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Abstract: To investigate the regulatory effects of exogenous ammonium sulfate on the silage quality and hydrogen
cyanide (HCN) degradation of regrowth waxy sorghum [Sorghum bicolor (1..) Moench], a 60-day silage
experiment was conducted with three addition levels of ammonium sulfate (0%, 0.3%, and 0.5% of dry
matter). Fermentation characteristics, nutritional composition, feeding value, and HCN dynamics were con-
tinuously monitored. Principal component analysis (PCA) and redundancy analysis (RDA) were employed for
comprehensive evaluation. The results showed that ammonium sulfate significantly improved both nutritional
quality and silage safety. The 0.5% ammonium sulfate treatment increased crude protein by 12. 3%, while neu-
tral detergent fiber (NDF) and acid detergent fiber (ADF) decreased to 43.82% and 27.60% , respectively.
Lactic and acetic acid concentrations increased by 35.7% and 28.4%, accelerating acidification (pH<4.2
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within 7 days) and suppressing undesirable microorganisms. HCN degradation rate increased by 40% between

7 and 15 days, with final residual content below 170 mg-kg

1

and a degradation rate of 53% after 60 days.

Feeding performance was also enhanced, with relative feed value (RFV) and relative forage quality (RFQ)
reaching 160 and 180, respectively. Overall, ammonium sulfate at 0.4%-0.6% of dry matter effectively

improved silage fermentation, nutritional quality, and safety, meeting the standards for high-quality forage
(RFV>145, HCN<C200 mg-kg ') and providing a scientific basis for developing the “grain-forage dual-purpose”

sorghum production model.
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T 2 (Butyric acid, BA) & & W & & H <A 8 3% 1
(Fuli 979011, #i {1 & J1 20 M2 A BRA 7D, " &K
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A R o SRR AT R B0 AR R A v T, A
W4 35 3 52 800 kg-hm ?, DM 2y 23. 28% ,CP % &+
R T.A5% (R 1. WSC & it (25.20%) F1 EE & i

(7.57%40.17%) 88 R 5 7 K T 2 it 75 /2 & 2 JIK
Y FIRE . NDF & i (43.82%+0.76%) 5 ADF
TR (27.60%+£1.69%) & ik . HCN & i & ik
621.8 mg-kg ', 75 i i T AL B R AR 2 L 4K
ZRE A B IR AR 2O R A I AR R IR Y
LRI RV

®1 BERBRFEREFRMEER

Table 1 Yield and nutritional quality indexes of ratooning waxy sorghum

f6 5 Parameter

#U{d Numerical value

PR Height/cm
Wyt biomass/ (kg+hm ™ %)
FY T Dry matter/ %
M Crude protein/ %
 Phosphorus/ (g-kg )
1 Potassium/ (g-kg ™)

] % M B 7K Ak & 9 Water soluble carbohydrate/ %
HMLE Wi Ether extract/ %
PRV ET 4k Neutral detergent fiber/ %
R PV VR £F 4 Acid detergent fiber/ %
HLK 4y Crude ash/ %

AR HCN/ (mg-kg™)

156.00+12.67
52 80041337
23.28%+0.10
7.45+0.07
1.0140.02
12.5640.24
25.20£1.38
7.57+0.17
43.82£0.76
27.60£1.69
8.64+£0.09
621.84+13.88

2.2 BMBREAEBNBEGERENAEERMAK
18 3% 18 #7% B 4 i

T R e 2 0T 2B KR e B 7 T B A B SR
FAE AR B B FE (% 2), Hd Xt pH, CP, AN,
AN: TN Fl WSC [y 5% i B i 2 (P<<0.001) , % P,
K, NDF #l LA # 5% m g 2 (P<<0.01) , X} ADF #il

HCN 9 52 i) b 35 21 1 35 7K - (P<<0. 05) o K% 77 i
8] # @ 2 m pH, CP,K,WSC,EE,ASH,LA,AA
FTHCN(P<<0. 001, Jf & Z 5 i DM, P fil PA(P<<
0.01). Bil2 % & = 5 5% 97 I 18] 1Y 52 B AE X P &
A B EE(P<0.0D) , % LA & #WA WM
(P<<0.05),

R2 MBEANSTENEONBERESRELARNE N

Table 2 Effects of ammonium sulfate addition and culture time on quality of ratooning waxy sorghum silage

Eizgan Tt R e 2 i (S) IR CT) S
Parameter Ammonium sulfate content(S) Training time (T)
+ ¥ % Dry matter 2.801 5.163" 0.393
pH 23.755™" 80.285™" 2.350
M Crude protein 33.649™ 8.953™" 0.927
% A% Ammoniacal nitrogen 117.303™ 1.076 0.680
A A% B A Ammoniacal nitrogen: TN 94.082™" 0.565 0.926
# Phosphorus 9.073™ 6.478™ 2.755°
A Potassium 6.567" 14.508™ 1.027
Al PR KA A% Water soluble carbohydrate 14.939™ 77.583"" 1.266
HMLE B Ether extract 0.133 10.983™ 0.318
Pk Pk IR £ 4 Neutral detergent fiber 8.708" 2.428 0.907
PR LR 2T 4 Acid detergent fiber 3.135 0.799 0.465
HIJK 43 Crude Ash 0.888 9.035™" 0.186
FLZ Lactic acid 7.364" 58.248™" 3.873"
L TR Acetic acid 1.635 23.305"" 1.421
N2 Propionic acid 0.539 5.1507 0.568
ZIR HON 4.872" 150.658"" 0.426

RS FER BEMKE ., *P<<0. 05,%*P<C0. 01, ***P<0. 001

Note: Asterisks indicate the significance level. *, P<C0. 05; **, P<C0.01; ***; P<Z0.001
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Fig.1 Variation trend of nutrient indexes in silage samples under different treatment conditions
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FESL 218 T W s LA & 76 T A b 35 v 22 B A (] 2
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(P<<0.05),60 K I} 2% 4k B[] 22 2 i — 204 K, R B
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Tt 192 iz Kb 30T P AR v 9 I AR b U R
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KA HZH (CK LN, NOHCN 75 4 84 4 35 76 30 55
IKF(400~500 mg-kg D, A BRI TR E =R ME
H IR A ER  HON St 2 B T REH . 2 15
K, N, Ab BEZH HON & & 356 FE 2 200 mg-kg !
IR, BT CKAL(P<<0.05), iRk 43% , 3
1 T CK(39%0) Al N, (37 %) 41 A B i 30 % 5 30 K it
A AP HON & &8 18 T50E ; 2 45 Rt (60
KL N, HCON & 2 (170 mg-kg D544 5 iz ik 7k
e, B R T CK(195 mg-kg DFIN; (190 mg-kg
H(P<<0.05) . MEEMBECEAER BAF 60
KO N, AP HCON R A 38 85 5 (GA 53000, 0T
CK (47 %) FI N, (44 Y60 4 o X % BH B R 44 Ab 3 (R
SR Ny /K SF) B i 25 (2 #F 35 2ok 72 v HON B R i
A B e 4k
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Fig.2 Variation trend of fermentation indexes in silage samples under different treatment conditions
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treatment conditions
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Fig. 5 Correlation analysis of nutrient indexes fermentation quality indexes and hydrocyanic acid content of
ratooning sorghum silage
TF VB RS TR 35 804 (I ADF  NDF, CP %) 55 857 43 B R B8 I (4 pHL K, PL AN 45 ) 22 ] 1) Pearson A 5C R 40, LT Z R 4
ARSI R . SRR B E MK (#P<C0. 05, +¥P<0. 01, #+*P<C0. 001) , i B4 1 2k iy AR P 8 T U310 A5 4k S 2 454
Note: The heat map shows the Pearson correlation coefficients between plant nutrients (such as ADF, NDF, CP, etc.) and soil nutrients and
environmental factors (such as pH, K, P, AN, etc.), and uses hierarchical clustering to reveal the relationship structure among the variables.
Asterisks indicate the significance level (#*P<C0. 05, **P<C0. 01, ***P<C0.001). The tree diagram at the edge of the matrix is convenient for iden-

tifying the variable clustering structure
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Fig. 6 Principal component analysis and Redundancy analysis of nutritional indicators, fermentation quality indicators and hydro-
gen cyanide content of ratooning sorghum after silage
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Note: The PCA plot shows the clustering relationships of samples processed at different times (7 d, 15d, 30 d, and 60 d). Among them, PC1
explains 98. 83% of the variations, PC2 explains 0. 73% , and altogether explains 99. 56 % of the data variations. The figure shows the explanatory
power of silage quality factors (such as dry matter DM, water-soluble carbon WSC, lactic acid, acetic acid, pH, etc. ) for plant nutritional quality
indicators (such as crude protein CP, crude fat EE, ADF, NDF, WSC, etc. ). RDA1 and RDAZ2 respectively explained 39. 38% and14.32% of
the variations, and the model was significant (R*=0. 4972, P=0.0010)
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