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Abstract: The aim of this study was to investigate the changes in nutritional value of four sorghum varieties of
Hainiu, Big kahuna, Dajiang 3180, and Dajiang 1180 at different stages of development, in the Hexi saline-al-
kali area of Gansu Province. The main nutrient components, in vitro digestibility, and in vitro fermentation
gas production of the four varieties during branching period, jointing stage, and heading stage were determined

by proximate analysis and in wvitro gas production techniques. The results showed that the height and fresh
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weight of the four varieties were significantly different. Furthermore, a significant increase in the height and
fresh weight of the four varieties was observed (P>>0.05). The results also revealed that the fresh weight and
ratio of stems to leaves of Hainiu was the highest, while those of Dajiang 1180 were the lowest with prolonged
harvest. Further, the crude protein content in different parts of the same species was also different, in the order
stem<Cwhole plant<Cleaves. The NDF and ADF decreased significantly (P<C0.05). The NDF and ADF of Hain-
iu and Big kahuna were significantly lower at the jointing and heading stages than those of the other two culti-
vars. The higher NDF and ADF positively affected the relative feeding value. At the same time, the stalks,
leaves, and whole plants of Hainiu and Big kahuna also contained high sugar contents. The gas production,
VFA concentration, and dry matter disappearance rate of Hainiu and Big kahuna was higher than those of the
other two cultivars at 72 h. There were no significant differences in the yield of methane among the four varie-
ties. The results suggest that Hainiu and Big kahuna are the best forage varieties with high nutritional and feed-
ing values. Thus the varieties can be recommended for large-scale planting on dry saline lands of Hexi, Gansu.

Key words: Forage sorghum; growth stage; agronomic trait; biological characteristic; nutritional value; feed-

ing value; in vitro degradation
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Table 1 Agronomic traits of different forage sorghum varieties at different growth stages
2 S AP Cultivar P
H Growth ; K# 3180 KT 1180 spy o EAW mEOCER
Item it KF .. .. h st < e
stage . . Dajiang Dajiang o Growth Cultivar X
stag Hainiu  Big kahuna Cultivar .
3180 1180 stage  Growth stage
BY 1)
JHBE 477.000aA 295.557bB 211.500c¢BC  185.000cC
Branch stage
TV T E .
Fresh weight of o 494.943aA 421.943bB 359.050bB  425.000bB  17.480  0.006 <C0.001 0.633
Jointing stage
single plant/g
EilipESl]
. 725.330aA 662.510aA 618.677aA  567.930aA
Heading stage
BY 1)
ki 5 336.000cA 4 268.800cB 3 735.200cC 3 201.600cD
Branch stage
SRR s
Yield/ o 5 853.590bA 5 077.200bB 4 461.960bC 4 108.720bD 25.287 <C0.001 <<0.001 0.007
_ Jointing stage
(kg + 666.7 m %)
iRl .
. 6 776.240aA 6 483.080aA 5 682.280aB 5 095.880aC
Heading stage
B 1)
b 1.037aA  0.950bA  0.890bA  0.360cB
Branch stage
S -
S
Stem to .. 1.097aA  1.000abAB 1.067aA 0.837bB 0.019 <<0.001 <<0.001 0.024
Jointing stage
leaf ratio
2}
%MJ;@ 1.230aA  1.160aAB  1.200aA 0.980aB
Heading stage
BE 1)
B 1.330bA  1.310cA  1.200cB  0.889¢C
Branch stage
il S
Plant . 1.852aA  1.719bB 1.389bC 1.708bB 0.012 <C0.001 <C0.001 <C0.001
Jointing stage
height/m
2}
A 2.000aAB 2.120aA 1.890aB 2.020aA

Heading stage

[F 47 RE F AR KR &R 25 57 8 2 (P<<0.05) , [F/NG FHREOR [ R R AR RAEE 28 7 8 3% (P<<0.05), T,
Different capital letters within the same row indicate significant difference between varieties at the 0.05 level, and different lowercase letters within

the same column indicate significant difference between different growth stage at the 0.05 level; similarly for the following tables.
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Table 6 In vitro fermentation parameters of different forage sorghum varieties at different growth stages
AR Cultivar P
5H Eoa=R ] — - —
i 4 3180 % 1180 EERTE: XS
N I I sEM g ETW WEOCERM
Item Dajiang Dajiang Growth Cultivar X
stage Hainiu  Big kahuna Cultivar
3180 1180 stage Growth stage
53 BEH
6.850aB 6.840B 6.900A 6.780bC
Branch stage
T 4
72 h pH 6.790bC 6.827CB 6.880A 6.847aAB  0.003 <C0.001 0.522 0.001
Jointing stage
g
6.810abB  6.817B 6.877A 6.830aAB
Heading stage
7 BEW
0.800AB  0.820AB 0.747aB 0.840aA
Branch stage
T 5 R T 4 }
0.757 0.810 0.707ab 0.777b 0.007 0.003  <€0.001 0.872
it DMD/ %  Jointing stage
A
0.727A 0.730A 0.660bB 0.710cA
Heading stage
7 BEH
132.250b  129.750c¢ 130.000 126.500
Branch stage
2hERE
72 h Gas 155.000aA 152.500aA 123.500B 131.500B  1.593 0.001 0.008 0.091
Jointing stage
production/mL
A
154.750aA 144.750bAB 126.250C 141.250B
Heading stage
5 BEH)
13.300aC  13.683C 16.085aA  14.5000aB
Branch stage
NH;-N/ P
13.885aA  12.458B  14.188bA  12.47bB 0.165 0.006  <C0.001 0.023
(mmol « L7')  Jointing stage
il R
11.878b 11.855 12.655¢ 11.78b
Heading stage
5 BEH)
—2.808b —5.060b  —4.163c¢ —3.798
Branch stage
, ]
a —2.285b  —1.90lab —1.902b —3.538 0.313 0.435 <C0.001 0.672
Jointing stage
il B2
0.334aA 0.694aA —0.368aAB —1.803B
Heading stage
73 BEH
147.777b  148.747b 150.133 144.552
Branch stage
, et
b 173.430aA 170.835aA 144.189B 164.520AB 2.138 0.101 0.024 0.403
Jointing stage
EUEE e

Heading stage

164.486abA 152.592bAB 144.945B

153.936 AB
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£ 6
i A Cultivar P
. e _ _
L 4 3180 #1180 HFI M X A F
Growth _— S KH KH SEM . EEW R XAEFM
Item Dajiang Dajiang Growth Cultivar X
stage Hainiu  Big kahuna Cultivar
3180 1180 stage  Growth stage
53 B
0.037b 0.036 0.034 0.035a
Branch stage
, 15
c 0.035b 0.035 0.030 0.026b 0.001 0.001 0.001 0.041
Jointing stage
0.040aAB  0.042A 0.030C 0.039aB
Heading stage
53 BEH
144.969b  143.687c 145.970 140.755
Branch stage
o Hwm )
a—+b 171.146aA 168.935aA 142.287B  160.982AB 1.949 0.050 0.006 0.340
Jointing stage
A 40

164.820abA 153.286bAB 144.577B

Heading stage

152.133AB

a' Fn DB B AR 243 s b R R AR BB AR 2443 5 o R m A R AR AR 43 10 77 SER '+ b R BIg M7 R,

a’ represent rapid degradation of components; b’ represent a slow degradation component; ¢’ represent the gas production rate of the slow degraded

fraction; a’+b' represents the theoretical total gas production.

FXF 72 h PP AR R (P <<0.05){H G HAEH .
72 h P RETESTBEM] 4 AN Rl 2 (8] T i 3 25 (P >
0.05) 4% 17 815 2 B &5, O 155 mL, B & T AHK
3180 FlK M 1180, il Fe 411 g 27 1) )= i AR SR B v » K
#3180 AR (K 6) .

PRNAML RN, TR SR 0—24 h X B A]
NI ZL L AE 24— 72 h haA M & e T %108 i 4
KA PIA it B 43 BE I 1) 7 A3 ol 285 i Ze e 4550 0 Fn il it
WZF R A AR P R AR i AR A TR
#1180 MIKH 3180 =ANHHHAR sh A BfaH T B F
ZE B 1) o T Ak 4 A~ v 5 5 PR S B il 4 53 () B
A E MR B LT A [R]EFE AR — B e 2
SN (P >>0.05) 5 18 3B Al 4 53 (b) £ S s A A &
AR A R AR 349 A S T i AT 5 T (o) 18 I e 3 40 1Y
PR KB R e BEARE ETE, (at ) BRI R
PR MRS TR BRIR (R 6).

72 h W T AR A B A R B TR 4 BE Y
KW 1180 T Wy Jot o fifk % 5 965 4= ALK R T 1 35 25 5%
(P>>0.05) HE K% 3180 £ 573 8 %, HiE M R i =
IKF| 8495, f Al K% 3180, K 75 % 5 4k T KR 10
e fitp R B v eI S R 3180 A A K% 3180 5 1
il 3 A4S F R 25 5 B3 (P <<0.05) (% 6), 72 h % B W)

ABRBEE 4B WA RIS, /B 3180 &
AR 0 TR R A B9 I R A 2 2
KA 3180 ZAAME =, fh AP XF 72 h B H IR A S A L
M (P >>0.05) , 4 & WAL Fh 0 2 S AR W E
B 22 B AR (P <<0.05) , [ if A= 75 30t % i 25 52 i 4
TR (P<0.00D),

72 h R E WS R ENRDITR S pH 1) AR 1L
1E G5 R 76 43 BEIH 2R % 5 e | o K 1180, 35 #
32.27 mmol « L', 5 HAth 5y Fp 2 18] 22 5 B % (P <
0.05) sk TN oK m, K5 KRR ¥ 2%
S fHER% 1180 MR % 3180 A 2 % % &7 (P <
0.05) ; il 7 M 4K 4R J2 ¥ 2F & R e R » K 3180 i
K. ZFWX MR ERW(P>0.05 ., NKH
e E 3 BE TR AR T I R KR R il R AR T
W2 & B, 14,15 mmol « L™, H 5 A =4~ i
Bl A R 2 5. K% 3180 & K. A 10. 89
mmol « L', A& F W 5 RN R A B E
(P<C0.05) , [ B A= 11 il xsd 7 2 A A0 b 35 1Y) 58
HAEH (P<<0.001),

A A SRR R BE B A 2R T I 00 2E D R R T B ]
EOR IRt i A iU = Wi R =L N
(K 3,
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—— 5BE}Y] Branch stage —&— il f#}1] Heading stage

- - B - 553 Jointing stage

160 r 180
140 84 Hainiu 160 F AFBig Kahuna =
— 140
TE] 120 El
= =120 [
4.9 100 | mE_lQ
Rs 15 100 |
r2 st rs
18 A8 80
& 60 o
%) o 60
< <
O 40 &) 40 F
20 F 20 F
0 . . . , 0 ,
2 24 48 72
160 160
140 | K23180 140 | K180
Dajiang 3180 Dajiang 1180 & _..--
'—81120 - T =120
£100 £ 10
I = L
b= 2
rs sor T2 8Ff
e LS
S 60 8 60F
g 2
O 40 O 40
20 F 20
0 A A A ) \ A . )
2 24 48 72 0 2 24 48 72
B85 37 5 (8] Incubation time/h K% 7RI [A] Incubation time/h
B1 AEEEHARAASREMRBEFSEITEN
Fig. 1 Dydamics of in vitro gas production for different forage sorghum
varieties in different growth stages
[ /> 8244 Branch stage (mE s Jointing stage W #7#3 Heading stage
35 . . 35
0k &4 Hainiu a a 30k AFBig Kahuna a
P a b ab
=) b = 5r |
£l £ ot
5 c %
R I5F od RI5T
iig q de i
L c -
10 . 10 of de d
il | 1 4an (00
12 24 48 72 12 24 48 72
35 35
| K223180 a ab | K&1180 a
30T Dajiang 3180 be 30T Dajiang 1180 ab b
»él Br d ,_E1 25t cd d cd
E«ZO - . EZO -
O O
K15 RI5F
B £ i
I g L
10 . " 10 ef € €
=l . . . 1O . . .
12 24 48 72 12 24 48 72

R 5% 37 ) ] Incubation time/h KR35 77 [l Incubation time/h
B2 AEAEEHARAAGREMEIEBRERFSENSTH

Fig. 2 Dydamics change of in vitro methane production for different forage sorghum

varieties in different growth stages
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O 4> BE#H Branch stage I 58 Jointing stage W $ih7#3] Heading stage
07 1 0771 ,
&4 Hainiu K+Big Kahuna

06 f 0.6 | JI:- a

0.5 a 0.5
E £
< 04 r < 04
= : E :
T o3 T 03}
W ¢ W

0.2 ﬂ 02

d d d < c c c
0.1 de d ge de de 01 F c . . . c
0 min! D] Diwin] DR el Afe . S0R
12 24 48 72 12 24 48 72
07r 071
L K#3180 I K21180

0.6 Dajiang 3180 0.6 Dajiang 1180

0.5F 05
= a @ =
E 04} 2 £ 04
jas jani
T oo03f b Co3f
W W

02F 02F

0.1} c c coc ¢ 0.1r

C ¢
0.0 L |*| M |*|i.._' 0.0
12 24 48 72 2o A 8 72
S W EE F2 I ] Tncubation time/h R B8 FET (] Incubation time/h
E3 AREFHARAASREMEIEABESHEEN
Fig. 3 Dydamics change of in vitro hydrogen production for different forage sorghum
varieties in different growth stages
3 e XD 5 5 R G A0 T AR g S i B S A SR W) G
W

3.1 ANV g R PR 5 2 & SR

ARHIFGE K B AR b b o] o 3 45 A B WA Sk
RUL R E SRy A — i 22 5 18 4 i Fh B e 7E A 4
A B B B B T A 3 A SR B bk e 2R
I B DL B i 57 g TR 1180 it b 28 PR 45 A 55 3
ZENFHOBR TR 1180 #E 1 LATR L HoAl 3 A4~ i Bl £ il
WA 1.2 A4, 50 W8 i 18 B ik 4,35 R AF
A AT RE Y B AR e SR A Ty 2 D R R A 2 A
Ko FBPRAR AR HE N S AL S SRR 5T TS [ R A
05 R X 2 A8 v e A A L T B R I R T 45 SR R
AN TR) FA 2 B R SR MR L ZE I L N bR T TR
BERUHEREER,

) e S ZE R R A R R 43 BB A B Y
WEEREE THRBES . XS WeaverV B HFF A .
HLIR 43 &5 i N Bt 156 WA B 5 A4 & W A 4tk 25 FF IR
B 0 25 8 A0 4 o AR R 43 o L AR . AR B 5T
H4 AN SRR I ZEFFRLER (AR Ak R B 5 0 6 A5 ik E A
FEA S FE 5T BEIT L 45 B il FH 1m0 S 25 FF 16 R B 1 5 5
Ve AR B 5 A4 B A MR LS AT RLER (A B A

N DO L B 57 Sl DS - A e T A S =
TRV RERARAR S . WAEBWORE M L F
HE R R AT ARG 0, R B BRI L 3E O PERRAR , 3 i B
ROR A S BRAR R 1 T T Ak T4 5 R R A B
2 ST FORE X AN B R A . DA R SRS [ AL
T AR , 25 AT SIS RIS BT st 5
SRR T B AR 5 A BT AL & i NDF
M ADF & s 48 47 A .

R ORI o — I B AR A A ST R
25 A bk WSC ¥BE % AR I 0 4 W T i e
i WSC 2 TR LTS, e s R/hRAR
EF >R X 52 EES B sk B,
PRR SR 4 DA A R, AR
T, SRR TP A BT B R o 2 0 I R R AR A R
{H R4 B AR sl 5 V0, e L R A T 1
SR 224 Sl 0 1 T Ak SR AT AT 20 0 vy 2 = P g
ARBEFEH A A FP TSR R R AR R T S Y
8T 2% X UL H AR &% 3 7= A A F B §2 0
3.2 AFIINE S RS & A S K S 8L

Clark %V BE5E 48 L 8 B AR 9906 M 5 i 5
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MEBHAIY S EZEIEL., AT .72 h BR
AR FOR R G AR F W e T R AL, R 3180 M
S SRR S ThE R 1180 B THis . AR UL 4
AR RSP TR 1180 FIK# 3180,

AN Tl it B4 e S AR AN K 72 h T B R i
SR A B D 0 A 3 3 AR AI X0 TR R S 0 el T R
(08 Ak A 3R a0 AR PR PN AR 4 R R R Bl
10 S5 R S B S HL i R R 2 R A 3R A At
A AR 5 AR E U IR s R 5L

A UM B I e K PR R A A R R T
B W) B BT RS B e . NHL-N R BE i s 3%
FH SR TS 1) B v T L e R A R R P B e i
J ARG L I U 2 R R A M A R AR
HPRASAHE R 11.78~16.09 mmol « L', ¥ 7E
AAAMIE L E (4~35 mmol « L DKW, 72 h
TR VAR A R e B 35 i ) D o S A I A 4 IR A
BT R 3 BE SR BT 1A 2 R OR R B R 3180 A
KAE 1180 i, F AR 4 /> 5 Ff ] JC & 257k 25 5, 7T g
J2 T B 25 R 00 S A R v X 4 45 A M i K
A 425 B AR G D, AT 5 30 CP T fb R B AR L fe &
{75 2 T i NH,-N ok B R,

R4 E T VEA & i ik 9 & 8 H O bk
KA 7= A 1, HL e B 0 22 /0 T A R o I B T
JE W R W 3R A W SOR AR BT L AR S R, R il
T U 25 B R R 7 R 0 v T A 3 A AR R
WA A SR B R, 5 R 1180 FIRK% 3180 A
E 2R B K AR R O B S, R 3180

£ % 3Lk References:

1 s PR TR B 5t 7E 43 BE BT RR 15 0138 5 K sy R0
A T R R B R 3180 FRAK L Ak UL, R B
H#EmE VFA,

TR R T L AR P A e R R S
SR PN T 4 2 43 i R A R, R e HL Bl
Az, DT S 8 R e B K o L FL R HL i R CO, L
AHCH,. 72 h e BE S b K%
3180 =>4 > KK > K% 1180, fH K% 3180, M4 . K
RZE TR E 25 RS> K% 1180> K
>R 3180, {H K 1180 4 KK 22 8] G & 1k
2 S BB K% 1180 > 4F > KR > K% 3180,
KB 11804 K RZE TR E 2%,

4 £ie

i R A B R A R e R MR L R A
KEBMSHIA R EL W, bE LT B0 G
A R R AE AR 2R T EL A A At 7 A R B A X
PR, 25 b B B 9O B 1 ML K oy B AR B
T K% NDF.ADF & & & 2 b b, 76 41 50 19 50 il 72 4
W25 FR R 4 ¥k 9 NDF Rl ADF %5 55 41 B A i Rl
el 45 JHL ) R ) A T ] MR A AE X 5 o s TR R T 4R
MRRZEF M R etk G R OHE R, KRS
WF AR RF 72 h B=R & VFA T8 R

GAFIERE BFEMAFREAERERNEFRNE
AR AR 2O B A A o 5t o L ARG A A H R T v T
R b A
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