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Effect of growth stage on the quality of hay and silage of Amaranthus hypochondriacus

MA Jianl’z, SUN Guoqingl’z, Cardela 'Kurbanl, ZHAO Shangshangl, QIU Haoril,
Senbati -Heilimubuick', LI Shengli’, YU Xiong'
(1. College of Animal Science and Technology, Xinjiang Agricultural University, Urumgqi 830052, Xinjiang, China;
2. College of Animal Science and Technology, China Agricultural University, Beijing 100193, China)
Abstract: This experiment was conducted to investigate the effects of growth stage on the quality of Amaranthus
hypochondriacus hay and silage and thus determine the optimum cutting time for A. hypochondriacus. A. hypochondriacus at
the squaring stage, initial bloom stage, full-bloom stage, and mature stage were used as experimental materials to make hay
and silage, and to compare the nutrient composition of hay and silage and the fermentation quality of the silage. The results
were as follows: 1) with the extension of growth stage, the contents of neutral detergent fiber and acid detergent fiber in A.

hypochondriacus hay gradually increased, but the relative feed value decreased; meanwhile, the content of crude protein
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gradually decreased. 2) The pH was less than 4.2 in all silages except squaring stage silage, and the quality of silage in the
squaring stage was poor. Compared with the squaring stage and initial bloom stage, the content of lactic acid in the mature
stage was significantly increased (P < 0.05), but it was not significantly different from that of the full-bloom stage (P > 0.05).
In addition, the content of acetic acid was lowest, and the ammonia nitrogen: total nitrogen ratio was remarkably lower than
that of squaring stage silage. The relative feed value of A. hypochondriacus silage showed a tendency to be gradually reduced
with the extension of growth stage, as did the content of crude protein. In contrast, the contents of neutral detergent fiber and
acid detergent fiber both had an inverse trend. The contents of water soluble carbohydrates and starch in the mature stage

were significantly higher than those in other stages (P < 0.05). It can be concluded that to make hay and silage, it is best to

cut A. hypochondriacus during the mature stage.

Keywords: mowing dates; nutritional ingredient; fermentation quality; crude protein; crude fiber; ammonia nitrogen
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Table 1 Nutrient composition of Amaranthus hypochondriacus material in different growth stages

i H

4K Growing stage

Item

WA HIAEH BAEH Y]

Squaring stage  Initial bloom stage Full-bloom stage

Mature stage

17K 43 Original moisture/%

# 2 H Curde protein(CP)/%

HMEPR IR 4T 4E Neutral detergent fiber(NDF)/%

PR PE PRI 2T 4E Acid detergent fiber(ADF)/%

AT PEIR K1 &P Water soluble carbohydrate (WSC)/%

VEHT Starch/%

89.59 87.79 86.48 82.77
13.74 12.21 11.69 10.28
52.33 52.62 56.86 59.27
32.24 34.38 36.82 40.77
5.29 6.11 6.16 9.06
2.23 2.30 2.01 7.86

HEA PYEYRA . RIMEVEIRA Y. ANAYERRA S PATSER) 25 LT P05 9 S Rl 5

CP, NDF, ADF, WSC, starch were measured based on dry matter.

14 MNEERSHE
14.1 JE Fa R

TEGEURE J5 5 42 HRE [E A b P2 I JRCE VF 28 b
Y PR D 7 I R R AT R I . Ak (0~
14 45)s P (0~2 43) FIJT Kb (0~4 43)3 A J7 i it
TR, JEE RS SN 0~4 0, HER
5~974r, RIFHN10~154r, A 16~207% . XFf
WL 0 T 0 4R RHE BV E 1 [F] I, BE AL BORE A T
WA L) pHY NH3-N A LR 56 K BEfR br o AT
DUHFFRLBE 5 A ARG 205 (dry matter, DM).
¥ 2 [ (crude protein, CP). 14 ¥k ¥ £F 4 (neutral
detergent fiber, NDF). &M ¥k 4F 4E (acid detergent
fiber, ADF). W ¥ 1% ik /K b & %) (water soluble
carbohydrate, WSC) F1 3 #7 (Starch) 5 & 7% B 70 &
i, vF SO AR AR XS A B $8 2L (relative feed value,
RFV).
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Table 2 Nutrient composition of Amaranthus hypochondriacus hay in different growing stages

5 KM Growth stage P
Ttem W HIAE AL J S JSELN att /¢
Squaring stage Initial bloom stage Full-bloom stage Mature stage Total Linear Quadratic
THH DM/% 9221+0.12b  92.48+0.42ab  92.37+0.23ab 92.81+0.15a  0.101 0.021  0.599
HLK Sy Ash/% 2221+ 1.78 17.10 + 0.46b 1632+ 1.44b 15.61+0.71c 0.001  <0.001  0.015
HLE A CP/% 13.57 + 0.39a 12.14 + 0.40b 11.58+0.87b  10.14+£0.12c  <0.001  <0.001  0.987
HE Bk 2T 4 NDF/% 52.13+2.27b 52.42 +1.62b 56.36 = 1.80a  58.87+1.04a 0.004 0.001  0.302
FR MR 2T 4 ADF/% 31.94+£0.56d  34.08 £0.50c 3622+£1.02b  4027+0.16a  <0.001  <0.001  0.033
HH T EHE RS E RFV 11441+589a  110.70+2.88a  100.24+4.45b 9091 +1.58c <0.001  <0.001  0.263

RN PR REREBEP <0.05). #4. 5FH; HEREL.

Different lowercase letters indicate significant differences at the 0.05 level. similarly for Table 4 and Table 5; abbreviation similarly for Table 1.

R3 TEEKHMIFRRETRAMNRETE
Table 3 Sensory evaluation of Amaranthus hypochondriacus
silage in different growing stages

I HI1ESH] HEAE ] A
IiH Item Squaring Initial bloom Full-bloom  Mature
stage stage stage stage
Wk Odor 10 12 14 14
4% Color 1 1 2 2
JFitth Texture 2 2 4 4
PF4) Scores 13 15 20 20
R R i e
Q =]
%l Grade Acceptable Acceptable  Excellent  Excellent

23 fFRREINER A B MR

BE A AR RE K, R RO 7 I 4ADRL Y pH B
W REAR, LA pH ey, B E & T HARE (P <
0.05), FRILE AL, HABAKIHN pH KT 4.2 4).
AR A E AR EER AR E
(P>0.05), W2 T 33 WAL W (P < 0.05).
PItE o B, SMEMERAEZE (P>
0.05), 2 & T B AL A B (P < 0.05), R
W& A% PR A IE e A A
SRR, IENSETEEESELEN TR,
HASMHREHRAM TR, B W H Ik
) NH3-N/TN %5 Bl 24 57 85.52%, R #A A (1) EU B
N, AR IR I 22 A B3 (P> 0.05).

24 MHFRESPEANNETRRS
AR R AR DM SRR E E T
fl it 81 (P < 0.05), WAL AR LI Z R AR # (P

\

~

i B
\Y

0.05)(% 5). CP &M LSMEN, SyIEHm
B ERAEE (P>0.05), SEETHRAWY P<
0.05). BEEAEKIIMILER, K RL05H 15 k1) NDF
RS A, A AR NDF &R
T ELE M (P <0.05), 5ECIAYILEZE R A
23 (P>0.05); &I T AR ADF & & b
EAKMIR KGN, (H%RAEE (P> 0.05).

B E AR WSC FIE M & B, SBEE
T HoAt 3 AN 3 (P < 0.05).
3 i

30 EKEMNIFRRETERRIEMN

5 M) = R O ) R R R O H B 1B IR AR
e, AR DM P Bl A AR K I 2K IR T
I, AHEFRR Y B R B R, Bk, UcEI AR
A I 3 S JA R P R R SR L TR
Z ., WL WU E N B 5 B 85 thm B AE W
39106 thm *, EEAEWIWT I 110 thm *, R0 &k
130 thm *, iX 45 ok 28 261 sk e 2 0 1 0F 9 45 SR 2%
Lo FEARBFH, FFRIETHEE CP & EME LK
HA A 2E K 7 3R W B AR, {2 NDF Ml ADF & & 4 4 F+
=, A NDF & &, XH5AEKHA KL,
BEE A K, AR, XA S, X4
SRR 4. Coblentz 2" B 5t 2 W, 76
16 WX BB 55 R, H DM T E B B E N E e
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Table 4 Fermentation quality of Amaranthus hypochondriacus silage in different growing stages

5iH 4K Growing stage P
Item YL HITEH AL J S SR att —
Squaring stage Initial bloom stage Full-bloom stage Mature stage Total Linear Quadratic
pH 4.65+0.35a 4.01 +0.63b 3.86+0.13b  3.74£0.35b  <0.001  <0.001  0.436
FLFR Lactic acid/% 275+ 1.01b 3.50 £ 0.42b 433+023a 5.13+0.62a  <0.001 <0.001 0233
2 Acetic/% 1.90 + 0.06a 1.95+0.08a 1.64+0.12b  0.99+0.03c  <0.001 0.001  0.017
PR Propionic acid/% 0.02 +0.01 0.01+0.01 - - 0214 0731 0612
TR Butyric acid/% 0.02 +0.01 - - - 0306  0.048  0.393
FLIR/ .18 Lactic/acetic 1.45£0.28¢ 1.79 £ 0.36¢ 264+020b 5.18+0.14a  <0.001 <0.001 0314
AR EE NHy-N/TN/% 9.61 + 0.60a 5.69+2.05b 525+1.63b 5.18+1.06b  <0.001 <0.001  0.249
5 FPRIEKBANITFRRETSIARNERRS
Table 5 Nutrient composition of Amaranthus hypochondriacus silage in different growing stages
5 4K Growing stage P
Item P HITEH REAEIA B RSRUNE.2 —
Squaring stage Initial bloom stage Full-bloom stage Mature stage Total Linear Quadratic

TH1)5 DM/% 13.51£1.99c  15.75+£0.58bc  17.89+£2.34b  21.12+1.15a <0.001 <0.001  0.198
FLE A CP/% 11.14£0.55a  10.59+0.21a 10.39£0.71a 9.49+£0.44b  0.005 <0.001  0.028
FLK Sy Ash/% 22.57+2.66a 16.72+0.37b 1577+0.34b  13.73+£1.57b <0.001 <0.001  0.627
H PRI 4E NDF/% 47.92+1.61b  50.89+£3.04ab  53.59+1.77a  54.16+1.28a <0.001 <0.001  0.361
TR VEDE IR 47 4 ADF/% 3579+178  37.03+1.71 38.17+0.58 38.23+1.22 0237 0.138  0.711
AVETERR K &P WSC/% 207+0.67b  3.12+0.46b 2.38 +0.35b 447+027a <0.001 <0.001  0.004
JER Starch/% 1.64£0.10b  1.65+0.49b 134+£042b  588+02la <0.001 <0.001 <0.001

] Y A0 REL Rk R P S R B, RELARD R A L R R
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FFRL 10 F 5 ¥ REV 18 B %5 25 K 11 18 K 3% 7 B A
X ERBAE R GE R B AR
B DL E F A AR, N B A B B B
) FOHF 3 B3 3 o) - B e i
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BT BOFORL T AR, WREEE B E,
AT CLE 5 AR . AR SR, B R A
FFRE T AT I AR BN R, Bk E R, R
WRIEVR , R R 2 . X AT B B AR K T
FHF L B K BE R R, BRI DU B TR R
{E [ I 22 T BR R B, W2 T ) 5 /K 20 T UK
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