178—188 ok % H31E H 10
2022 4 10 H ACTA PRATACULTURAE SINICA Vol. 31,No. 10

DOI:10. 11686/cyxb2021402 http : //cyxb. magtech. com. cn
ERACA:, D A B I 3 KA A AN [ 2 A AL 4 RO 1 AR AR S L R A 4, 2022, 31(10) : 178—188.
GUO Dong-sheng, TANG Shao-xun. In vivo degradation characteristics of dry matter and crude protein of four morphological fractions for five varieties

maize harvested at two maturity stages. Acta Prataculturae Sinica, 2022, 31(10): 178—188.

an 0 A B FR B 3T B K FE AT AN B 72 &5 BB AL T4 Jo
R FH & B B R 45 1 B9 52 0

FALLTIDHY
CL. 1) P SO BE 2 iy 5 PR SR 27 B8 Sy o7 1 4 o A T i S 00 % R 0 4150005 2. v [ Rk B W0 AACHT ALl AR 2SI 5 BT, I B0 GHE Al A 2
i B S & SRS R S SRR [ R TR SR A S SR S AU R T A SR L W v 410125)

TE : EORREH L R 2 5 5 1 TOMU R R 8 2 — 7 35 W A e M S A3 52 26 K Rl R e O 1) 52, Tt L 5 oK
FERF T 25300 4B AR OC o A2 500388 3 43 BT A [1) 28 8 0K 5 RS FF AS TR 28 358 082 76 2 A )0 T 49 i (DMD) B A 2
F1(CP) (R 8 B SRRtk o F R R AR R A R & b R TR AR SCRe . IS0 RN £ 115 (F LK) &l
115 oK) BHHRE T 145 OFF k) 0 i 145 Ol B R FRRIIH T 145 (FH K ) 54 il T K, 43 31l #e b i
(55 17 IS CRLEAD) RIS 31 K (I 380 0) ) SR A L i (38 25 FF B 4 AN T A A B, ) R 1 e AR e R 43
T A7 RE 1 DM K CP 98 B WA 20 ) 24 2 U AR 25 SR 3R 0 < it sy B k8 25 FF3 02 DML, DL K B R
A BB AL CP 1 R 88 it &1 4 (o {H) 2 35 (P<<0. 001) & T FL2UW , (H H i it 85 #0125 FF 3862 DM, it R (B8 4
V8 7 REL R I ) 5 T R A S 43 (O D) L DA R vt 4 A S8 R i % (ED) A 35 (P<<0. 00D TR . Hi &
Fift T R A [ 25 350 087 4 5 BOHLER 110 @ b B ED AR 53538 5 Fh FORMIE s o % . RRDJE A AL DM K CP R fif
B 1% S AR W 22 5 ED (#0725 FF >80 0> M > e R (9007 4K R A o 2508 F W« 8 K ) B
Wi 5 FF DM A CP (14 a 55 648 s AS 8] 5 R ] DM K2 CP 144 2309 i 38 LA s Tl 2 K R oK -

SEGER RN R 5 I TEAS AL 5 R ORAE FF 5 B A e ok

In vivo degradation characteristics of dry matter and crude protein of four

morphological fractions for five varieties maize harvested at two maturity stages
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Abstract: Maize stalk is an important source of roughage for ruminants, and its nutritional degradation characteristics
are affected by variety and maturity of the maize, and also related to the composition of the component morphological

parts of the maize stalk. This experiment provides data support for the utilization of maize stalk in ruminant livestock
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by analyzing the rumen degradation characteristics of dry matter (DM) and crude protein (CP) of different
morphological parts of maize stalk at two maturity stages. Five varieties of maize: Kexiangyu No. 11 (conventional
maize) , Gaoyou 115 (high oil maize) , Kexiangnuoyu No. 1 (waxy maize) , Huqing No. 1 (forage maize) and
Kexiang Tianyu No. 1 (sweet maize) were selected in this experiment. Samples of the four morphological parts of
leaf blade, leaf sheath, stem and husk were collected on day 17 day (milk maturity stage) and day 31 (wax maturity
stage) after tasselling, and an in situ degradation technique was used to analyse the kinetic parameters of DM and CP
rumen degradation in all samples. It was found that the rapidly degrading fraction (a values) of DM of leaf blades,
leaf sheaths, and stems, and the a values of CP of leaf blades and husks at the wax maturity stage were higher (P<C
0.001) than corresponding values at the milk stage, while the slowly degrading fraction (4 values) of DM of leaf
blades, leaf sheaths, and stems, & values of CP of leaf blades, leaf sheaths and husks, and the effective degradability
(ED) values of the husk DM at the wax maturity stage were significantly lower (P<C0.001) than those of the milk
stage. The a, 6 and ED values of the DM and CP of the different morphological parts of the new maize cultivars
were similar to or higher than those of the conventional maize. Differences in DM and CP degradation kinetic
parameters were also observed among different morphological components. The ED values decreased in the order of
stem>husk™>leal sheath™leaf blade. In conclusion, extending the maturity period mainly affects the a and & values
of DM and CP of maize stalk. Among different varieties, the ED of DM and CP was higher in high-oil and waxy
maize.

Key words: maize variety; maturity stage; morphological fraction; maize stalk; degradation characteristic
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Table 1 Chemical composition of morphological fractions for five variety corn stalk harvested at two maturity stages'™

i TS 2E A A b2 1.4y Chemical composition (g-kg ' DM)
Variety Morphological fraction Maturity stage OM cp p NDF ADF
L ZUES S A Leal blade FL#3) Milk stage 880 178 2.66 563 338
Common corn it 228 Dough stage 867 156 2.85 552 355
-4 Leaf sheath FL#AM Milk stage 896 58 1.44 637 397
1% 24 38) Dough stage 902 50 1.36 631 377
Z5FF Stem FLEIY Milk stage 947 61 1.82 559 370
I 2 8) Dough stage 938 53 1.35 539 365
#i M Husk FLEUY Milk stage 958 56 2.28 630 316
% 2 ] Dough stage 964 50 1.99 662 345
HIE K i Leaf blade L #38) Milk stage 866 190 2.77 559 350
Silage corn 2 ) Dough stage 879 165 2.50 559 351
it # Leaf sheath ¥ Milk stage 890 75 2.04 638 412
I 24 ] Dough stage 907 57 2.07 576 355
ZEFF Stem FLEIY Milk stage 936 78 1.90 595 431
%28 Dough stage 954 70 1. 60 539 354
& Husk FLEIY Milk stage 967 58 2.43 588 303
iU Dough stage 969 53 2.66 615 297
Tl Rk I A Leaf blade FLYU Milk stage 891 192 2.97 521 303
High oil corn i 3 Dough stage 884 166 2.73 524 332
-4 Leal sheath FL#3) Milk stage 903 66 1.65 594 368
%2 Dough stage 904 47 1.16 601 355
ZEFF Stem TP Milk stage 945 61 1.85 581 382
%2 Dough stage 957 49 1.29 562 380
& Husk L #438) Milk stage 965 59 2.53 607 311
I 249 Dough stage 958 47 1.80 663 353
[EER S M J Leaf blade FLEJY Milk stage 867 185 2.73 534 318
Sweet corn It 2 Dough stage 859 165 2.17 551 340
t-# Leaf sheath L #38) Milk stage 888 63 1.65 608 363
I 2 8) Dough stage 896 59 1.40 651 379
Z5FF Stem TP Milk stage 944 78 1.94 564 371
% 28] Dough stage 948 73 1.55 553 372
A Husk FLEIY Milk stage 962 66 2.52 560 291
I 2 Dough stage 961 56 2.21 645 332
kG £ oK I Leal blade FL#) Milk stage 876 187 2.87 546 314
Waxy corn % 28] Dough stage 857 160 2.57 554 339
-4 Leaf sheath FLAA Milk stage 904 67 1.18 618 368
I 28 Dough stage 904 55 1.15 635 356
25FF Stem FLEIY Milk stage 950 77 1.34 564 360
% 2  Dough stage 959 62 1.21 523 331
# - Husk FLEUY Milk stage 963 64 2.12 599 289
21 3) Dough stage 961 50 1. 50 682 322

OM: A #L & Organic matter; CP: ¥l % F Crude protein; P: #§ Phosphorus; NDF : #1 #: 3 % £ 4k Neutral detergent fiber; ADF : g 1 Uk % £F 4 Acid

detergent fiber.
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Table 2 In vivo dry matter degradation Kkinetic characteristics of leaf blade and leaf sheath for five variety corn stalk harvested at

two maturity stages

LA i i F Leaf blade 4 Leaf sheath
Mature stage Variety A (%) b (%) oy (%h™) EDpy (%) apy (%) by (%) cp (%-h™)) EDpy (%)
LA i Tk Waxy corn 28.0 49.1 0.0189 52.1 32.6 43.2 0.0193 53.1
Milk stage 3§ % >k Common corn 25 8 49.7 0.0150 47.2 31.7 37.1 0.0178 49.5
7P % K Silage corn 27.2 42.4 0.0214 49.4 32.0 34.8 0.0210 49.0
fift £ >k Sweet corn 27.0 43.4 0.0174 47.4 36. 4 33.6 0.0233 54. 4
1 X >k High oil corn 31.0 47.0 0.0215 55.5 35.2 31.4 0.0242 51.8
I 5 E K Waxy corn 31.4 37.7 0.0174 48.6 36.1 24.2 0.0185 46. 4
Dough stage 33 5k Common corn~ 29.9 48.2 0.0170 52.2 34.0 35.3 0.0181 50.5
T E K Silage corn 29.9 30.9 0.0230 46.7 38. 4 21.7 0.0253 51.0
fit K Sweet corn 29.9 35.2 0.0176 46.5 34.4 34.4 0.0199 52.0
1 1 2 K High oil corn 31.4 39.3 0.0246 51.1 36.1 25.6 0.0272 50. 6
SEM 0.94 2.65 0.0019 1.16 0. 82 2.93 0.0023 1.73
p{é M ok ok ok ok NS NS ok ok ok ok NS NS
P value v Kok sokok soksk sk *k * *k NS
M XV NS NS NS ok ok ok NS NS

T - SEM 3R /D S A bR il 15 s M U5 Ve i Al MOXV R BUM 5 AR 9 S8 T . NS: P2>0.05; *: P<0. 055 **; P<<0.01; ***: P<
0.001, T,

Note: SEM means standard error of least square means; M: Mature stage; V: Variety; M X V: Mature stage interacted with variety. NS: P=>0.05; *:
P<20.05; **: P<<0.01; ***; P<<0.001. The same below.
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Table 3 In vivo dry matter degradation kinetic characteristics of stem and husk for five variety corn stalk harvested at two

maturity stages

A Hh A 25FF Stem A1 Husk
Mature stage Variety apnt (%) b (%) ey (% h™) EDpy (%) apy (%) bpy (%) ey (%-h™)  EDpy (%)
LA i £ 2K Waxy corn 43.6 36.1 0.0138 58.2 36.0 41.5 0.0134 52. 2
Milk stage 3l Tk Common corn 445 31.0 0.0158 56.8 32.5 36.4 0. 0209 51.0
£ % Silage corn 37.0 28.0 0.0169 49.4 41.0 34.9 0.0236 60.3
Tt % K Sweet corn 44.2 30.9 0.0147 55. 8 42.4 33.7 0.0229 59.5
=i 9 % >k High oil corn 40.2 22.3 0.0276 52.9 40.3 32.9 0.0196 56. 7
Ity 20 ¥ F K Waxy corn 46.4 28.5 0.0144 58.0 29.6 32.5 0.0203 45.7
Dough stage 3 %>k Common corn ~ 45.0 16.1 0.0230 53.7 32.4 33.8 0.0189 48. 4
% IP" % K Silage corn 47.6 25.4 0.0316 59. 4 37.6 32.8 0.0313 54.8
fif £ % Sweet corn 40.3 29.9 0.0162 53.0 34.0 28.8 0.0162 47.1
#5912k High oil corn 44.6 19.7 0.0164 53.5 32.8 33.1 0.0191 48.6
SEM 0.82 2.82 0.0045 1.04 1.16 3.19 0. 0027 2.43
p{g M skokok skokok NS NS sokok NS NS Hokok
P value AV koK koK NS Hokk ok NS Kk *k
M XV ok NS NS Hokk ok NS * NS

K5 TR aco (B 5 EDcp (B 153 18] SE < 71 L F4 ERBFRARMSEACLE T 9 RREMRD N 454
Th, Al 5 A B 2 ] 2E K TR I;%z: CHEE K 5k Table 4 In vivo dry matter degradation kinetic characteristics
K1 b B A 6 ] JE B T b T L % R of different morphological fractions
> J Ocp Fa H 5 = D
oK I g T oK PR B T R R R R OK R I

it F Ttem apy (76) by (0) ey (%-hh) EDyy (%)

- ‘ - Leaf blade 29. 1c 42. 3a 0.0195 49.7¢
KU o 1 B 120 10 4 K 7 71 T B A 795 6 K )
N ) IH-#4 Leaf sheath  34.7b 32.1b 0.0215 50. 8he
I i ol 28 B[] 928 K T T B o i
Z£FF Stem 43.2a 26. 8¢ 0.0188 55. 0a
ol 2 N 0 0
FLASI S b, fH (31, 300) B ED, f(60. 526 ) & 25 Husk 36.0b 34.1b 0.0206 52. 6b
ST T WA (25,506 F158.4%) ,5AF R MR oi 1o 00010 o6

B CP B 8 1 2 S8 A 035 25 5 ED A8 $2 = i P {5 P value NS
TR E ARG EKSFICFARZJEIEROIN e s 22 % (P=0.05). T
JF R B (P<<0.001) , bep {8 4 it £ K >3558 £ K > Note: Different letters in same column means significant differences at
Wi Bok > Eok > F W E KM FE T B (P< 0.05. The same below.
0.05) , M cop [B N 22 75 07 T 2K >0 Tk > ok >
58 K = E R AT T (P<<0.01) (% 5) o [FIBF M8 acp bep B ED o (B AR 32 K R 5 50200 B AR (1952
(P<<0.001).

FLA] 5 8 B ZEFF acp be B ED, TC 135 22 5 T 0 A 25 FF ¢ (. (0. 0757 %6 -h 1) b 2 &5 T (P<<0. 001) FL
B (0.0440% +h ) (F6) 0 54 FR ] ZEFF acp beo M ED A FETE .35 25 5 (P<<0.001) , ae, [ FIt E X >HEE
K>>I F oK > 58 oK > E R IR R K (P<<0. 001) , be M8 3% 55 il F oK >3 I F ok >0 ok > %58 E
K> E K BUFE T FE(P<<0. 001) , EDp {8 W 42 8 T 2K =B K > 35 107 K > 3 58 T oK > 5 il K 59 0 B AR
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Table 5 In vivo crude protein degradation kinetic characteristics of leaf blade and leaf sheath for five variety corn stalk harvested

at two maturity stages

XA i M A Leaf blade M4 Leaf sheath
Mature stage Variety acn (%) by (%) cep (%+h™) EDep (%) ace (%) bep (%) cep (%+hY)  EDg (%)
FL# ¥ K Waxy corn 13.6 64.7 0.0235 48.0 39.4 33.8 0.0452 59.3
Milk stage 38 £k Common corn 39. 5 40.4 0.0270 61.3 37.8 35.7 0.0242 56.7
# I % % Silage corn 45.5 39.0 0.0216 66.3 43.8 24.2 0. 0485 58.9
Hif ok Sweet corn 19.0 53.6 0.0284 49.5 42.2 35.9 0.0192 59.5
7 7 3 K High oil corn 46.0 35.3 0. 0420 68. 8 52.7 26.9 0.0277 67.9
i 23 i £ 2K Waxy corn 47.1 28.6 0.0306 62.9 45.0 20. 4 0. 0477 58.7
Dough stage %5 ok Common corn 33,1 49.8 0.0217 59.3 46.6 25.2 0.0258 60. 8
TP % K Silage corn 34.4 36.4 0.0256 53.8 34.0 27.9 0.0346 50.7
Ht K Sweet corn 47.8 27.7 0.0516 66.1 46.5 27.7 0.0261 62.4
# 7ih °E K High oil corn 30.9 43.5 0.0265 54.7 45.0 26.2 0.0291 59.4
SEM 4.23 4.06 0.0047 3.18 0.89 2.22 0.0078 1.21
P1E M * ok NS NS NS ok NS o
P value \V4 NS NS Hskk NS *kok * sk ko

F6 FARMAMARRMEXBHERREHEEERERINERFG

Table 6 In vivo crude protein degradation kinetic characteristics of stem and husk for five variety corn stalk harvested at two

maturity stages

A i 2EFT Stem At Husk
Mature stage Variety acp (%) bep (%) cep (%™ EDep (%) acp (%) bep (%) cep (%-h™")  EDep (%)
FL# i >k Waxy corn 73.0 10. 10 0.0461 79.7 53.7 32.0 0.0207 69.7
Milk stage 3% % Common com  66. 5 9.15 0.0521 72.9 4.1 37.1 0. 0300 66.2
TP % >k Silage corn 70.7 11.60 0. 0408 78.0 64.5 19.2 0.0376 76.9
Ht ok Sweet corn 73.9 6.27 0.0329 77.8 64.2 23.2 0.0277 78.5
75 ¥ >k High oil corn 59.5 14. 40 0. 0480 69.0 65.9 23.9 0.0296 79.9
I A 5 £ K Waxy corn 69.0 11. 00 0. 0596 77.0 60. 1 20. 2 0. 0582 70. 4
Dough stage 38 T K Common corn 66.9 8.36 0. 0689 73.4 67.4 14.5 0. 0500 76. 2
I K Silage corn 64.9 10. 50 0.0798 73.4 60.3 22.0 0.0317 73.1
flt Tk Sweet corn 71.3 7.07 0.0751 76.9 58.3 21.4 0.0253 70.6
#4113 & High oil corn 63.8 9.71 0. 0949 70.0 64.9 16.5 0.0673 74. 4
SEM 2.14 1.35 0.0111 1.76 2.06 2.60 0.0103 1.40
P{E M NS NS ok ok NS sk skokok ok NS
P value v sk Hok ok NS sk Hok ok NS NS sk
MXV NS NS NS NS Hokk ok NS Kok

ANTETE S EBAL ] acp e oo T ED B AETE B 35 25 5 (P<<0. 001) , acy (B 3% 25 FF > &1 = -85 > - 5 59 5 5 &
FRBE(P<C0.001) , 1M1 bep {H ) 32 0 7= BF 8 = 780 = Z5FF (0 005 3 AL (P<<0. 001) , ZEFF ML MY EDp i 3%

=T (P<<0.001) M 85 (£ 7) .
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2.3 KM hFHAEEERAS XN 7 EREFARRADOEAE BB 2ENE
hESH M, AT OMS®S o 1 Table 7 In vivo crude protein degradation Kkinetic

characteristics of different morphological fractions

au’ﬁ%E%E*ﬁ%,ﬁﬁljj bDMiFH b(f}ﬂ”%ﬁ%ﬁ*ﬁj&%

. R . I [ Ttem acp (%) b (%) cep (Y%+h™)  EDep (%)
A, HOMEESED AR R FIEMIXKLER, i CP

P X . M H Leafblade  36.0d 41.7a 0. 0300b 59. 2b
ARG o Ml ace (LI EDe i85 25 SRR L 15 M4 Leal sheath 43, 2¢ 28. 2b 0. 0330b 59. 3b
b TN R B FIEM KRR, BB SES 5 FEM SFF Stem 68. 0a 9.8d 0. 0588a 74.7a
B SR e 5 HLE B R AL, i NDF & L} Husk 60.3b  23.0c 0.0373b 73.6a
ADF 58 37 [t 51 1 24 S 800 8] 0 A0 2 v ARG , A 4> SEM 104 104 0. 0028 0-75

P{EP value sk sokok sk sk

5 EDypy S b B ARG K AR

RS MBBINFESHSERMSENEXRY

Table 8 Pearson correlation coefficients between degradation kinetic characteristics and chemical composition (r2=40)

i [ Ttem A b Com EDyy ap bep Cep ED.,
A #LJF Organic matter 0.668%#%  —0, 473%* 0.036 0.470%% 0,788k —(. 691+ 0. 430%* 0. 776%%*
KLZE 11 Crude protein —0.616%%*  0.663** —0.124 —0.271  —0.596%%*  0.677+*%* —0.329%  —0.454%*
% Phosphorus —0.482%* 0. 601#** 0.085 —0.064  —0.393* 0.592%#%  —0.488*%* —0.187
PPk S 4 4E Neutral detergent fiber  —0. 211 —0.115 0.001  —0.383% 0.115 —0.139 —0.088 0.048
T2 1 Uk VR 27 4k Acid detergent fiber 0.124 —0. 360 —0.109 —0.202 0.116 —0.328 0.255 —0.077

3 it
3.1 A F R

B IR A E 0 B sh 1 S 8O T DR E SR AR R 1 B R a (AR R IR O B 1 R A R
(SRR AT PE TR A3 ) L b (AR ZEAS T 3538 43 04 W R f 3 4317 0 ok o Ik 8 R 2R FF S5 A6 1 400 5 1 (L I 880 52 1) 386
77 05 184 T & 5 D) S 3 AR T A8 5 43 ) o (D) 5 R AT B A B2 T B A I 0 ST 4 1t 3 B AR AT A
oo BT, E KR I 2 5 3 R MR B 25 FF A0 A 34 T 253 7 KL 25 1 A0 0 3ol % ik 38 4, O 4 v o 5 A 3 6 4L
AR P AR PR R A A 4, 33X % T i A R (884 o, o R IR 2SR (A ) ST v T S A e s A N B
W RS B N 3 8 1B 3 (1

17T X 25 JE A5 B 4 J5 B KL B 11 19 A AR ik 3, bR 1 R ALzl s P 40 BV @ D) e o B B8] 14 5% i [
A, 37 A AT P 30 v T R A R 43 T o B 8 4 B i RD okt G i i A B 38 i AR AR R A 5 a (R AR IR IR R S 4 — B,
U A B S i o B e SRR R A T A AR R ORI R e R R AR v A AL Y ED A 7 0
WA B IR (R 2 A3 3) , 3X ] BB 5 A I 05 7E FL 2 T4 T 1) @ 0 (AR B 8 3 T 0T 5C (3R 3) o IR,
Fr  ZEFT B 4 3 AHL 1 B A A% e i S A 85 /N (R 53R 6) , L AT BE 5 33 LA AL @ b (1 I I i) S K
AR AL, B AR A /N 56 o FE FLBYI A 20, ok e R ZE AT A B RS FR 0 B S 80 %6 A b i AL i
S A 7 4 B RS T L 14 60 %6 A2 AT, ) st 19 A o 220 0 1) 3 R A AR A DL O AR AT AL S e AT | 25 25 L ik
K B T R T S bk KRS AT T IO R ORE B R T A A A R 1 5 e R /N {E R B 4 B v R R 04 R R A
B RE o BN SRR B 958 T K i R R 3[R B UY ( FOR AT RLFLER AE 1/2.3/4 A4/A B FEFFE R ERN
F 5% & B, 9 5 K NDF T8 £ 580 B a2 18] ) #E RS 007 5 38 B AIK . TT 12 5% e 45 i 938 6 K il R OAS TRl i 3K
RS FF S JRTE AL SR B 98 & B0, LT 4 0 8 Ak R A 3/4 FLER I fe i o AR 5T P RS FF 24 B A8 0 FL Y 5
B DM K CP A R A 56 25 5 AN 35, vl BB J2: Al 5 18 8 1 15 ) 11 485
3.2 ERGAG YA

FERTARLE FR 9 T B AR M DT A v, S 0 Sl R i 40 AN A AR AR . 5 K R ] I R AL DM AL
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Rof i 23R DA e T R K i, DA T K SR A, JH At 0 8 3 22 1), 3 ] BB 5 il T K AR A B U AR B
(PR SR PE L A 56, 1B SR W98 R I, o il SRS AT A 4/4 FLR W R IR B 3 gt 29 D B E e ik AT . i
B ROk AR TR e e R S ), . BT AR R B R RS AR A R e T R
Ko R F I BE A, 5 A SR E T A AL R R 25 AN R L X EEFE A A, T S ED 4y B LR
TR I T R A v, Al R () D0 2 S O I 3, 3 3R BH T R OK S R 5 5E T R R ORR L T B Y B R
2R 15 150 R A I SO R R OK

5A™ b B oML AR (1 R S 2 SR Y TC B 2 R R LR (L EL A ALY B AR R . X
I 888 R I AT, 5 A4 o Bl TR B P A 0 A i 2R 0 LA v il R A R e, 3 3 R R K ) T At % B 2 T 3 T
il 55 e T B OR AR BN AR B WA B e A R O T ZE AT A I LORE K S e e R ORI AL, R
KW T Il R K

LR E K S AN AS [R] A7 T4 0T 55 R B 1 ) R i 5 55 RT RR A  EL R OR RS FE R A R R A s W
PR JTRL AR RE SR 5 o A 2L BT A S T R T KRS AT IR R S R R SR A T R R ORFE AR T LU R A
Bl B LU AL S SRR RE 2 0 T T AR SR .
3.3 RABESHLN IR

H Rk T KRS AT A F7 o TR 5 0 FH A 85 A5 0 A5 A 0 2L A L 1) B 5 M A 2 DD AR G A S TR B 25358 46z [7]
AW o KoM B R A 20 1 2 S8 3 25 5 B ZEFF IR AL DM Y CP 1 a {8 W 25 8 T AR A7, i & (A ) b 3%
T AR AL, 35X A] e 5 25 FF 78 5 2 S A T 0 A LA BRI A B RO AR A DG (R 1) TS AT CP B Y
HR SRR M CP W afd, Mixt o {EA (R UEEH (£8) . /45t Rk B4R R AN BRI K™= &
A8h B =SB SWEHEA T EAERERMEKR, FEADIEEIMA P 0 RO HEA o[BS 08 R
T T H Al 3 A FRA A o (E K T o fE, FEBIRAEZEFF IR o (6 5 3 = T o8 o 08 MR 25 7 2L 20 sl s 2 B i 3k
BRI RS FF o ) 2 A FF 2R FF 07 A AL 2R 19 P BB R R e R 1 b R A

AN ZERT R AL T B ED A R 52 % ~56% , CP B ED B AE 70% LA b, 1 i - K - 5 38 2 ) i A
EDAA N 50% 2247 ,CP W ED{H A 60% LAF L 33X /R % 25 FF B A X it F Bt 4 B 58 s 1 9 B T4 i B
RS MIZARLL T2 R, v R 5 8 1) A A i e v 1 A 2R . il e S Y R L, A 48 hik
AT 0T AR R R T R ERE R R R R AN S A — B, T BB X BB 5 b R ORFE AT IR AR A
FE SR AR, T S BOE AR B AR R ERA XL WAFR LI DM A MEHEREANMUG ALY & &2
A OGS RL A A B G A I S O G . Tang 450N BK 2 3% Al Y 5 Bl T K A Bl g BB RS FE R AL
M ZERF S A AR A A K B Y 45 L DA B Tang 255t 47 24K Al i 5 Fh R OK SR LB 5 0 U0 RS A
J B ZEFF R R S R R SE A5 R SR, A AR AR S A L A R A DA i A e, IR 2 SR AR R
ZEFF. AWFTESE RS HOR 54— 3, HE R AT B2 A AT 58 45 SRS RE 58 4 I ML N IR o 45 51, = T B ) CP
AR R E S AR EE, SR AR RGN R B SA —ENES . ERIME NI 45 R4 BoR
A P B A R 0 T ) 5T B R AR A AR A R D R R AL T AR

4 Fig

TE W85 Y Z BT, 54 Al Bl BORFE AT I Jr (8 25 AT A W 5 B i R R i R A A R R R
Wit 2 388 T 113 149 0B AT b 7T T T i 8 70 U i i 228 1) ) S T o ) I S i 2R S 2 R A A T 4 o %
- S8R REL AT R AR 3 ORI R T R AT LA 5l o KA B B i 4 RO R R AR R . AL
ZERT AR 1y o 5 R P PR A i L 191) e A A A AR S I e B ot A7 B e

% % 3Tk References:

[1] Tolera A, Sundstel F. Morphological fractions of maize stover harvested at different stages of grain maturity and nutritive value of

different fractions of the stover. Animal Feed Science and Technology, 1999, 81(1/2): 1—16.



%31 B 10 Fll2F i 2022 4F 187

(2]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[20]

[21]

[22]

Tang S, Tan Z, Zhou C, er al. A comparison of in vitro fermentation characteristics of different botanical fractions of mature
maize stover. Journal of Animal and Feed Sciences, 2006, 15(3): 505—515.
Tolera A, Sundstul F, Said A N. The effect of stage of maturity on yield and quality of maize grain and stover. Animal Feed
Science and Technology, 1998, 75(2): 157—168.
Pordesimo L. O, Hames B R, Sokhansanj S, ez a/. Variation in corn stover composition and energy content with crop maturity.
Biomass and Bioenergy, 2005, 28(4): 366—374.
Tolera A, Berg T, Sundstpl F. The effect of variety on maize grain and crop residue yield and nutritive value of the stover.
Animal Feed Science and Technology, 1999, 79(3): 165—177.
Ettle T, Schwarz F J. Effect of maize variety harvested at different maturity stages on feeding value and performance of dairy
cows. Animal Research, 2003, 52(4): 337— 349.
Oba M, Allen M S. Effects of brown midrib 3 mutation in corn silage on dry matter intake and productivity of high yielding dairy
cows. Journal of Dairy Science, 1999, 82(1): 135—142.
Tjardes K E, Buskirk D D, Allen M' S, ez al. Brown midrib-3 corn silage improves digestion but not performance of growing beef
steers. Journal of Animal Science, 2000, 78(11): 2957— 2965.
Atwell D G, Jaster E H, Moore K J, e al. Evaluation of high oil corn and corn silage for lactating cowsl. Journal of Dairy
Science, 1988, 71(10): 2689—2698.
Mustafa A F, Hassanat F, Berthiaume R R. In situ forestomach and intestineal nutrient digestibilities of sweet corn residues.
Animal Feed Science and Technology, 2004, 114(1/4): 287—293.
Zhang L. Y. Feed analysis and feed quality detection technology. Beijing: China Agricultural University Press, 2003.
ST . AR AT S ARDRE B AR I AR L bt R EROE R A R, 2003.
Hall B M, Pell N A, Chase E L. Characteristics of neutral detergent-soluble fiber fermentation by mixed ruminal microbes.
Animal Feed Science and Technology, 1998, 70(1/2): 23— 39.
Tang S X, Sheng L X, Tan Z L, ez al. Morphological fractions and in vitro fermentation characteristics of five endosperm types
maize stover harvested at two maturity stages. Journal of Animal and Feed Sciences, 2009, 18(3): 582—598.
Qrskov E R, McDonald 1. The estimation of protein degradability in the rumen from incubation measurements weighted
according to rate of passage. Journal of Agriculture Science, 1979, 92(2): 499—503.
McDonald T M. A revised model for the estimation of protein degradability in the rumen. Journal of Agriculture Science, 1981,
96(1): 251—252.
Alderman G, Cottrill B R. Energy and protein requirements of ruminants: An advisory manual prepared by the AFRC Technical
Committee on Responses to Nutrients. Wallingford: CAB International, 1993: 55.
Tan Z 1.. Effects of different carbohydrate and nitrogen source ratios in sheep diet on fiber digestion kinetics and its combined
effect evaluation model. Huhhot: Inner Mongolia Agricultural University, 1998.
SR 20 R S [l e K AL & 0 0 IR LE 6] 2 24 90 T30 1 A0 8l 0 2 B85 e e LA 5 BN I A RS E 5 . R AT R
S Al K2, 1998.
Wu X P, WuZ, Ding J, et al. Effect of different harvesting time and heights on nutritional components and digestibility of corn
stalk. China Feed, 2018, 4: 35—59.
BN, GG, T AL A RS S TR] R g X R A AT IR O A AR B e L [ AR, 2018, 42 35— 39.
Yan G L, Mu X M, Tian S F, er a/. Comparison in straw nutritional value of Xunqing 938 corn variety harvested in different
periods. Feed Research, 2015, 38(9): 61—63.
FSte, AW, B, AF L KT 938 TOK M RS RO IR AT B SR (B RY EL . BRDRHIESE L 2015, 38(9): 61—63.
Yan G L. Study on crop factors affecting the nutritional value of straw and the effect of compound chemical treatment. Beijing:
China Agricultural University, 2005.
F Sl . MRS AT E SR E AR 2 R R K S A A B RO AT AT . e s hE RO R, 2005,
Xue HF, Ren L P, Meng Q X. In vitro fermentation kinetic analysis of the carbohydrate fractions in various types of corn
stalks. Acta Veterinaria et Zootechnica Sinica, 2010, 41(9): 1117—1125.
BELLAN, AR08, o DO . O () KA AT 28 A i K AL & W0 L 0 AR Oh e e sl 25 00 A . & O BE 27 4R, 2010, 41(9) 2 1117 —
1125.
Tang S X, Jiang H L, Zhou C S, et al. Effects of different forage species on in vitro gas production characteristics. Acta
Prataculturae Sinica, 2005, 14(3): 72—77.



188

ACTA PRATACULTURAE SINICA (2022) Vol. 31,No. 10

[23]

[24]

G Wy, MR, SRR AR S [ R G PR A S B SRR KR A . R A AR, 2005, 14(3): 72— 77.

Li H Y. Study on nutritional value evaluation of corn straw and its fermented feed. Harbin: Northeast Agricultural University,
2014.

LT RORREFFE SR E TP E MR B R D5 . MR ARAEAROE R, 2014,

Liu HY, Wang X F, Wang Y J, ez a/. Comparison of nutrient composition, in vitro digestibility and available energy of
different fractions of corn stalk. Animal Husbandry &. Veterinary Medicine, 2019, 51(2): 22—25.

XWgH, EF K, EEN, . FORFEAT R M ALE I5 o AN AR MARE R LR . B S B EE, 2019, 51(2)
22—25.

Tang S X, Gan J, Sheng L. X, er a/. Morphological fractions, chemical composition and in vitro fermentation characteristics of
maize stover of five genotypes. Animal, 2008, 2(12): 1772—1779.



