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Summary

The effects of morphological development and environmental temperature on synthesis and accumulation

behaviour of cell-wall constituents were studied in maize cv, Blizzard and sorghum cv. Sioux and Pioneer 931

at Muenchen Technical University from 1979 to 1981. Various growth stages of maize and sorghum plants

were grown on field and phytotron at 4 temperature regimes of 30/25, 25/20, 28/18 and 18/8 degree C and

mid-summer sunlight over 13-hour days.

The results are summarized as follow:

Cell-wall constituents in sorghum and maize plants were shown to have a great synthesis rates at early
growth stage from growing point differentiation to final leaf visible. The highest concentration of cell
wall contents were found at heading stage with 52-54% and 64-68% of neutral detergence fiber, and 30%
and 45% of acid detergence fiber for maize and sorghum, respectively.

The structural carbohydrates, cellulose and hemicellulose, were found as a main components of cell-wall
constituents. Cellulose were mainly accumulated in stalks, while hemicellulose were an important cell
wall components in leaves and panicle.

Synthesis rates of cell-wall constituents and non-structural carbohydrates were associated with increasing
of temperature. Reserved carbohydrates such as fructosan, mono — and dissaccharose in plant were, how-
ever, declined when the temperature exceeded 30 deg C, during the accumulation of cellulose, hemicellu-
lose and lignin were increased continuously.

Cell-wall constituents lowered digestibility and net energy accumulation in sorghum and maize plants.
In a in vitro and in vivo trial, it was found a negative correlation between digestion dry matter and cell

wall constituents, especially cellulose and lignin.

B fEol ke & HEE w+oH(Kim 1982,1985).
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9 Hemicellulose %] structural carbohydrates~}
whngs& MbR 9 duixERE Bl
(Kuehbauch % Voigtiaender, 1978 ; Marten %,
1976).

Sy A AR REHE] mono- Y
disaccharose 8] Aol %8 W24 &1t
WA= Bt B #%h reserved carbohyd-
rate?] #4709} ¥4 NEL % starch value 37
B £ "}t (Giorgettis, 1977). iy sorghumbfify
o M e ARE FEHEL KHrel Mk
BmE S s 24 FHM-E F Neut-
ral Detergence Fiber (NDF) % Acid Detergence
Fiber (ADF) a%o‘ Lol wish B ESHA Foh
o9} e ERLE sorghumfiip el (LK B ol |
HRE HEshe BEIMol o] sorghum¢| NEL o
starch value7} S-ro] ula} =LA ozl FgE
fHo] = rl(Cummins 1973, Harbers % Thouvenelle
1980, Kim 1982, Ledchtenbergs 1973, schmid %
1976). K BFFell 4= 71-(Zea mays L.) 8} So-
rghum{ Sorghum bicolor(L.) Moench) ki%¥-% it
MELE shed HFHRMMNE WG KIHS Ik
EHERIFES sk
drate”} cell wall constituents % NEL (&fifiel] vl
Ao BEHE BRsiskodch

o]& structural carbohy-

0. #M# X H&
1. mSHE

HER %L 2912 Blizzards} sorghum?| Si-
oux ¥ Pioneer 9312 {22 &led by 4
RECo & 197881 E/ =lal KB SUhiBF 7ol A
B ool $BEE RS Sl 29 60em X 15em
2 3}od hectar® 110, 0004k S ﬁllﬂ'ﬂ?@i”ﬁ sorg-
hum-& # T 30-35kg/ha-g 25em = drill sk odcl
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ATREES FAT KBKos VOETSCH VKZ
PH- 4 -Ro-S Phytotrong 4F-&3ked 1979 -’81 R

A Rl i gemel 4 B sk vk Phytotr-
on®| JAREE(E/4) v 30/25, 25/20, 28/18 W 18/8°C
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3 Bk{t#s Y Cell-wall constituents 435

MRk S (NDF 9 ADF) % structural ca-
rbohydrate & -2 Nehring(1971), Goering ¥ Van
Soest(1972) o] &3 4Hrstadct. & Fructosan,
Mono- % Disaccharose % non-structural carboh-
ydrates v+ Kuehbauch(1973) ¢| Colorimeter kol
#%& spectral photometer® HIEE 1.2 reserv-
ed starch & &-2 Amyloglucosidase, Hexakinase %
Glucose-6- Phosphate-Dehydrogenase & #| A3 Bo-
ehringer(1976) HEo 2 Hirskslct.

Hfh Weender &8 47-2 Lepper(1973), Stoldt(19
52), Seiden(1926), Kjeldahl(1883) % VDLUFA
(1980) ol el Histodcl. &4 3 HiY &85
Bt MERE in vitro ¥ in vivo RBST HH K
Kedked fEEsbol o= oluvzl &R-& NEL(Net En-
ergy Lactation) % starch value® Z¥{H&}%cH(Ti-
lley % Terry 1967, Kirchgessner 1978, DLG 19
78).
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Ak ¥ FEH-E Sorghumzl HU AR HEfEst
HBE = Bl &% Cellulose 25.7% % Hemic-
ellulose 23.5% & 7t3 ¥-& BEK#ES Jepicl
(R1ax). o|shido| WM BRREEN 23 #

mono- % disaccharose} =
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Table 1. Influence of morphological development on cell-wall constituents in maize cv. Blizzard
and sorghum cv. Pioneer 931 and Sioux

Morphological growth stages

Cell-wall
. 3rd 5th 8th Final Boot Bloom  Soft Hard Maturity
constituents leaf leaf leaf leaf stage stage dough dough  stage
Blizzard (Zea mays)
NDF (%) 38.7 44.4 50. 4 52.8 52.1 49.8 47.6 46.5 46.0
Cellulose (%) 19.6 21.0 24.0 25.8 25,7 24.2 23.2 22.1 21.9
Hemicellulose (%) 17. 4 21.6 24.5 24.7 23.5 23.0 21.2 21.4 21.2
Lignin (%) 1.7 1.8 L9 23 29 26 30 30 29
Sioux (Sorghum b.)
NDF (%) 36.3 47.0 52.7 65.9 65. 4 64.9 59.8 57.6 57.1
Cellulose (%) 18.2 20.5 24.0 35.6 35.4 34.3 31. 4 29.8 29.5
Hemicellulose (%) 16.0 24. 4 26.0 26.1 24.6 25.1 23.0 22.6 22.4
Lignin (%) 2.1 2.1 2.7 4.2 5.4 5.5 5.4 5.2 5.2
P. 931 (Sorghum b.)
NDF (%) 35.8 39.3 57.2 65.0 67.1 67.0 63.6 60. 4 59.1
Cellulose (%) 17.9 19.5 3L.9 36.7 38.2 40.0 38.8 36.3 35.3
Hemicellulose (%) 15.9 17.8 22.9 22.8 23.5 22.2 20.3 19.7 19.5
Lignin (%) 2.0 2.0 2.4 5.5 5.4 4.8 4.5 4.4 4.2
BRAHS BRI B B Lol =tet & 13 1% sorghumifitpilial Aol A EFHEHII=

A3 FHEo smiidl= &% Cellulose 22-24% structural carbohydrate?] &mREEN-& FRI A
%) Hemicellulose 2021 %2 #4 svl, el # olc}t, Cellulose®t Hemicellulose ¢| & £H WM
HMHALLFS ol &= dissimilationd] K%} reserved carbo- o) A A HERIIA o] FA A 43 LhEEv)
hydrate 2} B4 2 #ERAEHE T cell wal FEEl = 6 ~ 8 EfN A (k] HWBE 7AAY
BRWES EF mmshs M@ Uck olE S S EHMAE HASKE &% 8.2~9. 0g(Cellulose)
4ofl s sorghumiEiggol el A& TR Y 5. 3~6,0g/m? (Hemicellulose) ©. & B ke A
th Cellulose % Hemicellulose 2] @A B &l Sr+ NS Zech 28Y HEGL G © B EAK
ol 4 o} zho] sl Eele] @MHOZ ES K Mol A 2] RifyiBAe] S38] SkubshAl o) Fo] A=
& gErpalcl o)9k2e HRE WERKEHTA

A #3| Celluloseol| 4 ZAl vebvt SEHH ST .
#892) Cellulose & B2 21.9%<ldl »3 sorghum

Y-S 29.5~35.3% 24 HiEsHA ¥ SRS # " e~
¥k, 28wk Hemicellulose2] &A% X EHR U
oA E L4209 sorghum fifpEERlo] & ER7F 9

- days)

i
et

Hemicellulose

Synthesis rates (kg/10a

v Ao g velygel(Fx1l #2). 24 L . _ Celtutose
o~ L e T
> <] o 2ol & 0 T v -+ ~r T T
U‘J:'I ’%%ql A sorghum ] Cellulose & & I 5 3ileaf  Sleaf  Bleaf Fi:m] Heading  Soft  Hard
A= 20)| ulal BEESHA %2 2L leaf weight ratio lea dough  dough

Morphological growth stages ———s

(LWR ; BER) 7t w20 FHRY A2E2 sorg- Svnth ¢ cellul 4 hemi
. ! Fig. 1. Synthetic rates of cellulose and hemi-
s . O £3
hum fiffifilel] gl 4= LWRel 58 Siouxifcl cellulose in kg/10a per days at different
Pioneer 9314l #]8 Cellulose o] 2 #ojct growth stage of sorghum cv. Pioneer
(Kim, 1982). 931.
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Table 2. Accumulation pattern of cell-wall constituents in different plant parts of sorghum cv.

Pioneer 931
Cellowall Plant Morphological growth stages
3rd 5th 8 th Final Boot  Bloom Soft  Maturity
Constituents parts leaf leaf leaf leaf stage stage dough  stage
NDF (%) Leaf 3.7 46.3 53.2 629 66.1 67.8 69.7  73.6
Stalk 41.5 51.7 5L.5 58.1 65.6 63.5 58.3 65.8
Panicle - - - - 74.4 73.4 62.2 50.0
ADF (%) Leaf 18.9 22.1 26.3 3L6 35.1 38.2 37.3 39.2
Stalk 22.9 26.8 27.5 35. 4 43.5 41.9 37.1 39.1
Panicle - - - - 39.2 38.6 26.8 25.9
Cellulose (%) Leaf 17.8 20.0 23.5 28.3 31.0 33.5 31.0 32.8
Stalk 20.9 24.7 25.1 32.7 39.3 36.4 32.3 33.7
Panicle - - - - 33.4 32.2 21.5 21.6
Hemicellulose (%) Leaf 16.8 24.2 26.9 31.3 31.0 29.6 32.4 34.5
Stalk 18.6 24.9 24.0 22.7 22.1 21.6 21.2 26.5
Panicle - - - - 35.2 3.8 25.8 24.1
Lignin (%) Leaf 2.1 2.1 2.8 3.3 4.1 4.7 6.3 6.8
Stalk 2.0 2.1 2.4 2.7 4.2 5.5 4.8 5.4
Panicle - - - - 5.8 6.2 5.3 4.3

A structural carbohydrates® &% cell-wall co-
nstituents ¢ AR F A3 WA ABWILI G
+ Cellulose % Hemicellulose 2| &ake]l A2 ik
ek,

B RA D Celluloset cell wallg HARSHL
Ade A BER Ko #3l /(X)) ARA
o WRamEES Masted Fa3t &EE Ok
Jeh7ke FHC 2 Cellulose o HR-Z el 7
$- 3k Foldl wixEtAl A Ao SHEEE
RALLE fERREamo] B Bidl = AME Ce-
lulose 2] %Bol E71#frel ERE Sl WM Sor-
ghum = 7] 2] Cellulose &8-S 33-38% 24 #¥2| 24
%ol) ws) REEI ERS Arh

olell [l Hemicelluloset #zl o] AHEfr 2] ce-
l-wall constituents &4 HEE #¥E]2 stel. He-
micellulose ™ A] Cellulose£} Zro| ghififgoll A= %
3 Frlel KEWel wxsAl sl dov &
Hol #1Tde <ot FMLERMBS BA A &
A% Hemicellulose= ¥EMAroN vhol ERER (&2
I EN

[ S4-9 B BB @R g
2k 9] cell wall constituents7} EfEslo] glom o] 2

(o]

< EB-X mAWRMG WAt S ok EBS
Cellulose @ Hemicelluloset: &% 24-26% 2 28
-33%E T KES HEHEE S5F o)A (ear)
F1¢] CWCEELS &% Cellulose 14-15%, Hemi-
cellulose 18 -20% % Lignin 1.5-1. 7% & 4 W
Mol Rzl wlal S8 g-2uke] MY H

of &Rzl e & + Urh

2. Neutral Detergence Fiber(NDF) 3! Acid
Deter gence Fiber (ADF)

244 9 Sorghum?| cell wall Constituents+
90-95% LA o] Cellulose @ Hemicellulose % H5&
RARIEHE RS 2.2 7]et= Phenol groups
2] Lignins 2.2 5o gt} o7& FHi{Je & Neut-
ral Detergence Fiber (NDF) €82 HBiE 7 —10
Hel Zzt" 2 — 3 L] il A oln] 55+
35-39% % Sorghum36-38%7tx1 EF= = Rt
EMBE 2 ¥ structural carbohydrate & &o] Bk
o wabe BTG &% 55-55% 2 68-68%
EA A x BEARES Jebdch DR BEE
Eol &3t NDF & &2 8+ Wi+ wTid M
BMARYWES 453 mono ¥ disaccharose ERE
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o] Mol =te} HHMOE FolEe] BBl
45-47% W2 Bt

2l Sorghumififal]l Aol 4= BRMBWMF re-
served carbohydrate®] EfEo|] Fo} CWCE #A
fHol S-Fol et o] RAESIA Fated MM
B oE k#EE MFIL Jon o]Fo] WibE ¥
NEL £i< Aslst= EHo] =} (Kim, 1982).

LLEo] 8ol 4 sorghum®] NDF g &ol &+%
Rl 2 2L fructosan, mono- % disaccharose
£ 4473 non-structural carbohydrate®]  {rifst
ERfo] %8 K structural carbohydratesd 4% 3]
Y ERel w-2d FEel Ak

Acid Detergence Fiber(ADF)+= 2442} Sorgh-
um F{EHpol A &3 £AEFMME F NDF2| &
Y ERE PR #Mbdeb (1Y 2 3 3). =
eb4 ADF 2| &k ¥ ER-& NDFse} o] shim#p
dlA ZA o] TR HHMFIGF &% $3T28
~30% ¥ sorghum 40-44% 2 BEBEA%ES J
ebf o},

cellulose @]

70

g 60
& 504
t
2 40
S
3
= 30
H
- o (Pioneer931)
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(Blizzard)
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Fig. 2. Effect of morphological development on
neutral detergence fiber and acid det-
ergence fiber concentration in maize
and sorghum.

3. BiHEE 2 cell-wall Constituents

Sorghum % S5+ CJifbiith= 4 BREERE
7t b =tel BER ¥ 2 MMLEDE BA
=t} (Chesnokov &, 1974 ; Hasegawa%, 1977;Fu-
erbeth, 1963 ; Okuda, 1977; Mamedov-,1975). °]
shgrol miRMEM AN A= MpEBARS ke A
ol ozl Ml EYE] fructosan, mono- ¥ di-
saccharose 2] #ffio] M/ =+ KA structural ca-
rbohydrate & %4143 cell wall Hikth S HE LR
o HARo R Hingteh(Kuehbauch ¥ Voigtlaend-

er, 1979 ; Lechtenberg %, 1973).

o] T REEES MBS mpHEel FHEMEY cel
walls RSl Y v BAERAEHe HEFVE
web & ER7 ded —BMeR EFHRA o
A= EFMW il A A Jebda g
7b A LR el sk e #iTHA w2t 1 &
B gafbsich & 3elA HWBERS 1 -2 £iiW|
W& 30/25C ¢ BRo2 MEY 79 NDF g@&2
43.2% 7% EFi=e] HABRE(25/20C) 2 (KR8
/8T)dl 42| NDF& & 36.9% % 25.5%¢ i3l
BES Wb dgch 2elv ghiEy Bme 8 ¥
Wl A= B~k EREEMS NDF 380 %
# 71.3%(30/25TC), 70.5%(25/20C) 2 59.8%(18
/8T)2A HEEFRA =2 CWCe] Hmigel 6
EMLLT S ghispol #1822 sHolch(Taylor 5,
1974 ; Niopek, 1960 ; Vong % Murata, 1978).

g HE FHA wWE cell-wall constituents?] i
e ol& HAR3L 9+ structural carbohydrate
o] R ¥ ERMEA et & 2R dek #3
2] Phytotron K&l A sorghumfi¥p & SiRC 2 &
HY 7S WREsEEpE 24 #wEs AS
structural carbohydrates?] #fno] HKE Ao =Z
ol = ol & WERAKILY T 5l Celluoses] &k %
Zife] 2Md TRl Ha S o+ Uk HI
4 Ee) S-S 30/25C 2 RO 2 K Ce-
lulose & 82 31.4%7F =] oluc) & RBE
Toll 48] Cellulosed & 27.0%(25/20C) 2 20.2%
(18/8C) ¥l BES M=t 22iv Hemic-
ellulose = [—3 B iRP &% 21.3%(30/25T),
20.2%(25/20C) % 19.1%(18/8°C) 7k Hfi=lo
I L Stoll #kal Hhntgel Cellulose ¥ vl BE #3}1A)
gl

3k cell wall constituents & phenol i 42 &
B R ER{-S structural carbohydratest 3hnl &k
B A BAE B Ll <8 e Cell-

ulose % Hemicelluloseo] w3l H-& 33ojc}
4, In vitro H{LFE 3 Net Energy Lactation

Sorghum % 42| #H{b#&3} net energy HHE
2 BRI =
gt 2 MEE wech ool MMM 1 AR
of 2del4 2k sorghumifi#piifdel £R7 ¢
EdH —BHLE SRl sorghumffifpoll 4] L

2 cell-wall constituents®| %
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Table 3, Temperature treatment effects on cell-wall constituents and non-structural carbohydra-
tes at different growth stages of sorghum cv. Pioneer 93}

Growth* Te'l,’r“"zz Z“ge NDF  Hemicellllose  Cellulose  Lignin TNC DDM
stages (day/night) (%) (%) (%) (%) (%) (%)
8-leaf 30/25 71.3 27.5 39.4 4.4 5.5 62.1
stage 25/ 20 70.5 27.4 36.6 3.5 6.8 62.9

18/ 8 59.8 27.7 29.2 2.9 14.2 74.4
6-leaf 30/25 67.6 26.7 36.8 4.1 3.9 65.5
stage 25/ 20 63.2 26.7 32.9 3.6 4.2 67.4

18/ 8 55.2 24.6 27.9 2.7 7.6 72.3
4-leaf 30/ 25 56. 2 21.3 31.4 3.5 4.0 63.7
stage 25/ 20 50.6 20.2 27.0 3.4 4.6 66. 1

18/ 8 42.0 19.1 20.2 2.7 6.8 7.7
2-leaf 30/ 25 43.2 15.6 25.3 3.3 2.8 71.1
stage 25/ 20 36.9 12.3 21.3 3.3 3.8 80. 2

18/ 8 25.5 9.6 17.2 2.7 3.9 80.7

* Growth stages at beginning time of temporature treatment in phytotron
TNC =fructosan + mono-and disaccharose
DDM =digestible dry matter

Table 4. Regression coefficient between cell-wall constituents and in vitro digestibility in corn
cv. Blizzard and sorghum cv. Sioux and Pioneer 931

Cell-wall Digestible dry matter Digestible organic matter
Varieties
constituents K b r? K b r?
NDF Sioux 90. 8 —0. 887 0.64 92.1 —0.981 0.68
P. 931 95.6 —1.661 0.84 95.5 —1.099 0. 84
Blizzard 79.7 —0.201 ns 79.6 —0. 240 ns
Cellulose Sioux 93.0 —0. 821 0.64 94.2 —0. 899 0.67
P.931 98.6 —0. 995 0.76 97.8 —1.011 0.73
Blizzard 77.4 —0. 686 0.41 76.9 —0.099 0.44
Hemicellulose  Sioux 79.9 —0. 453 ns 80.9 —0. 546 ns
P.931 114.3 —2.185 0.52 114. 4 —2.246 0.50
Blizzard 72.1 —0.139 ns - - -~
Lignin Sioux 87.7 —4.897 0.76 87.1 —5.022 0.70
P.931 90.3 —6. 165 0.83 89.7 —6. 363 0.83
Blizzard 84.8 —3.791 0.53 83.1 —3.425 0.47
P<5%:r?=0,181 P<1%:r®=0.287 P<0.1% : r*=0.430

gak in vitroilt Kol & &EHAA T8 ¥

o] HifHe] UrH(P<0.1%). Cellulose ¥ Hemicell-
ulose = o] gbt= wtg] sorghumifipoll A= in vitro
MR B2 fo) EHel oy S54 A%
o] 25 HIMMGR 7L 2= %ot o] & structural carb-

BatR 7t 2 Al vebwkel(Cummins 1973, Schloegl 1982,
Harbers % Thouvenelle 1980, Masuda 1976, Ra-
bas 5 1970).

Cell wall 8 pE B %55 Phenol groups$| Lignin
2 MRS BlA7E MY & BEHOE o' K
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ohydrateel] &3t #ifbR2| MABRL AstA el
Uzl of =k o)ehkbol Sl A B RAKIE
Wb in vitroM{L-ERA &2 B 7 Sorghum
ol 19} o] AAl vhebvkz]l ¢ AL ol E HEK
Kol ol EEBSHAl o] Fof - Wil &
© 2= mono- ¥ disaccharose & /143 non-str-
uctural carbohydrates?| &SR 2 Zol AP
2 oo)RolH &y 9 Higmel wifkEo] 28d &
1] e Bolz =Fo]ch

S5 % sorghum?| it E-L 2- 3 EH
sttt A = 78-81% M 2A fEHRC & ER
b Qeb SE4e] A ol % ifERE AFol #fT
sl ok ZA b ol ETEMRMAE &K
B 72.1% %) 2 T HBY) R & KES
fyekeh ool wlal sorghum®] @bk F A3 E
fbslo] WRE ¥ EAM EHitbR &H 6l

-64% ¥ 56-60%2 T %=}

kel #5Rell 4 sorghume] {ifbRo| S5 of
i) 2A "ol AL ofn) A slalo o]
% @k Eo] Cellulose, Hemicellulose & cell
wall constituents®] &i%ell % & HEEE S 24 mo-
no- % disaccharose 2] o] @7 o Fojc},

T cell wall EHE-S MLRS BilAzes
A NEL #K; % starch value & ZA| & F 4| 7t} o
2t &4 9 sorghum? NEL (Efii= #ik & o
EITH = Bt cell wall ki HE ol Wl =tet
Wk o® WA sch NELO MABKS W
L2 g7 MRS = 6 - 8 vt #sslo %
4 5.9MJ ¥ sorghum 5.45MJ-NEL/kg2. & &£
EAReS Jebdcl ghEizt BEE LGdE g4
2| 7% mono- ¥ disaccharose &| Efjo| Wingr
2. 24 NEL valuer A A8 Hhnsted FLAL =

Table 5. Effect of cell-wall constituents on in vitro digestiblity and net energy lactation (NEL)

in sorghum and maize

Morphological growth stages

Cell wall contents

3rd 5 th 8 th Boot  Bloom Soft Hard Maturity

and net energy leaf | eaf leaf stage stage dough dough  stage
Blizzard

NDE (%) 38.7 44.4 50. 4 52.1 49.8 47.6 46.5 46.0

TNC (%)

DDM (%) 81.1 80.0 79.3 73.9 75.9 75.5 76.1 72.1

DOM (%) 78.3 78.2 77.4 73.6 75.3 75.3 72.8 71.9

NEL (MJ/kg) 5.98 5.82 5. 90 6.12 6. 34 6.51 6.70 6.94 6.94

StE 584 550 552 596 642 659 668 669
Sioux

NDF (%) 36.3 47.0 52.7 65.4 64.9 59.8 57.6 57.1

TNC (%)

DDM (%) 78.9 76.3 68. 7 64. 3 61.3 61.8 61.8 60. 4

DOM (%) 79.5 76.9 65. 8 61.5 59.2 61.6 62.0 59.7

NEL (MJ/kg) 5.64 5.57 5. 46 5.58 5.61 5.75 594 6.01 5.93

StE 550 516 463 480 511 525 530 535
Pioncer 931

NDF (%) 35. 8 39.3 57.2 67.1 67.0 63. 6 60. 4 59.1

TNC (%)

DDM (%) 81.1 79.4 70.5 61.2 58.7 59.6 61.2 59.7

DOM (%) 80.0 79.0 67.5 60. 7 55.5 57.4 60. 9 58.3

NEL (MJ/kg) 5.78 5.60 5.44 5. 49 5.58 5. 66 5.83 5.90 5.87

StE 549 523 450 477 508 519 525 520
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HEHA = £% 6.7MJ % 6.94MJ-NEL/kg 2 [1]
=t

el sorghum fi#ell o] 4+= fructosan, mono
- 9 disaccharose 8| 4 Ak= HR{o]l w2 KME cell
wall constituents 4 o ##ye= ¥ Kk#d
#EFSET ole) ERVEBMMIHRS NEL % starch
value #ine 5ol A9t ol BEshxl Ezhch

(Kim, 1982 ; Schloegl, 1982).

N. & &
S 9D sorghum gl el A AN B
7L cell-wall constituents?| 73K % &E{P
Mol n)Ale S eWstsl $isked &55-9) Bli-
zzard 2} sorghum 2| Sioux % Pioneer 931 MifE-S
R 2 slel [@8 2 Phytotron %3 HEHish
et
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