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ABSTRACT: Cassava leaves are categorized as high-protein herbage, and it is interesting as feed for animal. This
study aimed to determine the effect of cultivar, top cutting height, and harvest interval on forage yield, leaf silage
quality, and fresh tuber yield components of cassava. The experiment was arranged by using a split- split plot in a
randomized complete block design with 4 replications. Two cassava cultivars (CC) were in the main plot, including
Kasetsart 50 and Rayong 72. The sub plot has two top cutting heights (TCH), including 30 and 50 cm above the
ground. Four top harvest intervals (THI) were sub-sub plotted, including 3-, 4-, and 6-month harvest intervals, and
only harvested at 12 months after planting (MAP) (a control treatment). A tuber yield was harvested at 12 MAP. This
experiment was conducted in Kamphang Saen district, Nakhon Pathom province, during May 2015 and June 2016.
The results showed that CC and TCH did not affect the yield and quality of leaf silage as well as tuber yield
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components. In contrast, THI affected canopy height, dry matter (DM) yields of stem, petiole, leaf blade, and fresh
tuber yield, but not tuber number or starch content. Increasing THI from a 3-month interval to 12 MAP decreased
leaf blade DM from 426.5 to 24.2 kg/rai/year, but increased tuber yield from 1,046.7 to 1,710.2 kg/rai. However, CC,
TCH, and THI did not affect neutral detergent fiber and acid detergent fiber contents, whereas the acid detergent
lignin, ash, and crude protein contents of leaf silage obviously decreased with increasing THI. As a result, this study
suggests that a 6-month harvest interval resulted in higher yield and protein content of leaf silage than a single
harvest at 12 MAP (a normal practice), but had no effect on tuber yield components or starch content.

Keywords: cassava leaf silage; harvest frequency; high-protein forage; leaf fodder
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Table 1 Soil property analysis in the 0 - 20 cm soil layer before cassava planting at Nakhon Pathom Land

Development Station, Kamphang Saen district, Nakhon Pathom province during 2015 and 2016

Parameter Value Remark
Texture Clay

Sand (%) 24.7

Silt (%) 35.3

Clay (%) 40.1
pH (Soil:H,0 ; 1:1) 6.70 Middle
EC, (dS/m) 0.87 Not salty
Organic matter (%) 3.16 Rather high
Available P (mg/kg) 302.9 Very high
Exchangeable K (mg/kg) 3355 Very high
Exchangeable Ca (mg/kg) 3,412.9 High
Exchangeable Mg (mg/kg) 736.9 High

Lime requirement (kg CaCO4/rai) - -
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assimilates) 170 (Juds, 2534; Bamnes et al, 2003) wisfinsansenuazlusadunisanusunamesemsdunsizy ivded
nsnovauadlsmandeuiisomsduaneilugdmveiefoniauazsenlmivudduiielfdmiunnasyiulniug
ndsangnitaluoenly (Munyahali et al, 2017) Fswamsfnwiiiaenadesitu Khang et al. (2005) fis1891ui nisialuii
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Table 2 F-value for plant height, dry matter yield, tuber number, tuber yield and starch content of cassava with
different cultivars, cutting heights and harvest times at Kamphang Saen district, Nakhon Pathom province

during 2015 and 2016

SOV df Plant Dry matter yield (kg/rai/year) Tuber Tuber  Starch
height number yield content
(cm) Stem Petiole Leaf blade Total (tuber/rai)  (kg/rai) (%)
Cultivar (Q) 1 030 0.79 0.48 0.29 0.60 0.06 0.71 0.47
Cutting height (H) 1 3.23 1.43*  0.62 0.28 0.76 0.86 0.22 0.0001
Harvest time (T) 3 105.45%  6.99% 4278 51.39** 38.15**  0.32 2.76* 2.26
CxH 1 0.00 0.25 1.34 1.29 0.35 3.61 3.55 0.31
CxT 3 187 0.49 0.77 0.54 0.43 0.68 0.63 0.43
HxT 3 333 0.72 1.67 1.66 1.53 1.05 221 0.68
CxHxT 3 056 2.58 278 2.30 259 0.08 0.58 0.08

** Significant at p < 0.01, * Significant at p < 0.05
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szezhan ((Fesunsananud) lunsdnenannynszey 3 Woudsseoy 12 WWeu (szeztfiuifenisiv) lumanssiudia
nsgnszeIaluNinganaINNsEes 3 haueenlud 12 e fnavilvanansiuandiuduain 1,046.7 Wy 1,710.2
an./ls usdninavesssuzinatlunisiiuissenluiinavih s uiuiuasUSnandsuisiudUsud wanenetu 3
ALRAY 6,203.7 - 6,925.9 $%2/19 way 12.4 - 15.3% mud ey (Table 2 and 3) yonanil Figure 2 uanslilfiudniauii nns
fisondaaruiinn 3 Weu (@ a$y/A) wasyn 4 o (3 afeD) Budlidndunsavaudminufweausulunagfuluun
(16.2 - 22.3% wa 5.8 - 8.0% vosminTIn ML) widnavilwdndrunisazauiminiasudn (56.4 - 62.8% vos
dhwitingam) ffouninsingensenudvn 6 1ieu gelvnsavauiminuesitituan 75.7% vesiwiingu lumedinng
avauhuinnsuanvesasiiinisinsenafaismdeniunisiiuienandniisiuandisses 12 Weou fdndunisazan

Pryininduaniudune 88.8% vastnvuns iy
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Table 3 Mean of plant height, dry matter yield, tuber number, tuber yield and starch content of cassava different

cultivars, cutting heights and harvest times at Kamphang Saen district, Nakhon Pathom province during 2015

and 2016
Parameter Plant height  Dry matter yield (kg/rai/year) Tuber Tuber Starch
(cm) number yield content

Stem Petiole Leaf blade Total (tuber/rai)  (kg/rai) (%)

Cultivar”

KU 50 95.1 204.6 84.1 210.0 464.1 6,407.4 992.8 14.1

R72 107.3 293.8 98.3 244.0 578.9 6,805.6 1,708.9 12.3

F-test ns ns ns ns ns ns ns ns

Cutting height™

30 cm 96.8 288.6a" 95.1 233.7 5474 6,870.4 1,406.8 13.2

50 cm 105.6 2098b 873 2204 495.6 6,342.6 1,294.9 13.2

F-test ns x> ns ns ns ns ns ns

Harvest time”

3-m interval 63.4 c 337.6 a 1110 a 426.5 a 875.1a 6,203.7 1,046.7 b 12.4

4-m interval 779b 2184 b 1338 a 270.6 b 4879b  6,537.0 1,052.6 b 15.3

6-m interval 88.3 b 2129 b 1120 a 186.8 ¢ 511.7b 6,9259 1,594.1 a 12.5

12 MAP 175.1 a 1793 b 79b 24.2 d 2114 c  6,759.3 1,710.2 a 12.5

F-test > > > > > ns > ns

** Significant at p < 0.01, * Significant at p < 0.05, ns = Non-significant

Y Means within a column under each factor followed by a same letter are not significantly difference at the 5% level by Least significant
difference (LSD).

? Cultivar: KU 50 = Kasetsart 50, R 72 = Rayong 72

¥ Cutting height: 30 cm and 50 cm above the ground

“ Harvest time: 3-, 4-, and 6-m interval = 3-month interval, 4-month interval, and 6-month interval, 12 MAP = 12 months after planting
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Figure 1 Mean plant height of cassava affected with two different cutting heights (30 and 50 cm above the ground)
and four different harvest times (3-, 4-, and 6-month intervals, and at 12 months after planting; MAP). Data
are averaged from two cultivars (Kasetsart 50 and Rayong 72) at Kamphang Saen district, Nakhon Pathom

province during 2015 and 2016. Error bars are standard errors of mean (SEM)
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Figure 2 Demographics of stem, petiole, leaf blade, and tuber dry matter accumulation for cassava as influenced
by four different harvest times (3-, 4-, and 6-month intervals, and at 12 months after planting; MAP). Data
are averaged over two cultivars (Kasetsart 50 and Rayong 72) at Kamphang Saen district, Nakhon Pathom

province during 2015 and 2016
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Munyahali et al. (2017) 1891131 Msgaszezgmsiiuifelududesndaannyn 2 d&Uawi Wunn 4 danii vilbiaaugs
nduugUInaesEIAY wasnandntvinanvesdifuiindu usszasnisiiuiedlulifinavilinandaiiiuanas

WesnnUsunaluiigndneenluiiduiutes (fn 3 ludenss)

v U ° v A

ae19lsAnu nNan1sANEITUlATALILIN STeEnSAngaaratanse (MSesnd) Auludiuzndaliniswaunlulny

P v
' o 1 °

Fuanleiduduiuann welunensetutnuvinlinandnisiuanad FaunNNanIsANYIHRIT AL dadrunisazautinmin

v oo @

vioUinansindeuievesemsdanszilugaindue maqﬁuﬁﬂﬂzwﬁqﬁuae_jﬁ’wma{]a%’aﬁﬁﬁm Loun szpgnsiamnves
fudgnds armdvesnisfuie wasUSinuseniigndneenludeumaiiuifsaiasiudiusnds uenaind fug way
szeznamiuiisisenlifidvinadeusinaudduisiudisnds Feilrads 12.4 - 15.3% YosninTunautsluiiu
Tnoyadsaniuimunsiudendausisusemelne (2543) Je51891u91 Wus KU 50 uazwus R 72 TiuFunaudslusiiiy

Wiy 25.0 uaz 20.0% aud1du luanmnisugnuuuundilidnisfiuifesseauazluiu nansfnwideraulunaniain
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dvswasiuvesanmuindenluiiuiiugn ddasunfudiafuiivnzaudmiumsgnifudsvdsmadufusudniinsss e
1hit (audnual, 2551) winnvesudasgnlunsinuideutraduiefumien (Table 1)

Aunnaslududmugndmin (Usenoumeuiuluuagiulu) wuin Yuna NDF way ADF vedlusiuniinliineuauas
HoAILANANIYBIILE ANNGIULATSEETANMSAngen aildiade 25.77 - 26.70% WAy 18.47 - 19.91% fudsy (Table
4 and 5) luvazAnudfduiussamszrindvnavesiusiuszeznatlunaiuifnisen (C x T) fnadeuiunas ADL vasly
Sumsiniildnanisaneniisessdiuusuna ADL veslusiundnueniussninsaesiiasesangnn 3 Figure 3 LAAINAUDY
Ufduiussanues C x T et lidiudn Usunas ADL veslusfudugndaniinius R 72 Suuilduanasain 9.9 18u 5.8% mu

szeznaNAuNeiNTWINYN 3 Weouds 12 Weu (rrwdlunisifiuistsenanas) luvasiilulfudUzndminiug KU 50

'
a

MAUAEIN 3, 4 way 6 o JUSuna ADL Tndifisaiy wde 7.8 - 8.8% waziivunuanasiledaszeziiuifuivonaanluii
7 12 WWeu (sveviiuineawngiu) SUsinumdy 6.2% anuansaneriianunsaesuiglain sveznsiasuydulawasiauinis

vowludsnds 1szey 3 - 6 Weundwen Wusrszmaadyiulaasiaundiuvesddunarlufiunnniu udileidng
Yeszey 300-360 Tundnen lunnvesiudusndsdinisgaiianiiy (Alves, 2002) mdeuslusouifiousionun (Figure 2)
Tnetaly Andugmmuludruvesiiusaduasnguiioidediifius (conducting tissue) vosiis Tnslamznguvierh (xylem) uag
wusndulugruiedounvesdduuaziuluiy (Gad, 2559; Taiz and Zeiger, 2006) Faluduiiiilnvuzidoslduas
Usanailusiiush ey lusudendsiiony 12 ifou fimdosgdlnyfdnduesinludes Soilimmadniuiuuilis
anas dlowssuiisuifieutussesdug

srezatlunsfuiesenidnsnadeUsinaniveslufuduzvdmin TagnsBaszeznailunisifuieisenann
szezn 3 Weuds 12 e Inavilivsunaudveduiundnasandniesain 9.5 10u 8.8% waug wazaruglunisdn
gonlsifinadouTuand @Glanade 9.1 - 9.2%) voslusiunin (Table 4 and 5) Tuvuefiiug uazszozalunmaiAuiien
goniidvswareUiinalusiuneruredlutundn udegslsfin esnnuufduiussmesssning 2 ade Cx T uay 3

'
Aaa a '

U338 C x H x T Nildnsnaseusunalusiunenu (Table 4) Ismenuuinalusiunervueniuniuszauainugdlunisdn
Fauansly Figure 4 Fsdlifiuin Ysunalusiunenuredutumindiuualiuanasmussoznaiunsiiuieiseniiuduly
Shsflunnanefussariaiudiendas 2 fiug Fudloiiuszernailunisingenannszeynn 3 Wou 1 12 ey fiseduau
a4 30 gw. anduiy liusinalusiunetureslutudendasiniug KU 50 anasan 12.9 wde 9.5% sndilusfu
dsvdavsinitus R 72 Feanasain 13.4 wde 12.0% uasiledanendisesy 50 gu. nfiuiu vlfusinalusiunenuves
Tusfudndendaminifug KU 50 anasan 13.4 wiie 10.1% sndwiug R 72 idindes Svanasain 13.9 wie 10.8% visilena
iesanmsdngenvieiiuifedluiiudsvddludisiifiongies vilildnandnluiidigoumnnindudwendsiifiongun 3
TufiwfiAntulmivielusoutnazivsinalusiuenunnnitluiidergannniwieluud fafu ilefivdiszesmaadyiiuln
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S

al. (2012) #is1991u31 Msifiuanuansialutud ety (svovnanlumsdnduas) 90 1 ade By 2 uas 3 AeA
Wlusinalusaumeululudfisiy (#r10glugiesendng 18.5 - 18.6%, 19.4 - 19.8% uar 19.4 - 20.8% anuaeiu) walsidl
ArauanasiusErugTudUsnds egnslsfionu wansdnuiuandnsinnisfinwes Khang et al. (2005) fisteeuii
izﬁlzLamLﬁ‘uLﬁ&Jﬂ,ULLazmmgwaqma@T@‘LUﬁué’wﬂwé’aﬁwaﬁaﬂ%mm NDF, ADF wazlusAumenuuadly waluvinlwusune
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ogslsfiny man1sdnwrinuinvsinadusiunenululutudzndsiidunsruiumsvdnddwadsaeudne @
Ads 10.72 - 13.44%) i owTouifisuiunisdnuidug dedieogluraesening 17.7 - 22.2% (Khang et al., 2005;
Phengvilaysouk and Wanapat, 2008; Hue et al., 2012) VfaﬁmfﬂLﬁ'mmﬂiuﬁ'%ﬁ'ﬁﬂ%‘u'lmiﬂiﬁwmuqm%'aﬁﬂ%mm
aslulaiesaiiazanenild (water soluble carbohydrate) #1 1w fivaszgadauarlusiudUsndainglenufumunsanas
¥84A1 pH (buffering capacity) g4 Lilasainnsnesfiluluiiviinrmannsafunmunsinnsnszrinamasin Duaungls
Wnnsgapdelulasian ((UsAu) 31nnTeUIUNIT proteolysis wazdsudufsuenluils (NH,) Wndy uenand lu
ﬂizmumiwﬂﬂﬁmma"lﬁﬁﬂﬁlﬁmﬁuﬁ'&j (clostridial waz enterobacterial) fidawasonsiinnsauwaznauiildflufivnin
(Jasaitis et al,, 1987; Kaiser and Piltz, 2002; Barnes et al, 2007) fatu nsliUselordvaslutudendufioduoims
wsulUsRudmiudssdnd orungdmiunsTlusuedusudunielutuuia (cassava hay) Ssaglimanmmslnrug
Tnsamzdiinalusiuneulfganiluiudsvdain uasnanisfnwiuandiidiudaoui Usinandels NDF uay ADF
vodlusfuduzndaiindoglutiinadineudnein Glriede 25.77 - 26.70% waz 18.47 - 19.91% muddv) WelSeuifiey
fuviguaziemnsdnininudiadudanuindiuuia NOF uay ADF gandi Tne taele uazany (2550) 51891130 neiuila
19 davimszalala fremndn wazdaeaian SUTuns NDF uaz ADF nmevidmsineglurasening 63.41 - 73.68% uay
37.89 - 43.50% veniminuie auddu deu 9nransineil nsldlududvsndminiduemsdnisenataelid

USinaunisiuld (voluntary intake) wagniseaeld (digestibility) gandmauwazdiensdnivdnuiinguy

Table 4 F-value for nutritive value of cassava leaf silage with different cultivars, cutting heights and harvest times

at Kamphang Saen district, Nakhon Pathom province during 2015 and 2016

SOV df NDF" (%) ADF (%) ADL (%) Ash (%) CP (%)
Cultivar (C) 1 0.27 0.13 2.14 0.05 38.74 *
Cutting height (H) 1 0.08 0.0001 0.34 0.15 0.13
Harvest time (T) 3 0.37 2.65 18.89 ** 6.71 ** 89.81 **
CxH 1 0.26 0.46 0.90 0.53 3.03
CxT 3 0.68 1.14 18.89 ** 0.57 9.49 **
HxT 3 1.06 1.33 0.22 0.11 2.96
Cx HxT 3 0.33 0.22 0.47 0.26 7.15 %

** Significant at p < 0.01, * Significant at p < 0.05
Y NDF = neutral detergent fiber, ADF = acid detergent fiber, ADL= acid detergent lignin, CP = crude protein
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Table 5 Mean nutritive value of cassava leaf silage affected with different cultivars, cutting heights and harvest times

at Kamphang Saen district, Nakhon Pathom province during 2015 and 2016

Treatment NDF* (%) ADF (%) ADL (%) Ash (%) CP (%)
Cultivar”

KU 50 26.08 19.31 7.79 9.1 11.66 b"
R72 26.51 19.04 8.35 9.1 12.45 a
F-test ns ns ns ns *

Cutting height™

30 cm 26.40 19.17 7.98 9.2 12.08
50 cm 26.20 19.18 8.16 9.1 12.03
F-test ns ns ns ns ns

Harvest time®

3-m interval 26.70 19.66 89a 95a 13.44 3
4-m interval 26.16 19.91 8.7 a 9.5a 12.24 b
6-m interval 25.77 18.47 8.6 a 8.7b 11.82b
12 MAP 26.57 18.67 6.0b 8.8b 10.72 ¢
F-test ns ns x* x* x*

** Significant at p < 0.01, * Significant at p < 0.05, ns = Non-significant

Y Means within a column under each factor followed by a same letter are not significantly difference at the 5% level by Least significant
difference (LSD).

Z Cultivar: KU 50 = Kasetsart 50, R 72 = Rayong 72

¥ Cutting height: 30 cm and 50 cm above the ground

“ Harvest time: 3-, 4-, and 6-m interval = 3-month interval, 4-month interval, and 6-month interval, 12 MAP = 12 months after planting

% NDF = neutral detergent fiber, ADF = acid detergent fiber, ADL= acid detergent lignin, CP = crude protein
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Figure 3 Mean ADL content of cassava leaf silage influenced with two different cultivars (Kasetsart 50 and Rayong
72) and four harvest times (3-, 4-, and 6-month intervals, and at 12 months after planting; MAP). Data are
averaged over two different cutting height levels (30 and 50 cm above the ground) at Kamphang Saen

district, Nakhon Pathom province during 2015 and 2016. Error bars are standard errors of mean (SEM)
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Figure 4 Mean of crude protein content of cassava leaf silage influenced with two different cultivars (Kasetsart 50
and Rayong 72) and four harvest times (3-, 4-, and 6-month intervals, and at 12 months after planting; MAP).
Data are averaged over two different cutting height levels a) 30 cm and b) 50 cm above the ground, at

Kamphang Saen district, Nakhon Pathom province during 2015 and 2016. Error bars are standard errors of

mean (SEM)
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