

Over the 10-year period, which is considered to be “long-term” due to the span of 10 years, soils in
control and rotation spring wheat, and the rotation crops were sampled routinely. The presence of
leguminous crops in the crop rotation coupled with livestock grazing had a long-term impact on soil nitrate
nitrogen (NOs-N) change over time. Figure 1 shows trendline slopes for the control spring wheat and spring
wheat grown in the 5-crop rotation. Cihacek, et al. (2022) documented a -3.3 pounds of N/year for the
control spring wheat compared to 0.7 pounds N/year for the rotation spring wheat.

Nitrate-N Changes

Figure 1. Ten-year
change in soil nitrate

e CSW nitrogen (NOs-N)
RSW (Cihacek et al. 2022).
......... Linear (csw)
Linear (RSW)
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A second primary principle gleaned from the soil health research is the relationship between soil
organic matter and potential microbial nitrogen mineralization. Nitrogen mineralization dynamics clearly
show the importance for cropping systems that increase soil organic matter year over year, because without
continued cropping system emphasis on SOM the percent available to feed the soil microbial population
will decline. Declining SOM translates in to declining potential for mineralized ammonium nitrate and
nitrate nitrogen. Data from Dr. Cihacek’s laboratory has identified that there is a potential for 16.8 pounds
of mineralizable N/acre for each 1.0% increase in soil organic matter. With this information, the farm
manager must actively rotate crops in a manner that will maintain a constant supply of organic matter to
the soil.

Figure 2. Potential microbial mineralizable nitrogen for each 1.0% increase in SOM (Cihacek et al.)

2014 and 2016 Potential Mineralizable Nitrogen
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Abstract
Soil Health Using Haney Biological Analysis in Calcareous Soils in Semi-Arid Environments
Rashad Alghamdi', Songul Senturklu®?, Douglas Landblom?, and Larry Cihacek!

'Soil Science Department, North Dakota State University, Fargo, North Dakota 58108

“North Dakota State University, Dickinson Research Extension Center, Dickinson, North Dakota
58601

3Canakkale Onsekiz Mart Universities, Canakkale, Turkey 17200

Holistic agricultural management system approaches in semi-arid regions have been increasing
widely. The effect of crop rotation, cover crop incorporation, and beef cattle integration under no-
till systems has been at the forefront of regenerative farming processes to investigate the effect of
the environment (precipitation and temperature) and the holistic farming operations. A 10-year
study from 2011 to 2021 was conducted using the Haney biological analysis test. Hard Red Spring
Wheat (HRSW-C) was grown continuously and compared to Hard Red Spring Wheat (HRSW-R)
grown in a five-crop rotation dual cover crop (fall seeded winter triticale-hairy vetch and spring
seeded multi-specie cover crop), silage corn, field pea-forage barley mix, and sunflower. The 1.74
ha fields were triple replicated. Beef cattle were integrated into the system to evaluate the potential
economic benefits and biological effects on the soil. Soil samples were collected annually at the
0-8cm soil depth from 18 sample plots at the same time every year following harvest. Upon
collection, samples were immediately placed into plastic bags and stored in a cooler with ice and
sent to the lab for analysis. Lab analysis was conducted for soil pH, soluble salt, soil organic matter,
NOs-N, NHs-N, inorganic N, total phosphorus, inorganic phosphorus, organic phosphorus,
potassium (K), calcium (Ca), aluminum (Al), iron (Fe), sulfur (S), zinc (Zn), manganese (Mn),
copper (Cu), magnesium (Mg), sodium (Na), and percent microbial active carbon. The results of
this study may help inform producers in the region, and those in semi-arid environments, to
consider adoption of such a system. The HRSW-C had significantly less N, P, Ca, CO»-
Carbohydrate, Haney Test N, Mg, salts, and sulfur. The HRSW-R had significantly greater soil
pH (pH = 6.3) compared to the HRSW-C (pH = 5.7); however, corn pH (6.4) in the rotation did
not differ. Compared to the HRSW-C, N, Ca, OM, and Mg were significantly greater in the
HRSW-R.

Alghamdi, R., Senturklu, S., Landblom, D., Cihacek, L. J. (2023) Soil Health Using Haney Biological
Analysis in Calcareous Soils in Semi-Arid Environments [Abstract]. ASA, CSSA, SSSA International
Annual Meeting, St. Louis, MO. https://scisoc.confex.com/scisoc/2023am/meetingapp.cgi/Paper/153051
(Poster)
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"Douglas Landblom, Lauren Hanna, *Bryon Parman, *George Perry,
SSteve Paisley, and '*Songul Senturklu
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Research Brief:

Reproduction is unquestionably the single most important criterion in the beef cattle enterprise,
because profitability begins with new birth, which is the initiator of new wealth. It is from the
American ranchers who devote their resources and every ounce of energy into producing new
wealth that accompanies each newborn calf.

Replacement heifers are literally the backbone of any beef cattle operation’s future
performance, efficiency, and profitability. Therefore, selecting and breeding heifers to elite sires
with known performance and efficiency traits is of utmost importance to the business enterprise
sustainability. Because reproduction is the most profitable single management tool, heifers that
calve early at the start of the calving season produce more pounds of beef and demonstrate greater
herd longevity and lifetime productivity compared to their later calving counterparts.

For small to medium sized farm managers, access to elite sires is for the most part out of their
reach financially; however, accessing the merits of elite sires artificially with known genomic
enhanced genetic potential is the most rapid and efficient method to enhance genetic merit of
replacement heifer offspring.

Artificial insemination is labor intensive, which is why <10% of breeding age females in the
U.S. beef cattle herd are bred artificially? Nonetheless, cattlemen who know the value of the
enhanced genomic merit available through Al devote the labor, expense, and focused time required
to breed heifers artificially by appointment. Moreover, when TAI pregnancy rates approaching
60.0% or greater are attained, breeding cost per pregnant female is reasonably priced, because bull
semen cost per unit has not increased appreciably over time compared to the average herd bull cost
per pregnant female.

A voluntary survey of cattle ranchers that synchronize replacement heifers for Al was initiated
with the 2021 breeding season for the purpose of establishing trends and identifying areas where
future research efforts can be expended. Currently, three breeding seasons (2021, 2022, 2023) have
been summarized in Table 1. Without question, environmental impact from drought, blizzards,
long winter cold spells are stressors and, when combined with insufficient dietary energy levels,
heifer response, and pregnancy rates are depressed. Drought during the 2021 breeding season and
back-to-back April 2022 blizzards effected pregnancy rates. The 2022-2023 winter was very cold
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and combined with uncontrollable infestations of blood sucking horn flies and mucus feeding face
flies heifers experienced elevated stress and pinkeye, which negatively affected 2023 pregnancy
rates.

Looking at year-over-year change (Table 1) from 2021, 2022, and 2023 costs increased for
feed and vaccine in drylot, but declined among the grazing herds during the 2023 breeding season.
Semen cost increased in 2022 compared to 2021; however, semen cost in 2023 declined.

For the 2024 synchronized heifer breeding season, drylot producers are advised to increase
TMR diet energy content. Producers developing heifers using pasture grazing systems are advised
to increase energy-based pasture supplementation to ensure heifers are in a gaining condition
beginning 30 days before the synchronized AI breeding and continuing for 30 days after
synchronized breeding. In addition, if heifers are to be hauled to pastures after the Al breeding,
season it must be done within five days after insemination or delayed until after 45 days. Hauling
stress after five days, during the critical embryo uterine implantation process, results in an
undesirable number of embryos being reabsorbed and the heifers come back into heat. Research
has shown that vaccination of heifers with a modified live vaccine at the start of a fixed-time Al
program can have a negative on heifer pregnancy (Perry et al., 2013). When using a modified live
vaccine, a high percentage (38%) of estrous cycles were not normal. Serum hormone analysis
revealed that estrogen concentration was significantly lower during the synchronization process
and following the Al procedure progesterone levels were also reduced. Therefore, it is advised that
vaccinations be completed at least 45 days before the start of the synchronized Al breeding season.

Controlling flies is an important management procedure for breeding heifers and cows. Horn
flies suck blood and cause weight loss if not controlled and face flies are vectors for transmission
of the pinkeye bacteria Moraxella bovis; therefore, fly control is an important management
procedure as well as pre-breeding vaccinations for vibrio, pinkeye, and foot rot.

Voluntary rancher heifer synchronization survey results for 2024 will be added to the database
and the 4-year breeding season results will be provided in this report next year.

Literature Cited:
Perry, G. A., A. D. Zimmerman, R. F. Daley, R. E. Buterbaugh, J. Rhoades, D. Scholz, A. Harmon,

C. Chase. 2013. The effects of vaccination on serum hormone concentrations and conception rates
in synchronized naive beef heifers. Theriogenology, Vol. 79 (1), 200-205.
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Table 1. Beef cattle rancher heifer synchronization survey results (2021, 2022, 2023).

DRYLOT | GRAZING | DRYLOT | GRAZING | DRYLOT | GRAZING
2021 2021 2022 2022 2023 2023
Number of Systems | 3-Drylot | 3-Grazing | 1-Drylot | 5-Grazing | 1-Drylot | 5-Grazing
TMR Diet
Lb/Hd/Day 25.7 - 35.0 - 31.7 -
Cost/Ton $58.15 - $73.42 - 163.42 -
2.17 - 4.0 - 2.0 -
Suppl/Lb/Hd/Day
Grazing
Tame Grass & Yes Yes Yes Yes Yes Yes
Native Range
Cost/Ac - $16.67 - $14.20 - 17.40
Cost/Day - $0.90 0.70 $0.61 .70 .81
Pasture Yield, T/Ac - 0.567 - 1.08 - 1.06
Vaccine Cost $8.29 $5.88 $19.75 $17.53 22.50 14.60
(Range $1.91 -
$11.56)
Synchronization
No. Synchronized 133 52 194 62.2 165 87.4
No. Inseminated 135 2 165 65 130 16.8
Before TAI
TAI Pregnancy 56.2% 74% 59.0% 57.0% 56.4% 50.3%
Repeat Pregnancy 47.2% - 13.0% - 78.9% -
TAI + Repeat Preg 75.5% - 72.0% - 65.5% -
Bull Bred 27.2% 13.3 18.6% 27.15% 11.5% 34.1%
Open 9.23% 12.7 10.0% 12.83% 4.8% 12.2%
Semen Cost
Avg Semen Cost $21.33 $16.21 $20.00 $20.20 $18.00 $18.40
Avg Vet Preg $4.83 $3.67 $6.00 $5.05 $6.00 $4.75
Check Cost
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Name Topic Location Date
Chris Augustin Liming North Dakota Soils Bismarck 2-14-23
Chris Augustin Soybean Fertility Guidelines Dickinson 2-16-23
Chris Augustin Soils and Septic Systems Bismarck 2-28-23
Chris Augustin Liming Acid Soils in North Dakota Fargo 3-8-23
Chris Augustin NEWS Reporter 6-29-23
Chris Augustin DREC Field Day Radio Interview Dickinson 7-5-23
Chris Augustin Garden/Lawn Soil Testing Dickinson 7-13-23
Chris Augustin Acid Soil Management in North Dakota Dickinson 7-13-23
Chris Augustin Saline Soil Management Glen Ullin 7-17-23
Chris Augustin Western North Dakota Soybean Production Dickinson 7-26-23
Chris Augustin Western North Dakota Soybean Production Dickinson 7-17-23
Chris Augustin Richard/Taylor School Tour Dickinson 9-19-23
Chris Augustin The ABC’s of Liming Soils Fargo 10-25-23
Chris Augustin Surface Impacts of Lime on North Dakota No-till Soils St. Louis, MO 11-1-23
Chris Augustin Surface Impacts of Lime on North Dakota No-till Soils Hettinger 12-14-23
Collaborators Grant Title Granting Agency | Amount ($)
. . Sulfur Fertilizer Impacts on Canola Grown in Southwest Northern Canola
Chris Augustin Growers 10,000
North Dakota ..
Association
. . Sulfur Fertilizer Impacts on Spring Wheat Grown in North Dakota Wheat
Chris Augustin Southwest North Dakota Commission 10,000
Chris Augustin and Empowering Farmers to Improve Soil Health Through Farmers for Soil 825.000
Lindsay Malone Cover Crop Adoption Health ’
Chris Augustin, Developing Smart AG Tools for Enhanced and Reduced AES Precision
Barney Geddes, and . ) . . 99,726
. Disease in Acid Soils Grant
Audrey Kalil
Jason Harmon, Kevin
Sedivec, Torre Hovick, . . .. . ..
. Using Emerging Precision Technologies to Improve AES Precision
Miranda Meehan, Zach . 100,000
; Management and Conservation on North Dakota Rangelands Grant
Carlson, and Chris
Augustin
Lindsay Malone,
David Franzen, Chris
Augustin, Szilvia Yuja,
and Leandro Bortolon
North Dakota Game
Chris Augustin Fishing Rod Building 4-H Trunk and Fish 3,215
Department
Publications

2023 YouTube Video’s

https://www.youtube.com/watch?v=IVyXvX63DOE

Augustin, C.L., and R. Buetow. 2023. Soil sampling depth in no-till acid soils. Comm.in Soil and Plant Anal. DOI:
10.1080/00103624.2023.2259421

https://www.youtube.com/watch?v=UE66zbg2BEQ

Wheat Sulfur Research

https://www.youtube.com/watch?v=A51ZVEEJdhg

https://www.youtube.com/watch?v=IWIZgmXmXog

https://www.youtube.com/watch?v=wuZwnsObbgo

https://www.youtube.com/watch?v=7_9Huau99rY &t=70s

Canola Sulfur Research

Liming Research in North Dakota Soils
Soybean Phosphorus Research

Heifer Feeding Options

Cow Herd Appraisal Software
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https://www.youtube.com/watch?v=A5IZVEEJdhg
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Name Topic Location Date
Douglas Landblom Beef Cattle Improvement Association Annual Meeting, Bismarck, ND 17-Jan-23
Ramada,
Attended Reproductive Taskforce Meeting Online: .
Douglas Landblom Beef Cattle Temperament & Reproductive Success Online 24-Jan-23
Douglas Landblom ND Pesticide Re-certification Training Dickinson 15-Feb-23
Synchronized Heifer Producer Survey Presentation and
Douglas Landblom Invitation to Participate. ABS Producer meeting. Golden Valley, ND 15-Feb-23
Synchronized Heifer Producer Survey Presentation and
Douglas Landblom Invitation to Participate. ABS Producer meeting. Carson, ND 15-Feb-23
Synchronized Heifer Producer Survey Presentation and
Douglas Landblom Invitation to Participate. ABS Producer meeting. Bowman, SD 26-Feb-23
ND Grazing Summit . 1-Mar-23
Douglas Landblom BSC Energy Center Bismarck, ND
NDSU Spring REC-EXT Conference
Douglas Landblom Research Update, Zoom Presentation Fargo, ND 8-Mar-23
Douglas Landblom Dunn County Beef Cattle Producer Meeting Manning, ND 9-Mar-23
Leachman Cattle of Colorado
Douglas Landblom Pre-Sale Seminar Speaker Ft. Collins, CO 16-Mar-23
Profit Drivers in The Beef Cattle Enterprise
DREC Advisory Board Meeting
Douglas Landblom Research Project Update 27-Jun-23
Douglas Landblom DREC Ranch Fldd Day Presentation Manning, ND 12-Jul-23
Section 19
Am Society of Animal Science Annual Meeting
Douglas Landblom Scientific Abstract Presentation Albuquerque, NM 16-20-Jul-23
7% Annual International Food Science and Human Nutrition
Douglas Landblom Conference, Invited Speaker Frankfurt, Germany 19-20-Jul-23
Western Cooperative Credit Union
Douglas Landblom Ag Lenders Integrated Systems Tour & Learn Manning, ND
DREC Ranch, Section 19 03-Aug-23
Douglas Landblom Beef Cattle Reproductive Taskforce meeting Cheyenne, WY 5-6-Sep-23
DREC Soil Health Workshop Dickinson, ND
Douglas Landblom DSU Biesiot Activities Center, DREC Ranch, Sec 19, Manning, ND 20-Sep-23
Douglas Landblom ND Stockmen's Assoc, Annual meeting Watford City, ND 21-23-Sep-23
Douglas Landblom NDSU Ext/REC Conference Fargo, ND 24-26-Oct-23
DREC Reproductive Strategies Conference: Replacement —_
Douglas Landblom heifer Synchronization and Cow Herd Management Dickinson, ND 10-Nov-22
DREC Reproductive Strategies Conference
Douglas Landblom Synchronization, Heifer, and Cow Management Dickinson, ND 16-Nov-23
Conference Host and Program Speaker
ND Chapter Soil and Water Conservation Society Annual
Douglas Landblom Meeting Conference Fargo, ND 12-13-Dec-23
Conference Invited Speaker
DREC Advisory Board Meeting —_
Douglas Landblom Research Project Update Dickinson, ND 14-Dec-23
Book Chapter:

Senturklu, Songul, Douglas Landblom, Gerald Stokka, Larry Cihacek. 2023. Perspective Chapter:

Alternative Intensive Animal Farming Tactics That Minimize Negative Animal Impact and Improve

Profitability. In: Intensive Animal Farming - A Cost Effective Tactic, Eds. Shumaila Manzoor and

Muhammad Abubakar. IntechOpen, London, United Kingdom, Print: ISBN978-1- 80356-101-1, Online:
ISBN978-1-80356-102-8, pp. 109-126.
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Scientific Abstracts:

Senturklu, Songul, Douglas G. Landblom, Steve Paisley, Christina Stroh. 2022. Effect of feedlot finishing compared
with grass fed beef following bale grazing and delayed feedlot entry on steer performance, carcass measurement
and net return. ). An. Sci., Vol. 100, Abst. 186, Suppl. 3, pp. 84. https://doi.org/10.1093/jas/skac247.164.

Landblom, Douglas G, Songul Senturklu, Lauren L. Hanna, Bryon Parman, George Perry, Steve Paisley. 2023. Single
timed-Al heifer development and delayed feedlot entry of non-pregnant heifers. Journal of Animal Science, Volume
101, Issue Supplement_3, Abst. 319, November 2023, Pages 254-255, https://doi.org/10.1093/jas/skad281.306

Alghamdi, R., Senturklu, S., Landblom, D., Cihacek, L. J. (2023) Soil Health Using Haney Biological Analysis in
Calcareous Soils in Semi-Arid Environments [Abstract]. ASA, CSSA, SSSA International Annual Meeting, St. Louis,
MO. https://scisoc.confex.com/scisoc/2023am/meetingapp.cgi/Paper/153051 (Poster)

Research Center Annual Report:

Senturklu, Songul, Douglas Landblom, Steve Paisley, and Christina Stroh. Beef cattle finishing methods: Forage-
based finishing compared conventional feedlot finishing following bale grazing and delayed feedlot entry. NDSU
Dickinson Research Report Date 01/09/2024 Page 2 of 7 United States Department of Agriculture Progress Report
Accession No. 1022730 Project No. ND06264 Extension Center Annual

Report, pp. 90-94. https://www.ndsu.edu/agriculture/sites/default/files/2023-
04/Dickinson%20REC%202022%20Annual%20Report.pdf

Landblom, Douglas, Lauren Hanna, Bryon Parman, George Perry, Steve Paisley, and Songul Senturklu. 2022. Beef
Cattle Producer Synchronized Timed-Al Survey. NDSU Dickinson Research Extension Center Annual Report, pp. 95-
96. https://www.ndsu.edu/agriculture/sites/default/files/2023-
04/Dickinson%20REC%202022%20Annual%20Report.pdf

Local, Regional and International Conference Invited Speaker:
Profit Drivers in the Beef Cattle Enterprise: Managing for Increased Profitability. Webinar presentation to the
Leachman Cattle of Colorado online audience.

American Breeder Service Annual Producer Meeting presentations summarizing heifer development survey results
and invitation to participate in the voluntary program.

Invited international program speaker at the 7th Annual Innovations in Food Science and Human Nutrition Annual
Meeting, Frankfurt, Germany, July 19-20, 2023, titled, Performance and profitability were positively affected by
frame score, grazing, and delayed feedlot entry among yearling steers originating from small- and large-framed
crossbred cows in an integrated crop-livestock system.

Economic Program conference for Western Cooperative Credit Union loan officers and agricultural credit analysts.
Summarization of integrated systems research, cow winter grazing cost savings, effect of cow frame score on
performance economics, effect of diverse crop rotation and grazing on spring wheat production and economics,
economics associated with growing cover crops for haying or grazing, and the effect of grazing on soil pH.

Webinar presentation to the Soil & Water Conservation Society online audience titled, "Integrated Systems
Research: Crop, Grazing and Microbial Soil Health Indicators, October 12, 2023.

Invited program speaker to the Soil & Water Conservation Society annual meeting audience titled, Long-term
Integrated Crop and Beef Cattle Systems in the Semi-arid Region of Western ND, December 13, 2023.
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Name Topic Location Date
Llewellyn L. Manske Ranch tour with developed grazing plan McLean Co, ND 3-5-Jan-23
Llewellyn L. Manske Developed one twice-over grazing plan Dickinson, ND 23-Mar-23
Llewellyn L. Manske Pre tour of three ranches Mellette & Jones, Co SD 27-Jun-23
Llewellyn L. Manske Bus tour of rangeland with four topics, 46 people Central South Dakota 28-Jun-23
Llewellyn L. Manske Tour two ranches with grassland problems Meade Co, SD 29-Jun-23
Llewellyn L. Manske Presentation: DREC Pasture Field Day DREC ranch, Manning, ND 12-Jul-23
Llewellyn L. Manske Attended: DREC Horticulture Field Day Dickinson, ND 13-Jul-23
Llewellyn L. Manske Attended: DREC Agronomy Field Day Dickinson, ND 13-Jul-23
Llewellyn L. Manske DSU Lecture: How grasses grow Dickinson, ND 6-Sep-23
Llewellyn L. Manske DSU Lecture: Biology of grazing management Dickinson, ND 8-Sep-23
Llewellyn L. Manske DSU Range class field tour ND Badlands West ND 11-12-Sep-23
Llewellyn L. Manske DSU Lecture: Harvested forage management Dickinson, ND 27-Sep-23
Llewellyn L. Manske Seminar I: Grazing effects on plants and soil Valley City, ND 27-Oct-23
Llewellyn L. Manske Seminar II: Grazing effects on livestock Valley City, ND 28-Sep-23
Llewellyn L Manske | 0 veloped 27 e over grazing plans Murdo, SD i
Llewellyn L. Manske Attended-DREC Advisory Board Meeting Dickinson, ND 14-Dec-23
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Name

DREC Hosted

Topic

Master Gardener Program 2023

NDSU Reclamation Research Advisory Group Meeting
USDA-FSA GIS Training

NCERA-221 Meeting

NRCS/SCD Employees

Advisory Board Meetings

Field Day 2023 Ranch/DREC Grounds
ND Wheat Commission

Community Action Board Meeting and Training
ND Soybean Growers Association

Land Judging

NRCS Meeting

Project Learning Tree/W/LD Training
Pheasants Forever-Bird dog first aid Event
ND Workforce Development

Sunflower Survey Training

NDFS 2023 Annual Staff Meeting

4-H Club Meeting's

4-H Camping Meeting

SBARE Conference

Farm to School Meeting

Farm Management Education- BSC

Location

DREC

Date

Jan-March (every Friday)
27-Feb-23

10-May-23

7-Jun-23

14-Jun-23

17-Jun-23 & 14-Dec-23
12 & 13-Jul-23
18-Jul-23

25-Jul-23

26-Jul-23 & 17-Aug-23
2-Aug-23 to 4-Aug-23
22-Aug-23

23-Aug-23

25-Aug-23

7-Sep-23

15-Sep-23

3 Oct-23 to 5-Oct-23
Jan-23- to Mar-23
6-Nov-23

9-Nov-23

21-Nov-23

18-Dec
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Name
Ryan Buetow
Doug Landblom
Chris Augustin
Llewellyn L. Manske
Ryan Buetow

Doug Landblom
Chris Augustin
Llewellyn L. Manske
Ryan Buetow

Doug Landblom

Chris Augustin
Llewellyn L. Manske
Ryan Buetow
Doug Landblom

Chris Augustin
Llewellyn L. Manske

Doug Landblom
Chris Augustin
Llewellyn L. Manske

Chris Augustin

Doug Landblom
Chris Augustin
Llewellyn L. Manske

Chris Augustin
Doug Landblom
Chris Augustin

Chris Augustin

Llewellyn L. Manske
Doug Landblom
Chris Augustin

Doug Landblom

Doug Landblom

Llewellyn L. Manske
Chris Augustin

Doug Landblom
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2023 Weekly Updates for DREC
Topic
Western Dakota crops day synopsis
The bull buying season is here
Copper impacts on hard red spring wheat
Historical development of stocking rate

Acid soil HRSW variety trial results
Temperament and stress effect beef cattle performance
Nitrogen impacts on annual forage nitrate content

Historical development of grazing start date

Establishing yield potential at planting
Integrated systems heifer development research and
synchronized timed Al producer surveys

Aluminum toxicity
Historical development of complementary grazing
Biological crop inputs in southwest North Dakota
Controlling mature cow weight
Congratulations Bob!
Problems of grazing too early
Will your beef cattle heifers be ready for Al breeding?
Thank you Ryan!
Increasing soil mineral nitrogen
New lab facilities at the Dickinson
Research Extension Center
Cattle rancher synchronized timed-Al survey
Field days are July 12 and 13
Solution to low quality grass
2023 Field days set for Wednesday, July 12
and Thursday, July 13

Potential negative effect of phytoestrogen on reproduction

in grazing beef cattle

2023 Field days set for Wednesday, July 12
and Thursday, July 13

2023 Field days set for Wednesday, July 12
and Thursday, July 13

Renewable forage nutrients
2023 Soil health workshop date set

The boots on the ground crop and pest report
Applied reproductive strategies in beef cattle symposium,
Cheyenne, Wyoming
2023 Soil Health Workshop
Roots, Microbes, Nutrient Cycling, Intercropping, and
Fertilizer Reduction
Problems of grazing below stocking rate

NDSU DREC is now on YouTube
2023 Soil Health Workshop
Roots, Microbes, Nutrient Cycling, Intercropping, and
Fertilizer Reduction

Date
3-Jan-23
10-Jan-23
17-Jan-23
24-Jan-23
31-Jan-23
7-Feb-23
14-Feb-23

21-Feb-23
28-Feb-23
7-Mar-23
14-Mar-23
21-Mar-23
28-Mar-23
4-Apr-23
11-Apr-23
18-Apr-23
2-May-23
9-May-23
16-May-23

23-May-23

30-May-23
6-Jun-23
13-Jun-23

20-Jun-23
27-Jun-23
4-Jul-23

11-Jul-23

18-Jul-23
25-Jul-23

1-Aug-23
8-Aug-23
15-Aug-23

22-Aug-23
29-Aug-23

5-Sep-23



Doug Landblom

Llewellyn L. Manske
Chris Augustin

Llewellyn L. Manske
Chris Augustin
Doug Landblom

Doug Landblom
Llewellyn L. Manske

Doug Landblom

Doug Landblom
Chris Augustin
Llewellyn L. Manske
Chris Augustin

Doug Landblom
Chris Augustin
Llewellyn L. Manske

2023 Soil Health Workshop
Roots, Microbes, Nutrient Cycling, Intercropping, and
Fertilizer Reduction
Problems of traditional grazing practices

The who, what, where, and why’s of soil acidity

Problems of repeated heavy grazing

Don’t forget your nitrogen credit
November highlight: beef cattle reproductive strategies
Program
Reproductive Strategies Synchronization, Heifer and Cow
Herd Management
Problems of grazing late season

Reproductive Strategies Synchronization, Heifer and Cow
Herd Management
Reproductive Strategies Synchronization, Heifer and Cow
Herd Management
Variety Trials
Why the wildryes as fall pasture have low acceptance
40™ Annual Western Dakota Crop Day
North Dakota Chapter-Soil and Water Conservation
Society-Annual Meeting
Phosphorus fertilizer impacts on soybean yield
How much soil microbial biomass does a healthy
grassland need

12-Sep-23
19-Sep-23
26-Sep-23
3-Oct-23
10-Oct-23
17-Oct-23

24-Oct-23
31-Oct-23
7-Nov-23
14-Nov-23
21-Nov-23

28-Nov-23
5-Dec-23

12-Dec-23
19-Dec-23
26-Dec-23

90



Weather Summary

Max Temp Monthly Avg. Temp
Month 2023 2022 2021 2023 2023 2022 2021
Jan 26.9 23.0 33.2 11.2 19.1 12.7 233
Feb 30.2 27.9 20.8 11.1 20.7 15.7 8.6
Mar 25.2 40.1 51.0 8.2 16.7 293 35.7
Apr 48.2 42.7 53.6 26.6 37.4 34.0 39.9
May 71.6 63.6 64.5 43.9 57.8 51.3 51.0
Jun 80.8 74.6 81.9 54.2 67.5 62.4 65.0
Jul 81.5 84.0 88.9 55.4 68.5 70.6 73.3
Aug 81.0 85.1 83.0 55.4 68.2 70.7 68.1
Sep 75.8 78.2 79.3 48.1 62.0 63.6 63.1
Oct 53.6 56.4 59.6 31.5 42.6 453 48.2
Nov 535 30.9 46.0 21.7 32.6 22.2 34.2
Dec 39.6 16.0 26.6 20.9 30.3 7.5 29.0
Month 2023 2022 2021
Jan 0.33 0.15 0.34
Feb 0.25 0.22 0.47
Mar 0.48 0.48 0.25
Apr 4.16 4.16 0.26
May 3.17 3.17 5.07
Jun 2.02 2.02 1.07
Jul 3.71 3.71 1.03
Aug 0.28 0.28 1.63
Sep 0.93 0.93 0.14
Oct 1.84 1.84 2.70
Nov 1.51 1.51 0.40
Dec 1.69 1.69 0.39
Total 15.42 20.16 13.75
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