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Effect of replacing wheat straw with alfalfa hay and corn silage in the diets
containing similar concentrations of physically effective NDF on performance of
lactating dairy cows
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ABSTRACT

This study aimed to investigate the effects of partial replacement of wheat straw for corn silage and alfalfa hay at 7%
diet dry matter (DM) on feed intake, nutrient digestibility, and milk production of late-lactation Holstein cows. Eight
multiparous Holstein cows (averaging 2.9+0.35 parity; 43.6+2.6 kg/d milk yield; 214418 d in milk) were used in a
replicated 4x4 Latin Square design. During each of four 21-d periods, cows were fed total mixed rations varying in
forage source: 1) control (13.5% alfalfa hay, 20% corn silage and 66.5% concentrate), 2) wheat straw replaced for
corn silage, 3) wheat straw replaced for alfalfa hay 4) wheat straw equally replaced for corn silage and alfalfa hay.
Diets were formulated to contain similar values of NDF, forage NDF and physically effective NDF. The DM intake,
milk production and compositions as well as total tract digestibility of DM, organic matter, NDF, and crude protein
were unaffected by treatments. Likewise, ruminal and blood parameters were not affected by experimental
treatments. Body weight gain tended to be lower (P=0.06) for cows fed the wheat straw-included diets. These results
indicated that, at 7% of diet DM, chopped wheat straw could be used as an alternative for major forage sources high
concentrate diets for lactation cows yielding over 40 kg/d milk.

Keywords: Dry matter intake, fiber digestibility, lactating cow, wheat straw.
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Table 1. Ingredient and chemical composition of the experimental diets

Item Treatment®
CSA WSCS WSA WSACS

Ingredient, % of DM
Alfalfa hay, mature chopped 135 135 35 8
Corn silage, immature, chopped 20 11 20 16
Wheat straw, chopped - 7 7 7
Ground barley 22.28 22.95 23.28 23.12
Ground corn 14.94 15.39 15.62 15.50
Ground linseed 2.68 2.76 2.80 2.78
Soybean meal 12.64 13.02 13.21 13.11
Canola meal 4.32 4.45 4.52 4.49
Extruded soybean 3.99 411 4.17 4.14
Saturated fat supplement (85% palmitic acid) 1.86 1.92 1.95 1.93
Calcium carbonate 0.53 0.55 0.56 0.55
Magnesium oxide 0.20 0.21 0.21 0.21
Sodium bicarbonate 1.13 1.16 1.18 1.17
White salt 0.33 0.34 0.35 0.35
Sodium bentonite 0.33 0.34 0.35 0.35
Dicalcium phosphate 0.20 0.21 0.21 0.21
Mineral- vitamin premix* 1.00 1.03 1.05 1.03
Mycotoxin binder 0.07 0.07 0.07 0.07
Chemical composition,
Dry matter, % 55.67 63.59 56.04 59.33
Organic matter, % of DM 91.04 90.70 91.24 90.60
Crude protein, % of DM 15.36 15.30 14.70 15.00
Ether extract, % of DM 4.40 4.60 4.79 5.06
Neutral detergent fiber (NDF), % of DM 30.39 31.79 31.24 31.72
Forage NDF, % of DM 15.37 15.94 16.52 16.28
NFC®, % of DM 40.81 39.70 39.90 37.07
Ash, % of DM 8.96 9.30 8.76 9.40
NEI, Mcal/kg of DM 1.65 1.64 1.65 1.65
uNDF 288(h)°, % DM 10.86 11.96 10.18 10.12

azigy LAY + pasS oS LY + oddiglew 5,3 V) =WSCS (oS50 olge 18PN + S asigy LAYV/D + oo gl &3 /¥ +=CSA g4l> o> N
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Ca, 200 g/kg; Mg, 40 g/kg; Mn, 6000 mg/kg; Zn, 10000 mg/kg, Cu, 2500 mg/kg; Se, 50 mg/kg; I, 50 mg/kg; Co, 50 mg/kg; Vit. A, 800000 1U/kg; Vit.

D3, 150000 1U/kg; Vit. E, 5000 1U/kg.
Voo — (S 4ol oz 4l i HNDF) = 31 é bl gy S Y

NRC (2001) 5l oaiss ysl 83y a5 (5, =NEL ¥

insitu ;o azels YAA (6,135 auS )0 (g9, 5l oo yunss i 8,6 LI =UNDF288 .0
1. Diets contained (DM basis): CSA= 20 % corn silage + 13.5 % alfalfa hay and 66.5 % concentrate, WSCS= 11 % corn silage + 7 %wheat straw +
13.5 % alfalfa hay and 68.5 % concentrate, WSA= 20 % corn silage + 7 %wheat straw + 3.5 % alfalfa hay and 69.5 % concentrate, and WSACS= 16%
corn silage + 7 %wheat straw + 8 % alfalfa hay and 69 % concentrate.
2. Vitamin-Mineral premix composition: Ca, 200 g/kg; Mg, 40 g/kg; Mn, 6000 mg/kg; Zn, 10000 mg/kg, Cu, 2500 mg/kg; Se, 50 mg/kg; I, 50 mg/kg;
Co, 50 mg/kg; Vit. A, 800000 1U/kg; Vit. D3, 150000 1U/kg; Vit. E, 5000 1U/kg.
3. Non-fiber carbohydrates calculate as: 100 — (% NDF + % CP + % EE + % ash).
4. NEL : Net energy lactation estimated from NRC (2001).
5. uUNDF288 = undigested NDF determined using 288-h in situ incubation.
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Table 2. Chemical composition and particle size distribution of forages used in total mixed diets

Item Wheat straw Alfalfahay Corn silage

Dry matter (%) 92.9 91.6 253
Crude protein (% of DM) 4.10 14.4 8.72
Neutral detergent fibre (% of DM) 72.8 394 50.2
%DM retained on, mm

>19.0 321 22.3 38.6

8.0-19.0 34.4 36.8 50.9

1.18-8.0 26.5 16.3 8.5

<1.18 6.9 245 2.0
pefos* 0.66 0.59 0.89
Xgm®(mm) 9.9 54 12.2
Sgm*(mm) 2.8 3.6 1.8

Lalsloy olR231s SSUIY (g, onilondly S5 S (5, 5l ond dline Sa5ed 5o 52516 pefi, )
Lolsloy ol£250s SSUIY (g, snilondly 5 G 1 oy 0,02 NDF (g5, 5l oo dolins Sa5ud 550 LI =peNDFy .Y
(S424) ASAE, 2001 33 b 5l ot dline S,3 swoin Jsb eSiles =X '

(S424) ASAE, 2001 3 b 5l oosidlne S,3 wsin Jsb lxe Gl il = SDgy

1. pef,s = physical effectiveness factor calculated as cumulative proportion of particles retained on 2 sieves of Penn State Particle Separator.

2. peNDF, = physical effective NDF calculated as ration NDF multiplied by cumulative proportion of particles retained on 2 sieves of Penn State
Particle Separator.

3. Xgm= Geometric mean length as calculated by the ASAE (S424), 2001.

4. SDgy= standard deviation as calculated by ASAE (2001; method S424).
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Table 3. Particle size distribution and physical effective NDF content of diets and orts

Treatment®
Item CSA WSCS WSA WSCSA SE P

TMR retained on sieve, mm

>19.0 5.7° 9.3% 7.8° 5.6° 0.42 0.001

8.0-19.0 32.8 26.5 324 31.3 1.86 0.12

1.18-8.0 35.7 36.3 355 35.8 1.54 0.98

<1.18 25.8° 27.9°% 24.2° 27.3° 0.81 0.02

Kgm (MM) # 421 3.88 4.50 4.02 0.29 0.50

Sgm (Mm) 3.10° 3.37° 3.13° 3.12° 0.05 0.01

pefys* 0.38 0.35 0.40 0.37 0.02 0.28

peNDF,°, % of DM 11.68 11.38 12.57 11.68 0.55 0.38
Orts retained on sieve, mm

<19.0 77 8.1 8.0 6.5 1.40 0.84

8.0-19.0 34.2 33.7 31.9 31.6 2.65 0.86

1.18-8.0 40.4 41.4 39.1 40.7 2.25 0.91

<1.18 17.9 16.8 21.0 21.2 3.09 0.67

TEND + Sias azigy TAYID + pasS oS LY + oadglow &,3 /1) SWSCS (1S, slge 1872/0 + Sis azigy LAV/Q + oals gl &3 .Y+ =CSA )
+ paiS oS LY + oddighaw )3 LVF =WSACS (ST ,is Slge 1PN + Sis azisy LYIO + paiS olS ao )0 ¥ + oalighow &3 /Y sWSA (oS5 8lse
o5 | yie Olge 15+ Slis azgy VA
(S424) ASAE, 2001 5, ,b 5l oo deloee &l,3 cwaie Jsb (n.Sile =Xgm ¥
(S424) ASAE, 2001 35 ,b 5l oo dsles &, pwdie Job lixe C3l,mil =SDgm Y
Lilghonsy oRisls SUNY (g5, onslondls D)3 s (595 5l 0ol alore (S50 S50 ;9351 pefys F
Lilglnty olS23ls ¥ (g3, oailondl 13 o 55 Gy 0 NDF (g3, 5l 00 dmsles (o508 50 BLII=peNDFs &
1. CSA= 20 % corn silage + 13.5% alfalfa hay and 66.5% concentrate, WSCS= 11 % corn silage + 7 %wheat straw + 13.5 % alfalfa hay and 68.5 %
concentrate, WSA= 20 % corn silage + 7 %wheat straw + 3.5 % alfalfa hay and 69.5 % concentrate, and WSACS= 16 % corn silage + 7 %wheat straw
+ 8 % alfalfa hay and 69 % concentrate.
2. Xgm= Geometric mean length as calculated by the ASAE (S424), 2001.
3. Syn= standard deviation as calculated by ASAE (2001; method S424).
4. pef,s, = physical effectiveness factor calculated as cumulative proportion of particles retained on 2 sieves of Penn State Particle Separator.

5. peNDF, = physical effective NDF calculated as ration NDF multiplied by cumulative proportion of particles retained on 2 sieves of Penn State
Particle Separator.
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Table 4. Effect of replacing wheat straw with alfalfa hay and corn silage on feed intake and apparent digestibility of nutrients

ltem Treatment”
CSA WSCS WSA WSACS SE P

Intake (kg/d)

Dry matter 24.6 23.2 25.7 24.0 1.28 0.58

Organic matter 22.4 211 23.4 21.7 0.89 0.32

Crude protein 3.7 35 3.7 3.6 0.15 0.63

Neutral detergent fibre (NDF) 7.8 7.6 7.6 7.4 0.40 0.89

peNDF,s* 2.97 2.89 2.87 2.80 0.15 0.89
Nutrient digestibility(%)

Dry matter 714 69.8 69.3 68.0 1.18 0.57

Organic matter 735 71.9 714 70.0 1.64 0.53

Crude protein 73.4 73.3 70.8 69.5 1.70 0.33

NDF 36.3 38.1 36.4 39.1 2.15 0.68
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1. CSA= 20 % corn silage + 13.5 % alfalfa hay and 66.5 % concentrate, WSCS= 11 % corn silage + 7 %wheat straw + 13.5 % alfalfa hay and 68.5 %

concentrate, WSA= 20 % corn silage + 7 %wheat straw + 3.5 % alfalfa hay and 69.5 % concentrate, and WSACS= 16 % corn silage + 7 %wheat straw
+ 8 % alfalfa hay and 69 % concentrate.

2. peNDF,s = physically effective NDF calculated as ration NDF multiplied by cumulative proportion of particles retained on 2 sieves of Penn State
Particle Separator.
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Table 5.Effect of replacing wheat straw with alfalfa hay and corn silage in the diet on milk production and body weight

ltem Treatment’
CSA WSCS WSA WSACS SE P
Body weight change, kg 23.1° 43" 9.4° 41° 5.26 0.06
Milk yield ,kg/d 40.3 38.2 39.8 39.2 1.61 0.82
4% FCM, kg/d 34.7 33.2 345 33.7 1.59 0.89
Energy corrected milk (ECM), kg/d 38.9 37.1 38.6 37.7 1.72 0.86
FCM/ DM, kg/kg 1.42 1.44 1.36 1.42 0.06 0.77
ECM/ DML, kg/kg 1.60 1.61 1.52 1.59 0.07 0.78
Milk fat, % 3.12 3.18 3.18 3.13 0.07 0.97
Milk protein, % 3.27 331 3.32 3.29 0.03 0.99
Milk lactose, % 4.40 4.46 441 4.37 0.05 0.95
Milk fat, kg/d 1.24 1.19 1.24 121 0.06 0.93
Milk protein, kg/d 1.35 1.28 1.33 131 0.05 0.78
Milk lactose, kg/d 1.79 1.69 1.77 1.74 0.07 0.71
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1. CSA= 20 % corn silage+ 13.5 % alfalfa hay and 66.5 % concentrate, WSCS= 11 % corn silage + 7 %wheat straw+ 13.5 % alfalfa hay and 68.5%
concentrate, WSA= 20 % corn silage+ 7 %wheat straw + 3.5 % alfalfa hay and 69.5 % concentrate, and WSACS= 16 % corn silage+ 7 %wheat straw +

8 % alfalfa hay and 69 % concentrate.
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Table 6. Effect of replacing wheat straw with alfalfa hay and corn silage in the diet on some rumen and blood parameters

- Treatment'
CSA WSCS WSA WSCSA SE P

Rumen parameters

pH 6.35 6.48 6.35 6.29 0.13 0.56

ammonia nitrogen (mmol/1) 55 6.1 5.6 5.7 0.60 0.88
Plasma parameters

Glucose (mg/dl) 79.9 724 71.9 80.9 3.46 0.16

Urea nitrogen (mg/dl) 9.3 10.2 9.4 10.5 0.76 0.39
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1. CSA= 20 % corn silage + 13.5 % alfalfa hay and 66.5 % concentrate, WSCS= 11 % corn silage + 7 %wheat straw + 13.5 % alfalfa hay and 68.5 %
concentrate, WSA= 20 % corn silage + 7 %wheat straw + 3.5 % alfalfa hay and 69.5 % concentrate, and WSACS= 16 % corn silage + 7 %wheat straw
+ 8 % alfalfa hay and 69 % concentrate.
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