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Table 1- Cutting and harvesting time of alfalfa samples in spring and summer

- (°C) I (slo> Jslas (°C) I (slo> Sl e A ye gl gor 5 05 Lop et gslb IS ) o
S;te Minimum Maximum Cutting Press and (celd) (csly) );ai..n f;»l).
temperature temperature stage collecting Sunrise Sunset(h)

ab)& 23 L

June 13 20 36 EBPM 05:14 19:50 0

j;’;ezi 4 20 36 EBAM! 05:14 19:51 0

ab)& 25

June 15 18 35 05:14 19:51 0

ab)& 26

June 16 18 35 05:14 19551 0

ab)& 27

June 17 20 37 05:14 19:52 0

S5 28 pdesd iyl

Ju)r:e 18 20 39 Early bud 05:14 19:52 0

ab)& 29 )

June 19 24 40 LBPM 05:14 19:52 0

3‘;’;6320 24 39 LBPM?! 05:15 19:53 0

j;)r?egél 24 39 05:15 19:53 0

ijie 22 22 37 05:15 19:53 13

ijie 23 18 35 05:15 19:53 0

;3 (e Bl

Tune 24 20 32 Late bud 05:16 19:53 0

54

ijne 25 19 35 05:16 19:54 0

jﬁie 26 19 36 EFPM?! 05:16 19:54 0

ijﬁe 27 19 37 EFAM' 05:17 19:54 0

SLr:e 28 21 37 05:17 19:54 0

ijge 29 20 36 05:17 19:54 0

ijge 30 21 38 05:17 19:54 0
51

I\;Iyayol 21 39 05:18 19:54 0

S 5l am yd g (pddoue Blol )3 odd s dodgy LBPM o g pdoxs blgl )0 oAb oa asy EBAM S 5l amy pd g (poazse Dlol )3 ol ods dodigy EBPM !
o 9 5 Dlol 13 0 one asvg EFAM g b 5l aw 13 9 (248 Llgl )3 00 o> ao6gs EFPM s 15 5 (mdasue 315l )3 o0 odx a5 LBAM
! Alfalfa harvested at early bud stage in the morning (EBAM), alfalfa harvested at early bud stage in the afternoon (EBPM), alfalfa harvested at late

bud stage in the morning (LBAM), alfalfa harvested at late bud stage in the afternoon (LBPM), alfalfa harvested at early bloom stage in the morning
(EFAM), and alfalfa harvested at early bloom stage in the afternoon (EFPM).
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Table 2- The effect of growth stage (GS) and cutting time (CT) on morphological and chemical composition of dried alfalfa

forage
)l se e ) s Byl =5 gl Sl dme
Early bud Late bud Early bloom SEM Significance level
Items
FST e FST e FST e GS CT GSxCT'
Afternoon Morning Afternoon Morning Afternoon  Morning

(Conl o ygoty 45 Bl Sy 1o 4 S5 0o )5 100/ p3)  So39)g8 50 Sluoguas
Morphological characteristics g/100g DM (except Leaf/stem ratio)

DM 25.4°¢ 21.1° 26.4° 24.8¢
LC 37.1 34.0 34.0 32.0
s

Sl 0.60 0.52 0.52 0.47
Leaf/stem

30.4° 24.2°¢ 055 <0.01 <0.01 <0.01
30.0 28.0 110 <0.01 <0.01 0.8

0.43 0.38 0.02 <0.01 <0.01 0.67

Hsas ool 2,5 100/ £,9) olowts Sy
Chemical composition (g/100g DM)

ADF 34.0° 35.0° 38.8% 41.1°
ADL 75 7.1 8.8 8.4
nNDF 42.7° 41.5° 45.7° 48.9°
NDICP 10.8 10.6 13.6 135
Pk 25.4° 26.6° 27.2% 29.1%
Cellulose

FuSB b a d d
At 9.8 10.1 9.1 9.1
cP 20.7 20.1 18.0 16.8
TESC 11.1° 8.5%¢ 8.7 7.9
EE 2.1 2.0 2.0 2.0
CHO 68.7 68.1 71.1 72.3

40.6® 38.0° 0.22 <0.01 0.8 <0.06

8.8 7.1 043 <0.05 <0.05 0.26
47.6%® 45.6° 0.83 <0.01 0.8 <0.02
11.6 13.4 0.67 <0.02 041 0.32
29.4° 255° 069 <0.05 063  <0.01
9.4° 9.9% 0.2 <001 <001 <0.03
15.9 17.3 061 <0.01 0.63 0.17
9.7° 8.50¢ 0.37 <0.03 <0.01 <0.1
2.0 2.0 003 05 0.92 0.85
73.1 71.3 0.82 <0.01 0.35 0.30

(POI05) sy o s (sime ST (ells ey By b (eloySilin s, po > {CTXGS) 1) dlo yo 5y oloj ke 51T

CP) bl ufigy e (el onh gromuss 25 odingd LI TNNDF £ stpul o5 w8 FADL £ sl okizgs 5 Jsbnols LI ZADF 1 S.ts 03l SDMiS yy (glyions SLC
Pl gy slae (dl 0ad omal (L5 ohsd ¥ 9 ¥ 95 ) 2 lyie

NRC) (5256 +EE + CP) — 100=\acl,s,05:,8 JS SCHO%15 1y ZEE ¢ sl )3 Jsloxe (claclyimgs,S IS STESC 415 e =EE {NDICP) sk oylsys 4 Jato

(2001

“The interaction effect of cutting time by growth stage (CTxGS); Means with different superscript letters within the same row differ (P<0.05);
LC= leaves content; DM= dry matter; ADF= acid detergent fiber; ADL= acid detergent lignin; nNDF= the corrected NDF; CP= crude protein;
NDICP= crude protein with cell wall; EE= crude fat; TESC= total CHO dissolved in ethanol; CHO=total carbohydrates.

5 oilejl 5,90 sadiges )> NDF (D) muan B Liso ose
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Table3- The effect of growth stage (GS) and cutting time (CT) on amount and rate of gas production

2)lge pud ) > Ll Solgine o
Early bud Late bud Early bloom Significance level
Items SEM
FST e FST e FST e GS CT GSxCT'

Afternoon Morning Afternoon Morning Afternoon  Morning

b) ke o3l p)5 5

Hsis 570.4 640.9 607.5 601.5 644.6 634.3 5573 007 016 0.04

el » 2 k) 0.087° 0.067¢ 0.077° 0.073° 0.069¢ 0.067° 0.0003 <0.01 <0.01 <0.01

IS a5 50" sadgif5 S D7 (PRONE) iy o s s OS] s alin s gy | csln s i o > {CTXGS) 13, oo 5 s olej bl 51
“The interaction effect of cutting time by growth stage (CTxGS); SEM= Standard error of means; Means with different superscript letters within the
same row differ (P<0.05);?b = Total gas production (ml/g DM); 3 ¢ = Rate of gas production (ml/h)

&850

450

( Gas Yolume ( mg/g DM
(Swid 83l 0,5 43 05 s sl j oo

—+—EBPM
—EBAM
350
LBPM
—4—LBAM
—&—EFPM
250 EFAM
150
(a
-4 6 1e 26 ES 48 55 =3 Te =3 %6
Time ( hours )
( oyl

o )3 g omddoxie ol ) ond ol douigy EBAM tbs 5l s p3 g o4z gl 53 ods od doigy EBPM) alfiolojl lases y3 515 alei aig, =1 JK0
Slam )3 5 8 blgl )5 0nd at> doiigy EFPM (s )5 5 (adaous 3ol 15 oad oy dosey LBAM ¢l 5l am 3 g (mddoue 25l )3 aid sds do0gy LBPM

Figure 1- The amount of gas produced from the incubated alfalfa samples in laboratory conditions. (Alfalfa harvested at early bud

stage in the morning (EBAM), alfalfa harvested at early bud stage in the afternoon (EBPM), alfalfa harvested at late bud stage in the

morning (LBAM), alfalfa harvested at late bud stage in the afternoon (LBPM), alfalfa harvested at early bloom stage in the morning
(EFAM), and alfalfa harvested at early bloom stage in the afternoon (EFPM)).
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[i%] w

28

23

—B—EEPM
—a— EBAM
—— LBPM
—u— LBAM

— EFPI
—a—EFAM

a 20 40

60 80

(u.i:h...l) ole

Time(h)

sl 53 01 ory dosgy EBAM £l jlany )3 5 (mdazeie blyl )5 onb ok o5y EBPM) LalStolejl catS” (ialejl 1o (Sligel (59 i clalé 559, -2 JSWo
2 0l s> gy EFPM (s (5 5 (adaoue Blal )5 o0l oas douigy LBAM ¢l 5l any 3 g (ddomie Blgl )3 o sy dogy LBPM s 3 5 mdaus
(e 22 5 (25 blgl 3 003 or iy EFAM 5 ol 5l aw 3 5 (IS Ll
Figure 2- The concentration of ammonia nitrogen of in vitro batch culture. Alfalfa harvested at early bud stage in the morning
(EBAM), alfalfa harvested at early bud stage in the afternoon (EBPM), alfalfa harvested at late bud stage in the morning (LBAM),

alfalfa harvested at late bud stage in the afternoon (LBPM), alfalfa harvested at early bloom stage in the morning (EFAM), and
alfalfa harvested at early bloom stage in the afternoon (EFPM)).
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Table4- The effect of growth stage (GS) and cutting time (CT) on Kinetics of dry matter and Neutral detergent fiber
digestibility of dried alfalfa forage

2)lge psd pepd Byl > Ll Solgine aw
Early bud Late bud Early bloom SEM Significance level
Items
PRI T PRI T PRI T GS CT  GSxCT'
Afternoon Morning  Afternoon  Morning  Afternoon  Morning
(el 3 p)S olol p wid § 2t Sis olo p)SolS 13 5,5 ) Kt 3lo it colbild
Dry matter digestibility (g/kg DM except Rate of digestion based on g/h)
I 371.2°  3842%  398.2¢ 4301  421.1® 4065  2.095 0.05
<0.01 <0.01
D 644.5° 588.9" 583.5 553.3° 561.7 5758  2.397 <01 003 0.02
K 0.170 0.129 0.163 0.137 0.151 0.164  0.0100 0.93 0.40 0.56

(oo o )5 ol 2 pn ¢ 2 4 NDF p55l 10 p5) (155 osiag 5o Jslonols b

Neutral detergent fiber digestibility (g/kg NDF except Rate of digestion based on g/h)

| 593.7°%  §25.8% 563.3¢ 627.1° 613.5™¢  5824% 3714 031  0.03 <001
D 424.1 400.6 428.9 3789 396.0 4216 6748 088  0.28 0.15
K 0.044° 0.048% 0.060% 0.063 0.058° 0.061* 0.0018 0.03 037 0.99

Uit D ¢ pan BB e yisu d (P<OM05) sl o )l ine M gl o pé g b slanSilo cind) 1o 55 {CTXGS) iy dls o 3 s loj Jalize 1

i 75 Kopan Jouily gl

“The interaction effect of cutting time by growth stage (CTxGS); Means with different superscript letters within the same row differ
(P<0.05); I= Indigestible fraction; D= Digestible fraction; R= Rate of digestion.

S a5y Jlodle pan cublb %) 2 (GS) i il Jolye 13 (CT) e cloj 51-5 Jgu
Table5- The effect of growth stage (GS) and cutting time (CT) on Organic matter digestibility of dried alfalfa forage

e ) pres Byl =5 gl Sl dme
hour Early bud Late bud Early bloom SEM Significance level
R 5w e R e e R 5w e GS CT  GSxCT'
Afternoon Morning  Afternoon  Morning  Afternoon  Morning

4 326.1 304.0 303.5 263.6 248.3 2679 1549 0.38 0.67 0.73
12 496.5° 474.6%° 422.6°  449.3%¢ 404.2° 442.3 6,77 0.02 0.33 0.24
24 534.1%® 546.0% 537.9% 490.2° 489.2° 497.1® 573  0.04 044 0.14
48 627.3° 576.8%® 591.7%® 549.9° 561.4° 555.3° 704 010  0.05 0.44
72 635.0° 597.3% 609.1% 566.5° 610.5® 573.3 411 006 <0.01  0.95

(P<O/05) a2y (oo > (gime ST (shls alito o gy b (slacySiles cd, 2 53 {CTXGS) ay by 3 oyt loj Blito 51 '
“The interaction effect of cutting time by growth stage (CTxGS); Means with different superscript letters within the same row differ

(P<0.05)
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Introduction Cultivated alfalfa (Medicago sativa L.) is the main, most of the time the only, forage for
ruminants in Iran as well as many other parts of the world. Harvesting high quality forage is critical for Iranian
dairy industry, because it affects the performance of animals and reduces amount of concentrates utilization in
dairy diets. Unfortunately the most parts of the concentrates ingredients are imported. Growth stage and cutting
time in the day are known as the main factors affecting alfalfa hay quality. Fiber content increases and protein
fraction decrease with increasing the alfalfa maturity (31). Leaf: stem ratio, digestive behavior and availability of
alfalfa hay are mainly influenced by stage of maturity and cutting time. However, there is limited published
information on the effect of growth stage and cutting time on nutrient characteristics of alfalfa hay. Therefore,
the objective of this study was to evaluate the chemical composition, in vitro digestibility and fermentative gas
production of alfalfa hay harvested at different growth stage and cutting time through in vitro experiments.

Materials and method This study was done at the Research Farm of Ferdowsi University of Mashhad. Iran.
The experimental farm was divided into 3 equal parts. Each part was allocated to one of the three growth stages
(early bud, late bud and early bloom). Every main plot then was divided into 2 equal parts for allocation to two
cutting times (at 6.00 and 18.00 hrs.). Therefore, the six plots were randomly assigned to six treatments in a
factorial arrangement of 3x2. Oven dried (65°C for 48 h) chopped alfalfa hay samples were ground to pass
through a 1-mm screen. The samples were analyzed according to the standard procedures for chemical
composition (2 , 27). Procedure of in vitro gas production was performed according to Menke and Steingass
(1988). Rumen fluid was obtained from three fistulated Baluchi male sheep before morning feeding. The DM
degradation data were fitted to the exponential equation p=a+b (1 - ) (21). The in vitro dry matter, NDF and
organic matter digestibility were determined according to the Arroquy et al. (2005) procedure at 0, 2, 4, 6, 8, 12,
24, 36, 48, 72, 96 hrs ofter incubation.. Test samples were incubated for different hrs and then filtered through
the nylon cloth with the pore size of 44 microns. The remaining materials were dried at 60 °C for 72 hrs and
utilized for the subsequent analysis according to the procedure. The digestibility data were fitted to the
exponential equation Dy = D). €79 + 1 (3).

Results and Discussion Morphological characteristics and chemical composition of the alfalfa samples are
shown in Table 1. With advancing the growth stage DM content was also increased but leaf to stem ratio reduced
significantly (<0.01). Generally the valuable nutrient contents of the samples harvested in the afternoon were
higher than the samples obtained in the morning. With the growth advancement amount of produced gas
increased non-significantly (Figure 1), but the interaction between the growth stage and cutting time in case of
gas production was significant (<0.01). Gas production rate for the early bud samples harvested in the afternoon
was significantly (<0.5) higher. No noticeable trend was found for ammonia nitrogen (NH3-N) in this study.
According to the results of in vitro digestion measurements amount of digestible dry matter for the early bud
alfalfa harvested in the afternoon was higher significantly (<0.05). It was concluded that the nutrient contents of
alfalfa forage harvested at early bud stage and in the afternoon led to higher feeding vale in case of CHO, CP
contents. Alfalfa harvested at early bud stage in the morning (EBAM), alfalfa harvested at early bud stage in the
afternoon (EBPM), alfalfa harvested at late bud stage in the morning (LBAM), alfalfa harvested at late bud stage
in the afternoon (LBPM), alfalfa harvested at early bloom stage in the morning (EFAM), and alfalfa harvested at
early bloom stage in the afternoon (EFPM)).
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Conclusion It was concluded that cutting time of alfalfa forage at early bud stage in the afternoon provides
better hay for ruminants in case of nutritive value.

Key word: alfalfa, cutting time, gas production, growth stage, digestibility.



