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Effects of plant spacings on dry matter yield and nutritive value in alfalfa

(Medicago sativa cv. Neo-thachiwagaba)
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Abstract

This study was to determine the effects of plant spacings on dry matter yield and nutritive
value of alfalfa (Medlicago sativa cv. Neo-thachiwagaba). A field experiment was conducted at Nakhon
Ratchasima Animal Nutrition Research and Development Center during October 2019 to September
2022. A split plot in randomized complete block design was used. Treatments consisted of main plot
was the row spacings of 10, 15, 20 and 25 cm., and sub plot was plant spacings of 5, 10 and 15 cm.,
with 4 replications. Alfalfa was closing cut at 60 days after planting and then was interval cutting at 45
days along 2 years for yield harvesting. The results showed that dry matter yield of alfalfa obtained
the highest in the first year of cultivation and decreased in the second year due to diseases and
insects. In the first year, interaction effect of row and plant spacings at 10x5 cm. obtained the
significantly highest (p<0.05) of dry matter yield, with an average of 3,716 kilograms/rai. Effect of row
spacing at 10 cm. obtained a significantly higher (p<0.05) of dry matter yield than row spacing at 15,
20 and 25 cm., whereas effect of plant spacing at 5 cm. obtained a significantly higher (p<0.05) of dry
matter yield than plant spacing at 10 and 15 cm. In addition, different plant spacing was not affected
on height of alfalfa, but there was affected on significantly difference (p<0.05) of percent of remaining
plants and number of shoots per plant. The distant plant spacing was higher of percent of remaining
plants and number of shoots per plant than closely plant spacing. The different plant spacings was
not affected on nutritive values. This study concluded that alfalfa var. Neo-thachiwagaba planted with
row spacing at 10 cm. in conjunction with plant spacing at 5 cm. produced a highest dry matter yield
with CP EE Ash ADF NDF ADL and IVTDMD of 19.87 1.85 10.13 47.66 39.04 9.66 and 72.56 % on DM,
respectively, and also NDFD of 42.59 9% on NDF.
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fdailanlngldsnsuuinasd 4.5-57 Alandudels vlkdsundudeiufinuiuy wmindesy
sranwiniu 0.08 ndu uiliinandntmiinuisgeaauindy 558 Alantusels Tuwnedidadaitanifign
Tngldsnsundasii 0.6-0.7 Alanfusels fhindindeduwinty 0.73 ndu Wnandmmdnuiamiiy
385 fAlanTusials aenndeIiusI8aILved Volenec et al. (1987) WUINANUNUILUUYBITIUIUA UGB
fuftdswasenandnvasdadaiian Tnafuiafiugnuunui 172 dusensamms Tinandatminus
snnILAITiUgnvLILLY 11 22 43 uay 97 Fusem1:1amAs uag Abdelrahmand and Abusuwar
(2012) Menutuiuimandmiminuiwesdadaiianiug Hegazi uay Siiver igrlaglddnsiuda
4 Alansustels Tnandmiwinuiannninfiugnlneldsnsudn 1.6 way 2.4 Alansusiels

AMUIUAUAINGD
O w 2 o v a 9 o v A A

NNHAMIMARRINUIIdailananynsvegUananusaiuieinandamivdnuisaduin 1
(1 2-n) InenandmindnuisanaslunsdiniuinelInssil 3 11NaURAFUIIRNANIINIYALLSS
(houdueau-natay) Fadurrfdnunnegramdn luvasiinsdaiuneinssd 4 waz 5 Tinandn
ﬁmﬁfﬂLLﬁqqqqmLWimﬁuﬁdwﬁﬁqmmﬁﬁﬂ (HouSUAN-NUNIWUT) %aLﬁuamwgﬁmmﬁﬁmmzau
dusunisiasgivlnvesiidaiian nandnuvtinuiesnludi 2 ansafou 5 W1 Wesuiul 1
Faflanmunandwusuiianasmdunuiieanandn (nma 2-9) Tnesudidailarvaaiuifedn 1 8
° v = f & & o & A a aa A o o a f & & a
FIUIUAUARNGD 71 WaSHUR waznduNUNgNaRanUN 2 T91uuduAwrds 9 Wasium (MN5199 4)
IUIUAUNAARINNIIINAUNANTANLVBIRUAINNSIAALIALAILANTIINANY LBRINNUINAUNE
anwarauLIe luundn kagsniii adensiinlsawauwnsaluanilanmnainie Colletotrichum
trifolii Pwuleunluwdasugnaidafiann (Lima et al., 2021) lurauzifgifuaieuaiwazaney (2548)
wesIeNuUiuihtdaian 24 agiug NUgnluiungineUnges Jamdauassvdnn wuinlinig
ANYVBIAUNWAATUINNNILTALALLUAY IASTINWULUDIAUNIDUAUAE TlULALLDALTAEILIAIYA 21N
\Wo Colletotrichum trifolii Wazdnwaglurrimvadesififidenainnisinareues Nematode
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A1519% 4 mamaqazazﬂqﬂﬁumﬂﬁwqﬁ’uﬁﬁ&iaﬁi”lmuﬁummﬁamé’uﬁmﬁmmam%m

Aavnaes UG PMUIUAUALUAD PMUIUAUALUTD
SUNSVAADS waLAURETT 1 wELAUAETT 2
G (WUosigus) (Wosigus)
FENINUOD (1))
10 143 69 8P
15 91 74 9P
20 65 69 9P
25 52 71 11°
Significance - ns *

TENINHU (V1)

5 142 43¢ 10°
10 71 76° g
15 a7 94° 10°
Significance - * *
FEWINUAT XTERINAU - ns *
CV.% - 9.23 12.23
\de - 71 9

newme : duauidsnwsmiulusuifuansindinnuuans1an1eainlagds DMRT AseAuanuitiogdy 95% (p<0.05)
dle * = Ianuwanenaneada  ns = lddanuuandnensada

SvdnaTvesIzETsIRIIkazsEEsenI U lifinase Wesidudvesiuiudunuvdely
U 1 (M1579% 4) IeedlousniinnsananisUadovesssesseninuniuassseeseninedu nuinssey
i = i ¢ 2 ¢ ° v = - oy a = s & &
sevinuniliiinadeiUesiduivesinuiudununie luvusiissoesendneiu 15 wuiuns dlesidud
° v A 1A a N ° v =
Gummmumummaamﬂmmﬂgﬂimwz 5 uag 10 wuaung (p<0.05) LaNINTUITUIUAUAILARD
TN 2 wu1dndnasinvedsrurIEnIlunILAzIEEY ST UliNad oS ud AuAL i oAU
WUsUSIU (599 5) lssanmisanevesnunildlafiamninandaduisesssevan wallanmnain
msiinlsauazuuas Aluesidudvesiuiuiuasndelulin 2 fsroudrsagunalden aanuanis
naaesll wuinlesidudvesdiuiuduannioluln 1 lisudnsnantedeisessvuzign lnesyes
UgnTnfudesidudvesinuiuduasndetssnitssesugnineiu esnnduiiiugninduiinnis
LT LD 19 TULSANBLEIS DT RaE kEIE IS USRS YAULe FatududIigeunedaldaunse
duasnzviwaalaegnaliuse@nsnw wazdsnalillanunsannsetnsaalule (Donald, 1963)
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A15197 5 NAYBIDNENATINVDITLHLTENINMAILAE TLULTLNINAUADINUIUAUAWAT DNAAULAE
NananUN 2 (WUasidud)

FEWINDD (T.) FEWINIAU (3l.)
5 10 15
10 12° 7¢ 59
15 12 7b™ 9%
20 6 9Pe 11°
25 10% 8o 12°

e : Miaundsnysiiululunuanlanuuandmaddlagds DMRT Aseduanuigeiu 95% (p<0.05)

A2NAELATIUIULDAADAY

sovUgniiunnsnafuliifinasonnugeosuiadailanh (11319 6) nan1mmaesiifululéin
thdailavhfiugnluszezdnfuliilifinsustuiudadgaiedmuas Suilisudanynszezugndl
argslaiunnineiu wenaniddatiavhaneiugilonianniuiienugeussina 79 wuRuing 33
arugslndifsstuiiugnlutssmadiuussaia 83 wufwns (NLBC, 2017) datu dadadlaviany
ﬂ’uﬁjﬁﬁqm%ﬁmmqqLﬁm?iLLé’amma‘”ﬂwmsmqﬁuqﬂism KaN1NARBIEADnAZDITU Abdelrahmand
and Abusuwar (2012) ﬁwudﬁaé’aﬂaﬂwﬁﬂqﬂimai%’é’m%uﬁm 1.6 2.4 3.2 Uag 4.0 Alansusals v
Tﬁﬁuﬁ’;ﬁmmqq 53 54 52 Lag 51 [WulUns muainy %Qﬁﬂ’ﬂmgﬂiﬂumﬂﬁhﬂﬁu TuwaleTENuYes
Abasov et al. (2019) ndunuidnsudnfiuandisiurinliisaflarfiniugaunnsiistu laod
aflarhitugnlaelddnsudn 0.6 Alansudels Tauge 87 wudung degenindrsailavifivgnlne
T¥ons1udn 0.3 Alansusels %ﬂﬁmmqq 83 LYUALLAT

DVBNATINVDITTETEMID AT ST urSEIAUlidinaned I uLensany waladuvasssey
seiananadadevessresseninsduiinadesuiugeadedy (M5l 6) Wudwﬁaé’aﬁamﬁﬂ@ﬂlu
TYYLILUINUA 20 LYURLUAT ﬁﬁi’m’gusamﬁiaé’ummﬂdﬂﬁﬂqﬂiuizaziwdwLLm 10 LUALLAT
(p<0.05) Lwihil,mﬂ@iwﬁ’uﬁﬂqﬂiuswsiwdmLLm 15 Uy 25 LUALLAT Tu%mzﬁﬁaé’aﬂamﬁﬂqﬂ
TusgagsenInedu 10 WURUAS ﬁﬁi’wmuaamm'aéfumﬂﬂ’i’]ﬁﬂ@ﬂiuiwzizijﬁu 5 [URLUAT WA
liuwnnsnafuiiugnlussegsewingiu 15 wufues 9nman1snaesil wuiiszesUgnvinsiufisiuy
gonrafuNINNIIszezUgnIadu esainddaflaviiiugnluszezvinsfuililuldfuuasdmsiu
AszUIUAIsdLATIsRLadldegfuil dealiflansemsazaulifiusiaai (crown) luuSuiauin
diolddmsunisuansanlng 1uﬁumz1'7if1"aé’aﬁa1/\hﬁ7iﬂgﬂluiwz%mﬁ’uﬁmamﬁmm Favilaluly
ausadanszinaslnogeiussdnsnndwnalisuiugen AoAuanas AIs189UVee Fan et al.
(2020) ﬁwudﬁmiﬂ@jﬂﬁ’aé’aﬁaWwéwﬁuﬁ%mﬁm%uéamalﬁﬁwmuaamm'aG’Tuamm esnniinnsudady
fuuavaasdmsunsasydula luiusafeafufiudl Volenec et al. (1987) s1e91uinsuiugen
Aosuvosdadailaranadunlasfidsuiudunuuiy Tnedadaflanfidsuiudu 11 22 43 97 way
172 AURBAITINUAT HUINLBARBAUUTEUIM 22 19 13 9 uag 7 YanRDsl AUaIRU



M1319% 6 KavesTEEzUgniiuanssiunsienuauariugensanuvedailarh

Aanaes ALE (LTURLIAS) IUIUYBARDA
Ui 1 Ui 2 Bo Ui 1 Ui 2 Wit
FENINUOD (F.)
10 81 77 79 15° 19 17°
15 82 76 79 16°° 19 17%
20 82 76 79 17° 20 18°
25 81 77 79 160 19 18
Significance ns ns ns * ns *

EUINIAU (P,

5 82 77 79 15° 19° 17°

10 81 76 79 16° 20° 18°

15 82 76 79 16° 19% 18%
Significance ns ns ns * ns *
FERINDT XTEWINAY ns ns ns ns ns ns

C.V.% 1.92 4.01 2.43 4.32 4.12 4.00

nnewme : duauidsnwsmiulusuifuansinfinnuuane1aneaialagds DMRT NseAuanuitiody 95% (p<0.05)
Wie * = danuuanameada  ns = liinnuwansvneata

aeAUsTnauMNLALl

szozUgniumnesiulsifinasessduszneumaniivesinsailar (ms1sil 7) wuirdrdadlavh
fiA1 DM Wiy 22.71 Wosidusd CP windu 19.87 wesidus EE windu 1.85 wWesidud Ash wirdu
10.13 1Wasidus NDF iy 47.66 1Wasidus ADF windu 39.04 1Wesidus waz ADL Wiy 9.66
Wosidud mnuanmsnasesildululihddailaniivgnlussesdasulilifinsuteiutuagraduty
Wieugasmomnslududmiunsiaiqiula wasidesandniiuifsmananiiengnisugnivinfudei

TvdrdafandesrUsenauniwail lluane19iu Nan1snaasluasitaonAdnInusI89INuUYD Y

' '
v

Droushiotis (1980) inuinnisl¥snsudnfiuanssfulailidamased DM uag CP iiladiadud
sreenanUIU 10 Wesidud da1 DM Wiy 21.90-22.30 wWesidud waz CP WAy 25.40 1Wesidud
Stanisavijevic et al. (2008) S1891uIIAIIMUILLTB s lsidHatenmAmlavurvesiisailan
deugnlaglidnsiudn 2.4 uay 1.4 Alandusiels T CP wirfu 19.40 Wesidud EE wirfu 4.24
Wodldud uay Ash Wiy 8.60 Wesidud uaz Berti and Samarappuli (2018) 31831u3d AN
Ugnlaglddnsnudn 1.6 3.1 6.3 9.4 12,5 uag 15.6 Alansusiels desduseneunaaiildunnsneiu

TogludusnueanisdafuiienanannssezaanuIu 10-25 Wosidud wuaden CP winAv 24.10-25.10



Wosdud ADF iU 28.30-29.00 LUastdud NDF i1Au 31.70-32.90 wWosidud way Ash vinfu
13.1-14.4 WosiFus

M13199 7 wavessvezUgniuansnsiunilsessdusznaumaaiivesiidailariieny 45 Tu

Amnaed DM CP EE Ash  NDF  ADF  ADL
% < %DM >
FENINLAT (B.)
10 2258 19.71 1.88 10.05 4785 39.94 9.75
15 22.57 1998 1.78 10.18 48.04  39.10 9.46
20 2275 19.80 1.90 10.07 46.72 37.86 9.78
25 2292 1998 1.84 10.21 4747  39.26 9.64
Significance ns ns ns ns ns ns ns
PP (93.)
5 2271 19.80 1.83 10.00 4757 38.86 9.53
10 2272 1986 1.85 10.22 48.11  39.40 9.76
15 22.69 1994 1.86 10.16 47.88 38.84 9.68
Significance ns ns ns ns ns ns ns
FTWINUOT X TENINAU ns ns ns ns ns ns ns
CV.% 2.34 2.88 9.57 4.59 2.33 3.61 6.39
ﬂ"n,a?s 2271 1987 1.85 10.13 4766  39.04 9.66

MEe : WIBUBUANULANANYNERRLAEIT DMRT NIseaual1sidiediy 95% (p<0.05)
o ns = luflanuuanssiuniseda

o v A

ogmsdaluiiafeiidfyiidmaronnnimuesidailar fasosmves Atis et al. (2019) 7
nuegmIRaRuanAaiudssarinlian CP NDF uay ADF uansinefiu Tneifledinifuiieinanannaen
spoy 3 U 9919 20 30 uag 45 Ju A1 CP Ay 21.2 19.80 waz 18.20 Wasldus A1 NDF 11y
37.00 42.10 waz 45.40 Wosdus uaza1 ADF Wiy 24.80 26.90 waz 29.20 1Wastdud auasuy

wag Xu et al. (2021) srenuuiuinun nvesIdailavilildtuedfudnsudaildunviuegiv

&l

91gn13n lneledniuiieinandniiany 28 wag 35 Ju wuindal CP Wiy 17.50 waz 16.90

I & 1 < & ! 6§ @

Wasidud A1 NDF winiu 36.4 uaz 39.3 WosiGus uazA1 ADF 11iu 45.3 wag 49.8 Wafidud
AINEIAU NraIeIunaaesIziiuladnIsinddailanfienaiinduvinlilian NDF uag ADF iy

gty Wesnddallanhdnisavauansningg anelutuntagadiieaisnnuwdwssliiudfuiagy

Wi waglad weliwaglad andu Wudu lunuedal CP JAanas eanndadailanifengiintud

o

mduveslusesufianawilien cP danulgunnluluivsinaanas (Atis et al., 2019)



A sdaalaasavasinguiis uazAnsteslivaniiuas

szazUgniiunnanafulifinaseAinisgosldvesidaiiant (15197 8) wuirdrdadlavingien
n1sgeuliasewesinguins (VTDMD) Wi 72.56 wWesidud uwazAnisdesldvasniagad (NDFD)
Wiy 42.59 Weddud nan1svnassiiaenndesiy Berti and Samarappuli (2018) Anu3nda
Faflavfiugnlnglddnudaiunnineiuldlidsuasiornisdeslsvesiusad Tnsludusnvesnns

FaLAUINgINaNENNTEzADNUIY 10-25 LWasidud wuIidla1 NDFD ftAs1vieneds near-infrared

spectroscopy (NIR) iU 38.71 1Uesidun

A13199 8 wavessvEsUgniwansaiuniisenisgeslavesidailarhiieny 45 fu
dmaaeg IVTDMD NDFD
(Wosldurvaainguiia) (Wosidusivas NDF)

YR (3.

10 73.06 42.82
15 72.23 a1.74
20 73.16 42.28
25 71.79 42.64
Significance ns ns

SEWINIAU (T

5 72.68 42.67

10 72.47 43.48

15 72.54 42.49
Significance ns ns
FLWINUAT X TEUINAY ns ns
CV.% 2.68 5.27

Aade 72.56 42.59

MELe : WIBUBUANULANANNERRIAEIT DMRT NIszaua1uidiediy 95% (p<0.05)
o ns = luflanuuanssiuniseada

nifaaduosirensnsdnidauddyedsdwonisiuldvesdniiienses mndnsdesls
vosuawadiagrlisnsmsluavesenslumafuomstnas ewnsazaseglunssmeviinuuiy
yiliUTnansAuevsvesdniansias (aae, 2549) 91N51891UYDS Mertens (2002) ddailarin
A MRAAL5TIA1 NDFD Taidnin 46.90 wosidust usnanimaaesluadsiinuindadadtanniien NDFD
Wity 42,59 Wesiud Sseglunaminuaimmeld Aduuiinseddailandnisasaudniuly

USuauge Wiy 9.66 Wesidud (115199 8) lnedntiuenaazidnludnvinenisviteuvesgdunidly
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nszzuiin  (Moore and Jung, 2001) 3svilitanniseeslavesidailanianas donndesiusiedu

'
o v Y

Y84 Volenec et al. (1987) Inunawuvesidaflaviiasaudniuluviunuasdmaliainisgesla

vosinguitsanas Inedadailaniifidn ADL iy 12.60 waz 13.50 Wesiud fle1 IVTDMD winfu
62.00 Lag 58.10 Wasidus auaau

Inwan1saaaslupsiinudn Aesddszneumaeiinazansdosldvesdsailarfigafiv
Remandniiony 45 Fu envasdilivanzanlusununiw Wesnngndneglunasinuniwmeld Tne
frdaflanfiogluinaeinuaindalsiar CP iy 21.00-25.40 Wesidud EE windy 2.40-2.70
Wosiud Ash winfu 9.10-10.40 wWasi@us NDF winiu 30.00-42.20 wWesidud ADF winiu 24.00-
33.00 Wesidud way ADL AU 4.53-7.08 Wasidus (Martin, 2007) wazila1 NDFD windu 46.9
wWesi@udvaa NDF (Mertens, 2002)

dyUunan1Imaasg

aa a

Nan1sAnuNsEEzUgniiddenandnuazauavndavuzvesidaflavhaesiugilondiniu
wuimsUgnidailanfiszerseninannl 10 wuluns mduszerseinedu 5 lwuRiuns Winandn
dhviinufagegaluliusnvesniamizugn uasiinandnimiinuisanasluld 2 :inmsanasossiuu
Fuilanmmanlsauazuaas szezugniluansnafulifinaseniugwesfudidadian wisnase
Wedldudsuasvdonazduiugendedu deidailannivgnluszezugninafuiivesiduddunande
uazsnnusensesunnniugnlusresdniu uassvezUgniuandsiulifinadessduseneumandl
uazANsgeslfvesidatiarusietndla

VDLEUDLUY

nsUgnidarlanaeiugilon@inniuliaunsaduduliiiufemandaliuumaied aas
= o Ao A Y o w A & . cr e
finsdanisudasiiniiedesiunazidalsanauunsaluanianmvnainiae Colletotrichum trifolii
agaanane lnannnusuidulsalddrluiateds linrsugnaadaflavluiiuiduvienin
Indudoslgnluiuiduesinfivmyuisuriinduuugnitednisasisa neulgnuuzdilinudiee
Flnslamesin wiomnnumsszungulsasnusastasiuasidnlsafinduszey

AnfAnssuUsENIA

ANEEITEYDVDUAN AUGITBUATTRUIIMNTHRTUATIYEN LazAUEITouAs HLINATTIY
p1sdn A ndosiiliaueynsdaniuiiulamaasuagiosu foanaslunisdnfiuauide
YounMANENTIINM I TAtniauemsdaifliduinuaunanudiiagaisined uaganvine
yoveunudinuALTIINIALaTIAMeImans Ideuaruinngsy (@nad.) fatuayusuuszinm
dnfumiaeluaded



1ANE1591989
nIUNMUAY. 2557, gaRuUIntes. dnwarLaraudivesyadunanluniangueeniduanie.
WAaINNI: https://www.ldd.go.th/thaisoils museum, Juil 9 1N31AL 2566

gAY, 2566, MIuUanar iATIEiRL. diledlasziAumaniiiieyssiiunugauasysal
Yo, nilsdedianvselind WosayansuWauiiay. unaanu: http:/e-library.ldd.go.th
Nibrary/flip/bib10134f/bib10134f.htm #p=50, Jufl 9 UN31AL 2566

nsuanfieuIngl. 2565, ToyauIuIuUINy gunll wazANTUFNTIMG At w.a. 2547-J2qdu.
nguaLINANEAT (U1NTe) anuin : aeluuiungudidetalnadiiiusid dua
naens uneunded Jardauasivdun.

21euad lHuAy AAsS BuuAs NUA1 wIANdl wazARNS AUINIYAR. 2548, HanEn d@duUsENOUNIY
= (% 4 o o v 6 dy A o ! (% [
iniluagdnwaznimgnumanivesdidailani 24 aeiuganluiuiidnneuindes famin
UATIIVELN, Y. 60-76. Tu 51891UKaNUITeUTEIT W.A. 2548, Nos1dRT nsudadn
NIENTINNUATUALANNTOL, NTANNA.

28049 17310103, 2549. IMTULALNITIANTITIRIITIALY, W. 171-222. Tu Ussyaivinislauuises
geamnssulaudlnedunisudsiuluswanuwaznisusuiiveunuynsng, 21-22 dmnau 2549.
YDULAUNUN, VOULAY.

o

Wyt udlnad. 2511, MnaasalIsuiiisunandnodailani, w. 27-28. lu s1891uRaULaZNNT
e W.A. 2501-2519. an1domsdniuinges nesemnsdnd nsudadn.

£a

AUGITULAEINAUIDIMNTARTENTINUS. 2558. Mdailavh (Alfalfa) Medicago sativa. Tu WWamasuaz
WA UAUU ST AU TN ULEAIANANIUTIA UM SER Id S UDUIAR “Alfalfa Day” Tu#l
21 N3NgIAN 2561

Abasov, M.S., S.M. Abasov, H.A. Husainov, 1.Y. Shishkhaev, and R.K. Bekbulatov. 2019. Effect of
seeding methods on productivity of alfalfa crops. International scientific and practical

conference “AgroSMART-Smart solutions for agriculture”, KnE Life Sciences, 842-850.

Abdelrahman, E.M. and A.O. Abusuwar. 2012. Effect of seedling rate on growth and yield of two

alfalfa (Medlicago sativa L.) cultivars. International journal of Sudan research, 2 (2): 141-154.

ANKOM Technology. 2017. In vitro true digestibility using the DAISY Il incubator. Available
source: https://www.ankom.com/sites/default/files/documentfiles/Method 3 Invitro
D200_D200l.pdf. 2022, October 25, 2022.



AOAC. 2016. Official Methods of Analysis. Association of Official Analysis Chemist, Inc.
Washington, D.C., USA.

Atis, 1., N. Celiktas, E. Can, and S.Turkey. 2019. The effects of cutting intervals and seedling
rates on forage yield and quality of alfalfa. Turkish Journal of field crops, 24(1): 12-20.

Berti, M.T. and D. Samarappuli. 2018. How does sowing rate affect plant and stem density, forage

yield, and nutritive value in glyphosate-tolerant alfalfa? Agronomy journal, 8: 1-12.

Bohle, M. and R. Simmons. 2007. Seeding rate effect on four-cut alfalfa forage production.
Central Oregon agricultural research center 2006 annual report, 1973. Available
source: https://agsci.oregonstate.edu/sites/agscid 7/files/coarec/publications/06 4 cut

alfalfa_seeding rate.pdf. January 5, 2023.

Brough, R.C., L.R. Robison, and R.H. Jackson. 1977. The historical diffusion of alfalfa’. Journal

of agronomic education, 13-19.

Clements, R.J. 1992. Medicago sativa L. In: ‘t Mannetje, L. and jones, R.M. (Editors). Forage.
plant resources of South-East Asia, 4: 163-164.

Donald, C.M. 1963. Competition among crop and pasture plants. Advance in agronomy, 15: 1-118.

Droushiotis, D. 1980. Effect of seed rate and method of sowing on vyield of irrigated lucerne.

Agricultural research institute, ministry of agriculture and natural resources, 1-12.

Fan, Y., B. Li, X. Dai, L. Ma, X. Tai, Z. Yang, and X. Zhang. 2020. Optimizing cropping systems of
cultivated pasture in the Mountain-Basin systems in Northwest China. Applied

sciences, 10: 1-16.

Ford, C.W., .M. Morrison, and J.R. Wilson. 1979. Temperature effects on lignin, hemicellulose
and cellulose in tropical and temperate grasses. Australian journal of agricultural
research, 30: 621-633.

ISO. 2009. International Standard (ISO 5983-2: 2009). 2" Edition. Animal feeding stuffs-
Determination of nitrogen content and calculation of crude protein content-Part 2:
Block digestion and steam distillation method. International Standard Organization,

Geneva.



ISO. 2015. International Standard (ISO 11085: 2015(E)). Cereals, cereals-based products and animal
feeding stuffs — Determination of crude fat and total fat content by the Randall extraction

method. International Organization for Standardization. All rights reserved. Geneva.

Lima, N.B., C. Conforto, D.L. Serri, E. Javier, C. Mancilla, S. Stenglein, and S. Vargas-Gil. 2021.
Anthracnose on alfalfa caused by Colletotrichum americae-borealis in Cordoba
province, Argentina. Available source: https://www.sciencedirect.com/science/article
/abs/pii/S0261219421002027#preview-section-abstract. January 10, 2023.

Ludlow, MM. and D.A. Charles-Edwards. 1980. Analysis of the regrowth of a tropical
grass/legume sward subjected to different frequencies and intensities of defoliation.

Australian journal of agricultural research, 31(4): 673-692.

Martin, N.P. 2007. Alfalfa: Forage crop of the future. Available source: https://uknowledge.uky.
edu/cgi/viewcontent.cgi?article=1072&context=ky alfalfa, January 30, 2023.

McConnell, D. and L. Genever L. 2014. Growing and feeding Lucerne. Agriculture and Horticulture
Development Board (AHDB), UK, 1-18. Available source: https://media.ahdb.org.uk/media
/Default/Imported%20Publication%20Docs/Growing%20and%20feeding%20lucerne.pdf

Mertens, D.R. 2002. Nutritional implications of fiber and carbohydrate characteristics of corn

silage and alfalfa hay. California Animal Nutrition Conference, 94-107.

Moore, KJ. and H.J.G. Jung. 2001. Lignin and fiber digestion. Journal of range management, 54
(4): 420-430.

Muttoni, G., N. Palacios-Rojas, L. Galicia, A. Rosales, K.V. Pixley, and N. de Leon. 2013. Cell wall
composition and biomass digestibility diversity in Mexican maize (Zea mays L)
landraces and CIMMYT inbred lines. Available source: https://journals-
crea.dscience.it/index.php/ maydica/article/view/893. January 10, 2023.

NLBC. 20 1 7. Technique of cultivation, harvesting and silage production of alfalfa. The
presentation of Mr. Yoshiro Tozawa. Iwate station of National Livestock Breeding
Center (NLBQ), Japan.

Ross, H. and R. Colin. 2001. Fertilizer requirements of irrigated alfalfa. Available source:
https://open.alberta.ca/dataset/d9df3070-58bf-43d2-9b6299c11dcf6f33/resource/73b3
fc9c-e5c2-4992-b638-69a577e3b380/download/2001-561-18.pdf. January 30, 2023.



Stanisvljevic, R., Z. Tomic, Z. Lugic, J. Milenkovic, and D. Dokic. 2008. Yield and nutritive value
of alfalfa cultivars sown at different densities. Biotechnology in animal husbandry, 24
(3-4): 147-156.

Stanisavljevic, R., D. Bekovic, D. Djukic, V. Stevovic, D. Terzic, J. Milenkovic, and D. Djokic. 2012.
Influence of plant density on yield components, yield and quality of seed and forage

yields of alfalfa varieties. Romanian agricultural research, 29: 245-254.

Volenec, JJ., JH. Cherney, and KD. Johnson. 1987. Yield and components, plant morphology,
and forage quality of alfalfa as influenced by plant population. Crop science, 27: 321-326.

Xu, X., D. Min, and I. McDonald. 2021. Effects of harvest intervals and seeding rates on dry
matter yield and nutritive value of alfalfa cultivars. Journal of animal science and
technology, 63(5): 1098-1113.



