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Variable Control Diet x Time
Glucose (mg/dL) \ 464 46.1 1.054 0.896 0.085 0444
BHB(mmol) ‘ 1.02 0.83 0.072 0.072 <0.001 0414
NEFA (uEq/L) \ 201.8° 166.1° 7.643 0.015 0.024 0252
BUN (mg/dL) \ 244° 27.8° 0712 0.046 0.011 0921

LS means with different superscript letters are statistically different at p< 0.05. SEM, standard error mean.
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Diet

Control Diet X week
Milk yield (kg/d) 43.1° 146" 0432 0.045 <0.001 0941
I Milk fat, % ‘ 3.96 3.76 0.052 0.172 0414 0.664
Fat yield, kg/d 171 172 0.024 0911 <0.001 0.094
Milk true protein, % 332 327 0.030 0565 0348 0.760
Protein yield, kg/d 142° 151° 0.016 0.009 <0.001 0.133
Milk lactose, % 4.86 4.88 0.034 0.723 0.078 0.625
Lactose yield, kg/d 2.10° 226" 0.029 0.003 <0.001 0235
ECM, kg/d 429 44.1 0.538 0304 <0.001 0.107
MUN, mg/dL 022 0.21 0.030 0.664 <0.001 0.992
SCC, x 10° cells/mL 1454 103.9 26017 0.574 0.047 0453
Milk yield/DMI, kg/d 1.74 1.74 0.024 0991 0.067 0.003
ECM/DMI, kg/d 171 1.76 0.030 0.427 0.145 0.086

LS means with different superscripts are statistically different at p < 0.05. SEM, standard error of the mean; MUN, milk urea nitrogen; SCC, somatic cell count.
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Treatment

Control
C8:0 0.42 0.48 0.074 0.703
C10:0 2.87 290 0.165 0914
C12:0 5.18 497 | 0.135 0.456
C14:0 14.8 149 ; 0.155 0.870
C16:0 40.1 392 0.261 0.073
Sat<C16:0 233 232 ‘ 0.380 0.940
Sat >C16:0 8.76 8.40 ‘ 0.177 0.320
Cl6:1n7 175 178 0.064 0.830
C16:1/C16:0 0.04 0.05 0.002 0.586
C18:0 8.42 8.04 0.180 0.296
C18:1n7 0.75 0.79 0.027 0.426
C18:1, trans 9 173 1.93 0.053 0.051
C18:2n6 trans 0.53 0.60 0.022 0.135
C18:2n6 cis 334" 3.62° 0.063 0.019
C18:3n6 0.03 0.05 0.010 0.256
C18:3n3 0.28 0.27 0.007 0.803
C18:1, cis 9 19.1 19.8 0.242 0.169
C18:1/C18:0 231 248 0.055 0.113
C18:0/C16:0 0.21 0.21 0.005 0.661
C20:0 0.34 0.37 0.007 0.078
C20:1n9 0.10 0.09 ‘ 0.010 0.760
C20:4n6 0.16 0.16 0.003 0.813
C20:5n3 0.02 0.05 0.012 0.224
C20:1n9/C20:0 2.89 322 | 0.138 0.238
C22:6n3 0.01 0.01 0.004 0.766
Saturated 722 70.8 0.370 0.067
MUFA 234 243 | 0319 0.138
PUFA 436" 4.77* ‘ 0.084 0.013
Omega-3 343% 3.71° ‘ 0.062 0.022
Omega-6 0.31 0.34 0.016 0.377
3 trans fatty acids 226" 2.53° 0.065 0.033

LS means with different superscripts are statistically different at p < 0.05. MUFA, monounsaturated fatty acids. PUFA, polyunsaturated fatty acids; ¥ trans fatty acids, total trans fatty acids concentration.





OPS/images/fanim.2023.1260787/table6.jpg
Diet

Control Diet x Time
N-NH;, mg/dL 15.8° 185° 1.106 0.040 <0.001 0314
Rumen pH 6.89 675 0.039 0.075 <0.001 0.124

Volatile fatty acids, mmol/100 mmols

c2 617" 58.8" 0.997 0.040 <0.001 0.133
C3 22.5° 262° 0.610 0.001 <0.001 0.667
C2:.C3 290" 2.43° 0.119 0.014 <0.001 0.147
C4 133 122 0.458 0.105 <0.001 0.189
1-C5 1.06 118 0.039 0.141 0.080 0.882
C5 129 1.40 0.070 0.161 <0.001 0.451
Total VFAs 91.8 97.4 3345 0.326 <0.001 0.429

LS means with different superscripts are statistically different at p< 0.05. SEM, standard error of the mean.
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Control Diet X week

Feed

>19mm 288 25.2 1.459 0.108 0.002 0.176
8 mm-19 mm 10.7 8.36 0.662 0.082 0.4262 0.5686
4 mm-8 mm 10.5* 896" 0.303 <0.001 <0.001 <0.239
<4mm 50.0° 57.5% 1.428 <0.001 0.001 0.004
Refusals

>19 mm 42.1° 622° 1.762 <0.001 0.003 0.001
8 mm-19 mm 13.9° 7.99" 0.409 <0.001 0.002 0.0014
4 mm-8 mm 8.78" 493" 0.502 <0.001 <0.001 0.022
<4mm 352° 24.9° 1373 0.008 0.004 0.001

Different superscripts on LS mean values indicate significant differences at p< 0.05. SEM, standard error of the mean. Item'-Distribution of particles was conducted using the Penn State Particle
size separator tool—calculated as TMR proportions in feed and refusals.
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Ingredients, % Nitrogen Free Diet = Corn HP-DDG

Corn HP-DDG - 40.00
Soybean oil 4.00 -

Sugar 20.00 20.00
Corn starch 67.33 3133
Dicalcium phosphate 1.96 1.96
Limestone 0.76 0.76
Vitamin Supplement 0.30 0.30
Mineral Supplement 0.25 0.25
Salt 0.40 0.40
Potassium carbonate 0.40 0.40
Magnesium Oxide 0.10 0.10
Cellulose 4.00 4.00
Titanium Dioxide 0.50 | 0.50
Total 100 ‘ 100

'Provided the following quantities per kilogram of complete diet: Se as sodium selenite and
selenium yeast, 75.0 mg/kg; vitamin A as retinyl acetate, 2,000 IU/kg; vitamin D3 as
cholecalciferol, 375,000 IU/kg; vitamin E as DL-alpha tocopheryl, 6,250 Ul/kg; vitamin K3
as menadione nicotinamide bisulfate 750.0 mg/kg; thiamin as thiamine mononitrate, 500.0
mg/kg; riboflavin, 1,500 mg/kg; pyridoxine as pyridoxine hydrochloride, 500.0 mg/kg; vitamin
B12, 7500.00 mcg/kg; folic acid, 250.0 mg/kg; pantothenic acid as D-calcium pantothenate,
5,000.00 mg/kg; niacin, 8,750.00 mg/kg; biotin, 37.50 mg/kg.

*Provided the following quantities per kilogram of complete diet: Fe, 15.00 g/kg as iron sulfate,
Cu, 40 g/kg as copper sulfate, Mn, 13 g/kg as manganese monoxide; Zn, 25 g/kg as zinc sulfate;
1, 350.00 mg/kg as calcium iodate.
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Treatments

Variable Control

“Intake, kg/d

DM 253 25.7 0.560 0.754
OM 245 23.6 0.580 0455
Ccp 4.87 4.83 0.119 0.870
aNDF 10.7 10.3 0.259 0.430
ADF 4.69 4.46 0.113 0.313
Energy 116.4 110.3 2.784 0.279

Digestibility, %

DM 625 617 0.401 0287
OM 63.9 63.8 0.389 0.928
CcpP 59.2° 61.9* 0.682 0.042
2aNDF 49.3 49.7 0.454 0.697
ADF 47.2 46.0 0.636 0353
Energy 61.0 61.0 0.709 0719

Energy balance

*DEI, Mcal/d 74.2% 67.1° 1.585 0.022
“DE, Mcal/kg DM 276" 265" 0.024 0.024
5NEM, Mcal/d 10.3 10.3 0.102 0.978
NE,, Mcal/d 342 335 0.563 0529
7EB, Mcal/d 29.6 23.3° 1318 0.014
BW 645.9 644.2 4310 0.551

LS means with different superscripts are statistically different at p < 0.05. SEM=standard error of the mean.
'Intake=intake during the period of digestibility data collection.

2aNDF=amylase-treated NDF.

°DEI= DE x DMI.

“DE= digestible energy.

EB= calculated energy balance.
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Ingredients Nitrogen Free Diet Corn HP-DDG
Dry Matter, % 91.54 91.89
Crude Protein, % ND' 19.62
Indispensable AA, %

Lysine ND' 0.69
Methionine ND! 0.37
Threonine ND! 0.78
Tryptophan 0.04 0.36
Arginine ND' 0.86
Valine 0.01 1.00
Isoleucine ND! 0.74
Leucine 0.01 2.39
Histidine ND' 0.57
Phenylalanine ND! 1.04
Dispensable AA, %

Alanine 0.01 1.48
Cystine ND' 0.38
Tyrosine ND' 0.77
Glycine ND' 0.77
Serine ND' 0.94
Proline 0.01 1.71
Hydroxyproline ND! 0.01
Glutamic Acid 0.03 3.58
Aspartic Acid 0.04 1.35
Sum of Amino Acids 0.22 19.79

IND, not detect.
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SIDY*

Crude Protein 74.04 80.87 6.31 70-84

Indispensable AA

Lysine % 76.32 79.15 3.90 61-85
Methionine % 87.21 89.57 3.58 81-89

Met + Cys % 84.75 86.52 5.14 70-84
Threonine % 7197 78.30 8.43 67-83
Tryptophan % 83.86 92.44 244 75-90
Arginine % 82.05 86.40 4.09 81-92
Valine % 76.64 80.47 6.58 74-85 ‘
Isoleucine % 77.08 80.61 6.56 74-87 i
Leucine % 8391 85.87 5.18 84-90 ‘
Histidine % 80.29 83.10 ‘ 5.37 74-87
Phenylalanine % 8234 84.82 4.82 81-89
Dispensable AA

Alanine % 80.29 83.83 5.67 78-86
Cysteine % 83.69 84.88 5.63 70-84
Tyrosine % 81.93 84.45 5.19 67-83

Phe + Tyr % 83.66 86.16 3.77

Glycine % 60.09 75.25 8.57 56-81
Serine % 77.68 83.12 5.97 77-86

Gly + Ser % 68.00 77.83 8.64

Proline % 63.88 81.02 7.45 73-100
Glutamic Acid % 83.17 84.96 5.38 82-89
Aspartic Acid % 78.73 81.22 6.32 67-82

"WValues for SID were calculated by correcting the AID value for basal endogenous losses. Basal endogenous losses were determined from pigs fed the Nitrogen Free Diet (g/kg of DMI): Lysine,
0.212; Methionine, 0.094; Threonine, 0.538; Tryptophan, 0.335; Arginine, 0.409; Valine, 0.418; Isoleucine, 0.286; Leucine, 0.509; Histidine, 0.175; Phenylalanine, 0.280; Alanine, 0.569; Cysteine,
0.049; Tyrosine, 0.212; Glycine, 1.273; Serine, 0.555; Proline, 3.187; Glutamic Acid, 0.695; Aspartic Acid, 0.366.

2D, Mean standard deviation.

*Lower and higher values are cited in Section 3. Feeding applications of corn fermented protein coproducts in swine diets by Stein (2008).
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Treatment

Item, % of DM Control

Ingredients

Corn, ground 19.7 20.0
Soybean meal 1.9 1.9
Wheat grain 2.9 35
Soap stock oil 0.1 0.1
Teff hay 0 11.9
Wheat hay 12.6 0
Wheat silage 233 22.7
Rapeseed meal 11.0 11.0
Dried distillers grains 6.6 6.6
Wheat bran 4.2 42
Gluten feed 124 12.4
Calcium salts 3.1 33
Palmitic acid 0.4 0.4
Sodium bicarbonates 0.7 0.7
Calcium carbonate 0.2 0.3
Lactose water 0.8 0.8
'Vitamin mix 0.05 0.05
Urea 0.04 0.04

Chemical composition

CP % 16.5 17.0

NDF % 31.8 32.4
Forage, NDF % 17:5 17.9
Starch % | 24 232
Ether extract % 5.2 5.3
Calcium % 0.9 0.9
Phosphorus % 0.5 0.7
’RDP % 11.4 14.5
RUP % 52 49
’NEL, Mcal/kg DM 1.78 1.78
*Gross energy, Mcal/kg 4.05 4.10

! Contained 20,000,000 1U/kg of vitamin A; 2,000,000 IU/kg of vitamin D; 15,000 1U/kg of
vitamin E; 1,500 mg/kg of Cu; 6,000 mg/kg of Mn; 6,000 mg/kg of Zn; 2,000 mg/kg of Fe; 120
mg/kg of I; 50 mg/kg of Se; and 20 mg/kg of Co.

2 RDP and RUP are calculated based on the data from NASEM (2021).

* Net energy captured in milk calculated according to the data from NASEM (2021).

* Gross energy based on bomb calorimeter results.
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Corn HP-DDG

AID* SID?
Crude Protein % 29.92 32,68
Indispensable AA
Lysine % 1.06 1.10
Methionine % 0.64 0.66
Met + Cys % 133 1:35
Threonine % 1.15 1.26
Tryptophan % 0.19 7 0.21
Arginine % . 1.46 V 1.53
Valine % 1.60 1.69
Isoleucine % 1.19 1.24
Leucine % 4.14 4.24
Histidine % 0.96 0.99
Phenylalanine % 1.77 1.83
Dispensable AA |
Alanine % 2.46 2.57
Cysteine % 0.69 0.70
Tyrosine % 141 1.46
Dispensable AA
Phe + Tyr % 3.25 3.35
Glycine % 0.95 1.19
Serine % 1.47 1.57
Gly + Ser % 2.37 2.71
V Proline % 2.31 2.94
Glutamic Acid % 6.17 6.30
Aspartic Acid % 2.18 225

'AID, Apparent ileal digestible amino acids, as-fed.
281D, Standardized ileal digestible amino acid, as-fed.
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Ingredients %
Corn, 7.88% CP 61.85
Soybean meal, 45% CP 31.73
Soybean oil 1.47
Vitamin Supplement V 0.30
Mineral Supplement premix* 0.25
Antioxidant® 0.01
Dicalcium phosphate 1.91
Limestone 0.86
Salt 0.48
Lysine-HCL 0.45
DL-Methionine 0.18
L-Threonine 0.21
L-Tryptophan 0.03
L-valine 0.07
nert 0.20
Total 100.00
Nutrients

ME, keal/kg 3,256.50
Crude Protein, % 20.03
SID Lysine, % 1.26
SID Methionine + Cysteine, % 0.76
SID Threonine, % 0.86
SID Tryptophan, % 0.25
Available Phosphorus, % 045
Calcium, % 091
Sodium, % 0.20

'Provided the following quantities per kilogram of complete diet: Se as sodium selenite and
selenium yeast, 75.0 mg/kg; vitamin A as retinyl acetate, 2,000 IU/kg; vitamin D3 as
cholecalciferol, 375,000 1U/kg; vitamin E as DL-alpha tocopherol, 6,250 Ul/kg; vitamin K3
as menadione nicotinamide bisulfate 750.0 mg/kg; thiamin as thiamine mononitrate, 500.0
mg/kg; riboflavin, 1,500 mg/kg; pyridoxine as pyridoxine hydrochloride, 500.0 mg/kg; vitamin
B12, 7,500.00 mcg/kg; folic acid, 250.0 mg/kg; pantothenic acid as D-calcium pantothenate,
5,000.00 mg/kg; niacin, 8,750.00 mg/kg; biotin, 37.50 mg/kg.

*Provided the following quantities per kilogram of complete diet: Fe, 15.00 g/kg as iron sulfate,
Cu, 40 g/kg as copper sulfate, Mn, 13g/kg as manganese monoxide; Zn, 25 g/kg as zinc sulfate;
1, 350.00 mg/kg as calcium iodate.

*Bannox antioxidant.
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Item Corn HP-DDG!

Dry Matter, % 90.84
Crude Protein, % 40.41

Indispensable AA, %

Lysine 1.39
Methionine 0.74
Threonine 1.61
Tryptophan 0.23
Arginine 1.78
Valine 2.10
Isoleucine 1:55
Leucine 4.94
Histidine 1.20
Phenylalanine 2.16

Dispensable AA, %

Alanine 3.07
Cysteine 0.83
Tyrosine 173
Glycine 1.59
Serine 1.90
Proline 3.63
Hydroxyproline 0.02
Glutamic Acid 742
Aspartic Acid 297
Sum of Amino Acids % 40.65

!Corn HP-DDG (corn distillers dried grains with high protein, F S Bioenergia, Lucas do Rio
Verde—MT, Brazil).
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Estimate S.E. p-value

A
Intercept 26.66 0.44 60.24 <0.001
SR (1.5) -1.65 048 -345 0.001
RH (HR) -0.70 045 -1.53 0.126
SR*RH 1.62 0.66 245 0.014
7 B
Intercept -14.64 1.90 -7.70 ‘ <0.001
SR (1.5) -1.86 272 -0.69 0.493
RH (HR) -1.60 2.70 -0.59 0.554
SR*RH 5.54 3.68 150 0.133
©
Intercept -0.04 7 0.00 -20.15 ‘ <0.001
SR (1.5) 0.01 0.00 236 0.018
RH (HR) 0.00 0.00 0.88 0.382
SR*RH 0.00 0.00 0.09 0.925

“Estimated parameters of the Wilmink (1987) function relating to the height of the lactation
curve (A), the initial phase of post-calving incline to peak (B), and the subsequent post-peak
decline phase (C).

The marginal effect (of each treatment) and the interactions effect between stocking rate (1.5
and 2.0 cow per ha) and residual sward height (LR or RH) on each of the parameters of the
curve are shown. LR representing 6 to 7 cm was maintained all year round, and HR suggests a
grazing management with a higher residual of 9 to 10 cm on average.
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Nutrient Rhodes Calliandra
REVAEY)] leaves (n=7)

Dry matter (%) 922 £ 051 91.8 £ 0.57
Organic matter (%) 90.3 £ 1.30 94.1 £ 0.16
Neutral detergent 73.0 + 1.69 17.4 £ 0.69
fibre (%)

Acid detergent 40.0 £ 1.48 11.7 £0.59
fibre (%)

Crude protein (%) 5.6 +0.63 21.1 £ 031
Gross Energy (M]/ 174 £ 023 20.5 £ 0.53
kg DM)

Condensed nd. 92097

tannins (%)

n.d., not determined.
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InHay+Cal InHay
+Cal+PEG
PCV Day 1 (%) 328 295 ‘ 335 36.6 1.86 0.071
PCV Day 21 (%) ‘ 338 292 ‘ 30.4 310 175 0.171
PCV Day 50 (%) 297" 205" ‘ 25.8" 27.1°* 1.84 0.002
FEC Day 1 (eggs/g) 0 0 ‘ 0 0 _ N
FEC Day 21 (eggs/g) 0 827 ‘ 1040 655 300 0.249
FEC Day 50 (eggs/g) ' 0 8550° ‘ 1284° 3302° 1082 <0.001

*"Mean values within a row with different superscript letters differ significantly (P<0-05).
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Treatments

15 HR 2.0 LR 2.0 HR

Harvest and forage production (kg DM/ha year)

Annual forage production 7393 7,712 7,962 7,535 685 0.70 097 0.44
Direct harvest 4,439b 4,743b 5,774a 5724a 235 <0.001 032 0.13
Forage mechanic harvested® 2,327 2,720 919 706 1,804 0.19 087 0.69

Forage mass, kg DM/ha

Average grazing area” 1,699b 1,751a 1,697b 1,755a 16.8 0.20 <0.001 0.74
Pre-grazing® 2234 2,263 2,142 2243 1122 0.49 042 0.22
Post-grazing® 1,383 1,450 1,400 1471 67.3 0.65 0.09 0.96

Pasture height (cm)
Pre-grazing® 31.5b 31.9b 34.1a 32.3b 026 <0.001 001 <0.001

Post-grazing® 7.8b 9.5a 8.1b 9.6a 043 0.02 <0.001 0.53

For the same row, means with different letters differ (P< 0.05). Values in a row with different letters are significantly different between treatments (p< 0.05).
“Forage harvested on the grazing area.

®Area where cows graze directly.

“Average measures made with ruler from each grazing strip.

LR representing 6 to 7 cm was maintained all year round, and HR suggests a grazing management with a higher residual of 9 to 10 cm on average.
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Treatments

15LR 15HR 2.0LR 2.0 HR SEM

Supplement intake on grazing area kg DM/ha year
Conserved forage 1,853b 1,883b 2,891a 3,090a 266 <0.001 0.83 039
Concentrate® 3,101c 3,111c 4,065b 4,247a 103 <0.001 0.16 045
Per cow per day, kg DM/cow per day

Forage allowance 15.8b 18.4a 14.4c 16.0b 0.84 <0.001 <0.001 0.12

Forage DM intake (FDMI) 9.3b 10.2a 9.7b 9.7b 0.40 0.50 0.01 <0.001
Conserved forage intake 3.5b 37b 4.3a 4.5 043 <0.001 0.29 0.84
Concentrate intake® 5.6 57 5.6 57 0.16 0.98 0.11 0.36
Total DM intake (DMI) 17.8¢ 18.1bc 18.3 ab 18.5a 0.16 <0.001 0.06 0.95
Proportion of time grazing 0.69a 0.66ab 0.64b 0.58¢ 0.01 <0.001 <0.001 0.36
Proportion days with no grazing 0.16b 0.18b 0.17b 0.21a 0.01 <0.001 <0.001 <0.001
Proportion days with one grazing 0.27¢ 0.28¢ 0.40a 0.39b 0.01 <0.001 0.65 0.08
Proportion days with two grazing 0.57a 0.54b 0.43¢ 0.40d 0.01 <0.001 <0.001 0.09

Values in a row with different letters are significantly different between treatments (p< 0.05).
“Refers to concentrate offered into the milking parlor.
LR representing 6 to 7 cm sward residual height was maintained all year round, and HR suggests a grazing management with a higher residual height of 9 to 10 cm on average.
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Treatments p-value

15LR 15HR 20 LR 2.0 HR SEM RH SR*RH

Performance on grazing area

Milk production (L/ha year) 12,886 12,7004 16,711° 17,512% 170 <0.001 0.002 <0.001
Milk solids production (kg/ha™* year ") 992¢ 980° 1314 1,353 10.5 <0.001 0.16 0.003
BW (kg/ha) 745" 753% 966" 973* 7.0 <0.001 0.87 0.25

Performance per cow

305 d"! milk yield (L/cow)® 6,330 6,274° 6,340° 6,687" 25.7 <0.001 <0.001 <0.001
Milk production (L/cow per day) 229 227 229 238 1.24 0.13 036 0.21
Milk protein production (kg/cow per day) 0.81 0.80 0.81 0.83 0.03 0.22 045 0.29
Milk fat production (kg/cow per day) 094" 0.95° 098" 1.0° 0.05 0.01 075 045
Milk solids production (kg/cow per day)* 1.76" 1.75° 179 1.84° 0.07 0.03 0.59 0.34

Composition, g/kg

Milk fat 423 419 43.0 428 0.05 0.13 0.13 0.86
Milk protein 357 358 357 357 0.03 0.46 097 0.69
BW (kg) 501 502 509 504 17.4 0.81 0.71 0.57

BCS 294 2.86 2.86 294 0.06 0.87 0.58 0.09

Values in a row with different letters are significantly different between treatments (p< 0.05).

BW, body weight (kg) per cow and kg/ha where data refer to grazing area.

*Milk fat plus milk protein content.

PLactation curve estimated through the Wilmink (1987) model.

LR representing 6 to 7 cm was maintained all year round, and HR suggests a grazing management with a higher residual of 9 to 10 cm on average. The stocking rate is expressed as the number of
cows/ha on the grazing area.
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InHay+Cal InHay

+Cal+PEG

Nitrogen (N) partitioning

N intake (NI, g/d) 565" 6.12° 14.58° 1425° 037 <0.001
Faecal N (FN, g/d) 316" 337° 9.42° 7.95" 023 <0.001
Urine N (UN, g/d) 1.69° 181° 234% 2.79° 0.23 0.005
FN/NI 058" 055" 0.65" 0.56" 0.03 0.043
UN/NI 031" 0.30° 0.16° 0.20° 0.03 <0.001

Retained N (RN) ‘
g/d 0.79" 0.94° 275" 3.48° 043 <0.001
RN/NI 0.11 0.15 0.19 024 006 0.122

Energy partitioning ‘

Intake (GEI, MJ/d) 9.95° 1031° 14.0° 135° 045 <0.001
Faecal (FE, MJ/d) 461" 4.73% 7.18° 6.75° 0.20 <0.001
Urine (UE, MJ/d) 0.46™ 0.30° 0.55° 0.61° 0.09 0.042
Methane (CH, E, MJ/d) 083" 0.89° 077" 0.74° 003 0.011
Digestible (DE, MJ/d) 534" 557" 6.82° 6.76" 030 <0.001
Metabolizable (ME, MJ/d) 4.04° 436" 553" 541 0.34 0.003
DE/GEI 0536 0.539° 0.488° 0500 0.01 0.001
MEI/GEI 040 0.42 039 040 002 0.461

*P<Mean values within a row with different superscript letters differ significantly (P<0-05).
Partitioning was measured during the balance period (Days 43-47).
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g/d 15.1°° 162" 13.9% 135" 0.60 0.011
g/kg DMI 256" 265 18.7° 18.6° 0.69 <0.001
g/kg OMI 29.0° 299" 21.0° 209° 0.83 <0.001
g/kg DDMI 46.8* 48.0° 38.2° 36.8° 154 <0.001
g/kg DOMI 50.1% 51.0° 415" 403" 1.82 <0.001
Ym (MJ CH,/MJ GEI) 0.082° 0.085" 0.057° 0.057" 0.002 <0.001

*®Mean values within a row with different superscript letters differ significantly (P<0:05).
Methane emission measurements conducted over three days (Days 48-50).
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InHay
+Cal+PEG

Dry matter intake

Rhodes grass (g/d) 626" 644° 439" 425" 213 <0.001
Calliandra (g/d) 0 0 314 307 659 <0.001
Total (g/d) 626" 644" 75° 73% 24.1 0.001
Total (g/kg LW*7%) 516" 51.7° 61.8° 61.1° 1.09 <0.001
Liveweight

LW Day 1 (kg) 279 288 28.1 275 L12 0.843
LW Day 50 (kg) 27.1 275 284 280 1.04 0.807
LWG 1-50 (g/d) -16.68" -26.60" 7.16" 11.30" 9.65 <0.001

**Mean values within a row with different superscript letters differ significantly (P<0.05).
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Nutrient intake

DMI (g/d) 571°
DMI (g/kg LW7%) 472°
OMI (g/d) 512°
CPI (g/d) 353°
NDFI (g/d) 413"
ADFI (g/d) 220

594"
4758
531°
38.2°
423

224

752
61.6"
689°
91.1*
374°

210

*"Mean values within a row with different superscript letters differ significantly (P<0-05).

724
60.4"
664"
89.0°
356

199

25.7

2.01

23.1

232

16.7

9.06

<0.001

<0.001

<0.001

<0.001

0.020

0.196
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DMD 528" 53.7° 19.4° 50.7" 1.04 0.009
OMD 56.8" 57.6" 52.3° 534 0.98 <0.001
CPD 124 448" 35.3° 44.1° 2.84 0.043
NDED 65.3" 66.2° 554" 58.7° 1.00 <0.001
ADFD 63.3" 63.8 49.6" 53.9" 1.24 <0.001

*>Mean values within a row with different superscript letters differ significantly (P<0.05). Digestibilities were measured during the balance period (Days 43-47).
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Ash CP NDF ADF ADL ME

Cropping system

(VA] (V7] (VA] (VA] (VA) (MJ/kg)
Tiligre 911 + 0.1 88°+17 15*£08 | 36™x2 23°£2 46503 100°+1.0 | 67°+05
Monoculture KVX745-11P 9L1£03 | 106”07 1714 | 36%+1 281 51% 0.1 9.8 +£1.0 | 67°%07
KVx745-11P* 9L1+02 | 125°+13 18°+16 41%+4 3714 65+ 09 87°+04 | 59°+26
KVx745-11P and Ponta Negra 913+ 03 1L1° + 1.0 17°£22 3542 30°+1 54 + 04 9.5°+ 0.1 ‘ 65" + 0.8
Tiligré and Sariassol6 914+02  99%£03  15%£02 | 3454 2743 | 54%+07 97°+02 | 66 %15
Intercropping  KVx745-11P and Sariassol6 912+02  106°+02 20" +26 37°+2 3P+ 1 5.8 +03 96°+04 | 66" +24
Tiligré and Ponta Negra 91.1 £ 0.1 9.9° + 1.5 13+ 1.0 37°+2 » 28 +2 55°+03 95°+02 | 64 £ 11
KVx745-11P and Sariassol6* 91203 | 13.2°+08 | 19°x15 | 39%x2 | 382 6.1°£05 8603 | 60°% 16
Statistic F 1.53 9.23 7.93 418 2112 605 2241 1805
P-Value 0.19 0.001 0.001 0.002 000l | o000l 0.001 0.001

*= On-farm trials. Values with the same letters in the same column are identical (LSD; p < 0. 05).
DM, Dry Matter; CP, Crude Protein, NDF, Neutral Detergent Fiber; ADF, Acid Detergent Fiber; ADL, Acid Detergent Lignin; EM, Metabolizable Energy; IVOMD, In Vitro Organic Matter
Digestibility.
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Density = Biomass

Croppin
systgpm 9 (plant/ (kg DM/
m?) ha)
Ponta Negra 60" + 41 115.2* £ 97
Sariaso16 67" + 52 137.0° + 63
Monoculture
Tiligre 46" + 47 765" + 44
KVx745-11P 12°+ 10 36.2°+ 40
Ponta Negra and Tiligré 32°+12 80.7% + 40
Ponta Negra and b
28>+ 22 40.7 £ 22
KVx745-11P
Intercropping
Sariaso16 and Tiligre 58% + 26 1173+ 24
iasol KVx745-
Sariaso16 and KVx745. b0 §7.3% + 80
11P
B 2.84 3.28
Statistic -
P-Value 0.013 0.005

Values with the same letters in the same column are equal (LSD; P = 0.05).
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Fodder biomass Grain yield

Cropping system (kg DM/ha) (kg/ha)
Sorghum Cowpea Sorghum Cowpea
Sorghum Ponta Negra monoculture 10051° + 1169 - 1863° + 934 -
Sorghum Sariasso16 monoculture 4447 + 407 - 4415" + 593 -
Cowpea Tiligre monoculture - 3283 + 556 - 2116 + 457
Cowpea KVx745-11P monoculture - 4721 *1550 - 2169 + 341
Mother trial (On-station) T
Ponta Negra intercropped with Tiligré 5735 + 838 2238" + 405 2015° + 325 1193 + 391
Ponta Negra intercropped with KVx745-11P 6230° + 1276 2025" + 517 13459 #309 834" + 224
Sariassol6 intercropped with Tiligré 2832° + 388 2420 + 380 2365 + 145 1207° + 241
Sariasso16 intercropped with KVx745-11P 2313° + 434 2288" + 386 2315 + 457 1082 + 475
Sariassol6 only 6414 + 2817 - 3458 + 1175
Baby trials (On-farm) KVx745-11P only - 3860° + 1888 - 1268" + 635
Sariasso16 intercropped with KVx745-11P 3084 + 1232 3251% + 1265 2394 + 1089 1116° + 401
F 221 221 448 358
Statistic
P-Value 0035 0039 0.000 0.002

Values with the same letters in the same column are equal (LSD; P = 0.05).
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Treatment For fora:;iniomass For'grain For forage For'grain
yield Biomass yield
Tiligre monoculture 1.00 1.00 3283 2116
KVx745-11P monoculture 1.00 1.00 4721 ‘ 2169
Ponta Negra monoculture 1.00 1.00 10051 1863
Sariaso16 monoculture 1.00 1.00 4447 4415
Mother trials (On- station)
Ponta Negra intercropped with Tiligre 1.25 1.65 12587 3064
Ponta Negra intercropped with KVx745-11P 1.05 L11 10539 2061
Sariaso16 intercropped with Tiligré 1.37 111 6110 4883
Sariaso16 intercropped with KVx745-11P 1.01 1.02 4468 4517
KVx745-11P monoculture 1.00 100 3860 1268
Baby trials (On-farm) Sariaso16 monoculture 1.00 1.00 6414 : 3458
Sariaso16 intercropped with KVx745-11P 132 1.57 8486 | 5438
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Ash CP NDF ADF ADL ME IVOMD

Cropping system

(VA] (VA] (VA] (%) (VA] (MJ/kg) (VA]
Ponta Negra o503 | 57709 | 41:15 obi2 ez 4.7°+ 0.1 78%+02 | 51°%2
Monoculture Sariassol6 923" £ 0.3 62"+ 1.0 45+08  68°+2 | 4003 | 64704 73 +03 48°+1
Sariasso16* 923"+ 02 86+ 1.0 44+11  70°:2 43 +2 63°+07 6903 46" +2
Ponta Negra and KVx745-11P 91.7° + 0.8 55"+ 0.9 51+ 15 65°+3 ‘ 3745 5%+ 14 76" + 1.0 ‘ 51°+3
Sariasso16 and Tiligré 926" 0.3 66°+ 1.5 48+06  68°x3 | 41®x2 | 6204 7.2° + 04 47°£2
Intercropping | Sariassol6 and KVx745-11P 924 +0.1  7.6%+117 | 5412 66T +1 40°+1 6.1° £ 0.6 72202 48°+1
Ponta Negra and Tiligré 91.7° + 04 51°+0.9 51+07 64° +2 35941 4.7°+09 817 +02 520+ 1
Sariasso16 and KVx745-11P* 922" + 0.4 88"+ 11 49+ 11 67%x4 | 42':4 | 61°%06 | 7003 | 47°:2

Statistic F 426 10.10 073 3.69 734 456 530 3.94
P-Value 0.002 0.000 064 0.004 0.000 0.001 0.000 0.003

*= On-farm trials. Values with the same letters in the same column are identical (LSD; p < 0. 05).
DM, Dry Matter; CP, Crude Protein, NDF, Neutral Detergent Fiber; ADF, Acid Detergent Fiber; ADL, Acid Detergent Lignin; EM, Metabolizable Energy; IVOMD, In Vitro Organic Matter
Digestibility.
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Silt

A 4.78 4.06 0.46 0.02 10.5 920 29 1012 43 16.4 213 62.3
B 5.00 4.19 0.49 0.03 10.9 99 52 1063 45 17.2 19.4 63.5
C 4.73 433 0.43 0.02 10.4 94 4.9 952 37 154 208 63.7
D 4.95 4.07 0.53 0.03 10.7 9 6.2 1049 42 17.2 19.6 63.2
E ‘ 5.01 4.14 0.49 0.03 10.4 85 4.1 1011 41 17.4 17.7 64.9
F 4.90 4.12 0.43 0.02 10.6 83 43 975 42 16.7 19.1 64.2
G [ 5.01 4.18 0.39 0.02 ] 104 88 3.5 976 43 16.4 17.2 66.4
H 5.09 422 0.43 0.02 10.5 87 » 4.7 1123 38 19.4 16.2 64.5
Mean 4.93 4.16 0.46 0.02 10.6 91 4.6 1020 41 17.0 18.9 64.1

OM, Organic Matter; N, Nitrogen; C, Carbon; P, Phosphorus; K, Potassium; Av, Available. *(Soils samples from study site in 2019.
NB: Composite samples from 3 sampling points on the diagonal of each plot.
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Grain yield

Biomass
(t DM/ha)

Species Cultivar Origin

P J (t/ha)
Sorghum Ponta Negra EMBRAPA 130 04-3
(Sorghum bicolor L. Moensh) Sariaso16 INERA 105-110 1.5-44
Cowpea Tiligre INERA 70 15-23
(Vigna unguiculata L. Walpers) KVx745-11P INERA 75 0.8 -2.1

CP, Crude protein; IVOMD, In vivo organic matter digestibility (Source: 2019 and 11

udo, 2020).

53-10
3-47

48 - 49
49 - 50

64 - 65
64 - 65
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Index

wC

LER

SPI

on

Weed density
(WD) and
biomass (WB)
per unit area of
land

Land area
under sole
crops required
to produce the
yields achieved
in intercropping

Standardization
of the yields of
the secondary
crop “b” into
those of the
main crop “a”
in the

intercropping

Interpretation

Comparison of different weed
densities and biomass
regarding cropping systems

An LER of 1 indicates equal
advantages for intercropping
and monoculture; a value
more than 1 means more
advantage for intercropping
than for monoculture; and an
LER less than 1 means less
advantage for intercropping
than for monoculture

Comparison between yields of
the main crop in monoculture
and the one in intercropping
after standardization

Reference

Ekeleme et al.,
2019

N’Goran et al.,
2011

Khan et al.,
2020
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Cowpea Sorghum

s vanat Grain Fodder Weed Weed Grain Fodder Weed
ouUIcECiolvarlaton Yield = Biomass Density . =S Yield Biomass Density
(kg DM (plant/ licihat) (kg (kg DM (plant/
ha) m?) 2 ha®)  ha?) m?)
Year NS NS NS NS NS I NS NS
Cultivar NS * - * * * NS NS
Cropping system L it NS NS e At A ®
E‘é"d‘er ekl Year*cultivar NS N NS NS NS NS NS NS
n
Station) Year*cropping system NS NS NS NS NS NS NS NS
cultivar*cropping system NS * NS NS - NS NS
Year*cultivar’ cropping NS NS NS NS NS NS NS NS
system
Year NS NS s = NS NS - =
Baby trials (On X or ok
Farm) Cropping system NS NS - - - -
Year* Cropping system NS NS = = NS NS s =

*=p < 0.05, **=p < 0.01, **=p < 0.001, NS, Not significant at p < 0.05. DM, Dry Matter.
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Saponin

Hexose hederagenin

3-glucose-medicagenic acid

Medicagenic acid derived

Hexose-hexuronic acid-aglycone A

Azukisaponin IT

Medicoside H

Medicagenic acid 3-O-B-D-glucuronide
3-glucose-glucose-28-arabinose-rhamnose-medicagenic acid

Hexuronic acid-d-hexose-pentose-pentose-pentose-zanhic acid

62.7

84.2

89.3

101

200

DM, dry matter.
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Compound

Vitamin C

Vitamin B
complex

Vitamin E

Carotenoid

DM, dry matter.

Ascorbic acid

(mg/kg) 77.6
Thiamine 8.9

Riboflavin 90.4
Niacin 2.0

Pantothenic acid 31.8
Pyridoxine 27

o-tocopherol 205.9
Zeaxanthin (mg/

kg) 9.3
Lutein (mg/kg) 86.3
B-carotene (mg/

kg) 24.8

Retinol (mg/kg)

Englmaierova et al.
(2019)

Jia et al. (2019)

Englmaierova et al.
(2019)
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Systematic

name
Total fatty acids (g/kg DM) - - 36.9 -
Saturated fatty acids (g/100 g = = 244 29.7
total fatty acids)
Unsaturated fatty acids (g/100 g - - 75.6 69.6
total fatty acids)
Caproic C6:0 - - 0.00 0.34
Caprylic C8:0 - - - 0.53
Capric C10:0 - - - 0.40
Lauric C12:0 = 0.7 = 0.83
Myristic C14:0 - 24 0.00 1.46
Pentadecanoic C15:0 - - - 0.44
Palmitic Cl16:0 17.7 250 19.9 22.08
Palmitoleic Cle:1 = = 1.90 2.30
Stearic Cl18:0 3.02 56 4.50 3.18
Oleic C18:1 4.52 23 5.87 4.05
Linoleic Cl18:2n6 22.28 140 16.20 16.88
a-linolenic C18:3n3 37.93 41.1 43.1 41.36
¥-linolenic ' Cl18:3n6 - - 6.60 0.28
Eicosanoic C20:0 4.46 - - =
Eicosadienoic C€20:2n6 - - 0.00 0.28
Arachidonic C20:4n6 - - - 0.30
Docosanoic C22:0 3.03 - - -
Tricosanoic C23:0 = = = 0.15

DM, dry matter.
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Nutrient component

CF Reference
90.1 = 17.3 11.1 = = - Pleger et al. (2021)
79.5 - ‘ 18.5 - 28.9 41.3 333 Homolka et al. (2008)
92.7 - 20.7 13.0 - 44.1 332 Scholtz et al. (2009)
85.0 13 225 9.5 30.0 49.3 375 McDonald et al. (2011)
89.7 - : 20.1 92 - 53.7 385 Hidosa and Biru (2021)
92.0 1.4 215 11.0 282 36.7 253 He et al. (2021)
- = 16.4 = 257 - - Tkacova et al. (2011)
- - 23.6 - - 49.1 302 Tessema and Baars (2006)
- 1.8 24.1 ' - 25.8 49.3 43.8 Stavarache et al. (2012)
- - 18.1 - - 42.3 374 Liu et al. (2018)
89.6 - 17.0 11.3 20.3 - - Zheng et al. (2019)
84.0 1.83 13.5 124 28.1 483 36.7 Koger et al. (2018)
92.5 - 16.0 9.1 27.3 - - Aganga and Tshwenyane (2003)
89.4 2.1 19.2 - - - - Laudadio et al. (2014)

DM, dry matter; EE, ether extract; CP, crude protein; CF, crude fibre; NDF, neutral detergent fibre; ADF, acid detergent fibre.
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Amino acid Amino acid in lucerne Moringa oleifera leaf Sunflower meal ( Soyabean meal (
meal ( ) ) )

(Cg'/t‘;e;;;;ei" 230 196.1 219 3029 182 473

Histidine 400 184 233 236 1.96 290
Isoleucine 291 367 397 3.86 338 474
Leucine 8.26 627 721 647 498 7.74
Lysine 513 5.66 598 541 3.59 649
Methionine 139 117 164 0.99 178 137
Phenylalanine 2.39 403 470 541 383 512
Threonine 304 393 443 449 290 376
Valine 430 |6t 502 466 395 493

Arginine 5.04 372 452 5.88 6.49 7.23

Serine 396 413 416 3.60 344 440
Aspartic acid 10.35 10.96 12,65 472 7.28 11.04
Cystine 130 112 i 0.03 193 133

Glutamic acid 8.22 841 10.09 835 17.21 17.82
Glycine 3.65 403 475 505 438 419
Alanine | 396 479 553 10.00 341 429
Tyrosine 2.70 245 311 8.75 1 355
Proline 496 6.07 521 3.96 335 482

DM, Dry mater.
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Compound ug/g DM

Phenolic acids Gallic acid 3.14
Protocatechuic acid -
p-hydroxybenzoic acid 74.39

Chlorogenic acid -

Vanillic acid 4.24
Caffeic acid 11.48
Syrigic acid 279
p-coumaric acid 64.82
Ferulic acid 2225 ‘
Sinapic acid 2436
Flavonoid Catechin 6,780
Rutin 270
Myricetin 3,910
Luteolin 450
Quercetin -
Apigenin 280
Genistein 104
Daizein 131

DM, Dry matter.
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Phytoestrogen

Coumestrol (ug/g DM) 17.5
Coumestans 3’-methoxycoumestrol 51
4'-methoxycoumestrol 125
Isoflavone Formononetin 294

DM, dry matter.
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Budding
Early flowering

Middle
flowering

DM, Dry matter.

Crude

protein
29.00

27.69

26.84

Neutral
detergent
fibre

19.36

21.58

2243

Acid
detergent
fibre

12.14

12.16

1221






