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Effects of silage additives on the quality of whole crop maize silage produced from
plants irrigated with livestock wastewater
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Abstract: Whole crop maize (Zea mays) silage is an important source of roughage for ruminant production.
Livestock wastewater contains large amounts of many nutrients required by crops. The aims of this study, therefore,
were to determine whether plants irrigated with livestock wastewater produced better silage than those irrigated with
groundwater, and to determine the effects of different silage additives. Whole-plant silage maize irrigated with
livestock wastewater (W,) or groundwater (W,) were used as raw materials for the following treatments: natural
silage (CK) , silage with added Qingzhubang (A,) , silage with added Xianmu 1152 (A,), and silage with added

Zhuanglemei (A;). After ensilage for 3 and 80 days, the bags were opened and sampled to determine the nutritional
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components and fermentation quality of the silages. It was found that irrigation with livestock wastewater
significantly increased soil available nutrient contents, resulting in a significant decrease in the dry matter content of
silage maize raw materials and a significant increase in the content of crude protein and acid detergent fiber. Livestock
wastewater irrigation and different additives significantly affected the nutritional quality and fermentation quality of
whole crop maize silage, and the effect of the interaction between the two factors was significant. Based on nine
indicators at the early and stable stages of silage fermentation, a grey correlation analysis showed that W A, (silage
maize grown with livestock wastewater and addition of Qingzhubang) was the optimal treatment. In summary,
adding Qingzhubang to whole-plant silage maize grown under livestock wastewater irrigation conditions improved the
silage quality of ‘Fengdan 189’ silage maize after 80 days, yielding superior results compared with natural silage
produced from plants irrigated with groundwater. These findings provide a practical reference for the rational
utilization of livestock wastewater and the screening of suitable silage maize additives.

Key words: livestock wastewater; whole crop maize silage; silage additive; fermentation quality
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Table 1 Maize silage additive strains and production company

TR 0 44 e gLl A7
Name of silage additive Strain Production corporation

I Qingzhubang FHYIFLAE AT Lactiplantibacillus plantarwm P57 FISERHEAE W) B AR A BR S 7] Inner Mongolia Sci-Plus Biotech. Co. , Ltd.
Sefl 1152 Xianmul152 MY FLREAT R L. plantarum 5 e W7 7 A BRZS B Danisco USA Ine
M 4R 3% Zhuanglemei M FUAEAT I A6 IRFLATF 1A L. plantarum, PO 1] i A ic A PR A BRZA ] Sichuan Gaofuji Biological Technology Co. , Ltd

Lactobacillus buchneri

hm *o HAEFP 120 d 5, [5) A SCR 9 o ol 0 P K A B9 35 I8 oK o /N DR P T s BRORE VR ORE B 0 S5 FE A TR G 1

W5 5 7 1 K T R T VR TR Ak T ALK A AL T K JEORE LA SRR I Ol ket R S 3 R OR [ i A
FHICBMF AT HI . KIS AL (£ 2) , BEAL PR 6 N, K3 d P AR I 34N T2, % 18 80 d i A%
YA 3ANE R o S IR A L A5 ZE R K A R O AE 28 08 K B R I PE SRR 1R 7 I K TR R i )
BHER A5 IR A RN 10° cfu-g ' BIRA SR WA AR 300 g TH LR BRN A=
F O #HL(deli No. 14886, 1 [ ) 7E — 85 kPa 244 T , i/ 20 s I8 O . F %9 (20~25 °C) 6 & B 3.80 d J7 JF 48
HORE I 5 HC B 3R L R T o B

®2 KELEEER

Table 2 Test treatment information table

Ik 3 J Sl i
Treatment Treatment method Number

1 TG I K HE R I Ok + H SR I Raw materials under livestock wastewater irrigation were naturally ensiled W,CK
2 FRHH PR K R T I T K -+ 7 I8 Raw materials under livestock wastewater irrigation were ensiled by adding Qingzhubang WA,
3 FRIE K HE TP R OK + 5B 44 1152 Raw materials under livestock wastewater irrigation were ensiled by adding Xianmu1152 WA,
4 FRH K HE TP R K M 4R 9% Raw materials under livestock wastewater irrigation were ensiled by adding Zhuanglemei WA,
5 R K HEIE T P K + A SR 75 P Raw materials under groundwater irrigation were naturally ensiled W,CK
6 R KR T P K + 75 P Raw materials under groundwater irrigation were ensiled by adding Qingzhubang W,A,
7 Hb R KV I IV K 4 5B 4 1152 Raw materials under groundwater irrigation were ensiled by adding Xianmu1152 W,A,
8 R AR T IV T K M 2R 38 Raw materials under groundwater irrigation were ensiled by adding Zhuanglemei WA,

1.4 MEIAirs 7 &
L.4.1 BHERESCRESWE  FEH T ERBGRIN R L AUBORE 2 R E AR PR 0~20 om + 2 T 84T 1 43
AR A 2 . 3 pHAE I 2 R A BR BE 1T OK - £ =2.5:1. 0) s AR M R AR ML T — ik Ok £ =1:1);
2 AR P O DL IR 5 A A0 SR H NaHCO, 12 32 — 41 86 Bt bb (035 5 3200 I 2 >R FH NHLOA ¢ = 8 — K ta ot
B
1.4.2 HIEFRND BT R ERE, DL R IV & B 3.80 d 5 1 IORE & Bk B 1, T 1 I s XU T R A
(BPG-9200AH, "1 [#) N 105 ‘CA4 7 30 min, 65 CHE T 2 HE ,FR T 5 . HHETIFEFob 85 28 0. 25 mm i IR &
Byo)de H oA BB BAL T 00 8 3R AT

T4 % (dry matter, DM) R il GB/T 6435—2014 F 35 W 2" 5 Bl & 1 (crude protein, CP) R A GB/T
6432— 2018 HL FC & AL 2 ; Al % M # (water-soluble carbohydrates, WSC) 5% FH B B2 — BUER o (o 3200 2 1 5 op
P 1 % £F 4 (neutral detergent fiber, NDF) | i 1 ¥t ¥ £F 4 (acid detergent fiber, ADF )43 %2k 1 GB/T 20806 —
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F AR B (DENVER UB-7, 3¢ ) Wl 2 & I RS 48 800 pH "™ 5 A 880 3% 7% (LC-20A, H AR &)
HEA A 54 Shodex RSpark KC-811 48,8 mm X 300 mm; sl AH : 3 mmol- L~ HCIO, & , i # : 1 mL-min';
FEJRL 50 Cs HERER .5 pL; K 2% . DAD, 210 nm, SPD-20A) ] % FL#& (lactic acid, LA ) . Z & (acetic acid, AA) A
fi (propionic acid, PA) 1 T /& (butyric acid, BA) & "' . &2 & (NH,-N) & & % 28 B — USR8 Lo (6 72 Il
FENTUNH,-N i &S A B A (NH-N/TN) B H 3508 R .
1.5 #H#E%t oM

FH Excel 2021 %} %48 #E 479028 i HE . A SPSS 27, 0 844 %8 36 B0 HE AT 20 07 L SR B ST REAS TG 36 43
AT W0 2H i ST REAS 1) JE 35 M R T — MR AR A (general linear model, GLLM) ¥ & % 3,80 d 4= #k & K 75 V7 4]k 1) &
FE I 0 22 W i AT UK 26 05 22 43 AT, 3 25007 A6 4 Y R K R R O S i R b e R SR TR L 9 R Tukey s
TS G B A AT 2 R (P<<0. 05 B 22 53 3% ) o R Origin 2024 8 4F 22 i Bz IR 38h AR G M 0 L, B A
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795 ol YR TR PH K AL B, TR AT 4R AR LR 3. 5 WA EL, W Ab 3 2 B R T R o A SR AR Y
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il

F3  AEEREAKI £EEE M R LR AR 22 0

Table 3 Effects of different irrigation water on soil basic physical and chemical indexes

T K pH K EER X A R A
Irrigation water Water-soluble salt (g-kg ')  Total nitrogen (g-kg ') Available phosphorus (mg-kg ')  Available potassium (mg-kg ')
W, 8.61a 2.21a 1.49a 19. 24a 162. 26a
W, 8. 86a 1.62a 1.05a 13.73b 120. 94b
SEM 0.072 0.210 0.127 1. 269 9.435
P {H P-value 0.060 0.194 0.068 0.001 <20.001

TE: W, FRALEKE W s W, 0 R /KHEE s M S0 R/NE S8R0 22 573 3% (P<C0. 05) s SEM, AR EIR 2. T 1A,
Note: W, livestock wastewater irrigation; W,, groundwater irrigation; Different lowercase letters within a column indicate significant differences (P<C

0.05); SEM, standard error of the mean. The same below.

2.2 R KHEBER O E R RBE R RS 0¥k

5 I K E TR T 3 I K JEUR 7 SR A R UL 4, W AR B R S IR R JEURH DM & B B E LT WL (P<
0.001),CP ADF & 8 &% T W,(P<<0.05) ,NDF \WSC & i L i % 22 57 (P>0.05) .
2.3 FRHABEARBBARMA N ERFETRRDGH A

T R OK k2 5 5 B W 3 d S B R WL AR 5. EWE T K W 3 5 w7 I iRDEL S DM.CP \NDF \WSC
FriE (P<<0.001) ; 7 048 0 #5352 07 DM ,CP \NDF \ADF \WSC & (P<<0. 05) ; 1 — % B9 28 5.AE H 8.2 5 i
NDF \ADF \WSC & # (P<<0.01). ZiGKE, W A HA W AR 5 2 FEAR T FOREF A DM & £ (P<<0.05) , i
FIR—E T CPWSC &&= (P<0.05), A ALK CKAE EKF M DM . CP & & i % F# Ik (P<<0. 05) ,NDF \ADF |
WSC &t i 2 5 (P<C0. 05) ; A ff £ K7 709 NDF & i i 2 5 (P<<0. 05) . W,CK /) DM % & & 2 & T BR
W,ASMA 6 A HE(P<<0.05) . WA I WSC % & B35 = T B W, AN 6 b BE(P<<0.05) .
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Table 4 Effects of different irrigation water on the nutritional components of silage corn raw materials

P K T MEA S ARESVIRE SR 2 1 Uk P 21 4 AR
Irrigation water Dry matter Crude protein Neutral detergent fiber Acid detergent fiber Water-soluble carbohydrate
(DM, % FM) (CP, %DM) (NDF, %DM) (ADF, %DM) (WSC, %DM)
W, 33.58b 10. 05a 47.63a 25.57a 10. 27a
W, 36.27a 8.21b 43.99a 21.02b 9.28a
SEM 0.612 0.436 1. 266 1.170 0.328
PAi P-value <<0.001 0.004 0.169 0. 024 0.144

K5 FERKERMBELFIMAEZLBEIIENERBTLEFRKSBIZME

Table 5 Effects of livestock wastewater irrigation and silage additives on the nutritional components of maize silage after 3 days

of fermentation
T FH K Trrigation water ¥ JIF Silage additive DM (% FM) CP (%DM) NDF (%DM) ADF (%DM) WSC (%DM)

W, CK 32.01cd 8.57a 43.69a 20. 82ab 6. 60c
A, 31.00d 8.12a 41.97ab 19.99b 8.98a
A, 31.25d 8.17a 41.99ab 19. 45be 8. 1lab
A, 31.61cd 8. 46a 42. 33ab 20. 32ab 6.87c

W, CK 35.13a 7.29b 36.75¢ 17. 98¢ 6.87c
A, 33.02bc 7.08b 43.22a 21.75a 7.10bc
A, 33.03bc 7.03b 43.55a 21.8la 7.13bc
A, 33.75ab 7.13b 40.13b 19. 69bc 6. 68¢c

SEM 0.291 0.133 0. 504 0.267 0.178

P{H P-value w <20.001 <<0. 001 <20.001 0.523 <20.001
A 0.001 0. 020 <20.001 0.003 <20.001
W XA 0. 255 0.539 0. 001 <<0. 001 0.002
W, 31.47b 8.33a 42.42a 20. 15a 7.73a
W, 33.73a 7.13b 40.91a 20. 31a 6.95b
CK 33.57a 7.93a 39.53c 19. 40b 6.76b
A, 32.01b 7.60b 42.59ab 20. 87a 8. 04a
A, 32.14b 7.60b 42.93a 20. 63a 7.62a
A, 32.68ab 7.80ab 41.23b 20.0lab 6.77b

VE: WLBEBE K s AL TN s WO A 0 FH KRR I3 5l i 22 EL PR T s Rl

Note: W, irrigation water; A, silage additives; W X A, the interaction between irrigation water and silage additives. The same below.

TP K R 28 0ok % Bt K I 80 d i B R UL 6. W I T K I 3 5 e PR BHE DM.CP \NDF \ADF |
WSC & & (P<<0.001) ; # I 4 0 F) 5 35 % 0 NDF L ADF . WSC & & (P<<0.001) ; T — & 52 HAEH B35 %
NDF . ADF \WSC & (P<<0.001) ., Z&KF W B W, 4 B8 &K T DM NDF \ADF & & (P<<0.05), B3
P2 T CPOWSC & & (P<<0.05) . A, A, A8 CK i £k I NDF \ADF & & & % 2 & (P<<0.05) ; A, )
WSC & BER T CK AMA(P<0.05). WA M WSCEFHEERTHAT I (P<0.05), WABT,
CK Y NDF \ADF & & B F LT A, A, H A,(P<<0.05).

2.4 FhEKEBE AR A R R F KBS RO YR

FIVEOK A BE 3 d G M & BEdE bR WL 7, WEE T K B35 52 W B oK 5 V) pH {E (LA A1 NH,-N 7 &2 (P<<

0.001) 5 7 W74 390 . 25 52 M pHAH LA (AA FI NH-N & 5 (P<<0. 05) 5 1 3% B9 38 AR 5 i pH (. (LA
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Table 6 Effects of livestock wastewater irrigation and silage additives on the nutritional components of maize silage after 80 days

of fermentation
W FF K Trrigation water  FRAI17) Silage additive DM (% FM) CP (%DM) NDF (% DM) ADF (%DM) WSC (%DM)

W, CK 29.65d 8.45a 38. 60cd 19. 74cd 5. 00cd
Ay 29.45d 8. 05a 37.71cd 18. 86¢cd 8.57a
A, 30. 70bed 8. 18a 39. 54cd 19. 70cd 6.94b
A, 29.90cd 8. 36a 39. 85bc 20. 13bc 5.39¢c

W, CK 33.67a 7.04b 37.61d 18. 34d 5. 54c
A, 31. 65abed 7.11b 41.92ab 21.43ab 5.45¢
A, 32.41abc 7.16b 42.23a 21.71a 4. 64d
A, 32.93ab 7.05b 43.02a 21.94a 5. 32cd

SEM 0. 348 0.128 0. 448 0. 285 0.279

PAH P-value w <<0.001 <20. 001 <20. 001 <20. 001 <<0.001
A 0.165 0.442 <20. 001 <20. 001 <<0.001
W XA 0.164 0.087 <20. 001 <20. 001 <20. 001
W, 29.92b 8. 26a 38.87b 19. 60b 6.61a
w, 32.67a 7.09b 41. 20a 20. 86a 5.27c
CK 31.66a 7.74a 38.10c 19. 04c 5.32¢
A, 30.55a 7.58a 39.82b 20. 15b 7.32a
A, 31.56a 7.67a 41.15a 20. 90ab 6.02b
A, 31.41a 7.70a 41.44a 21.04a 5. 36¢

KT FERKERMBELFIMAERBEIIENERETNREERRAZME

Table 7 Effects of livestock wastewater irrigation and silage additives on the fermentation quality of maize silage after 3 days of

fermentation
JE W 17K 1ol pH Il L WK T WER
Irrigation water ~ Silage additive Lactic acid Acetic acid Propionic acid Butyric acid Ammonium nitrogen
(LA, %DM) (AA, %DM) (PA, %DM) (BA, %DM) (NH,-N, % TN)
W, CK 3.77e 8.62a 1. 34a ND ND 3.69a
Al 3.81de 6. 74be 0.39d ND ND 2.90b
A, 3. 7% 7.27ab 0. 54cd ND ND 3.38a
A, 3. 83cde 7.39ab 1. 29a ND ND 3.74a
W, CK 3. 88bed 6. 05bed 0. 68c ND ND 2.44c
A 3.91b 5. 74cd 1.03b ND ND 2. 86b
A, 4.08a 3. 34e 1. 19ab ND ND 2.85b
A, 3.89bc 5.30d 0.75¢ ND ND 2.39¢
SEM 0.020 0.335 0.079 — — 0.104
P{H P-value W <<0.001 0. 001 0.431 — — <<0.001
A <<0.001 0. 001 <<0.001 — — 0.033
W XA <<0.001 0. 001 <<0.001 — — <20.001
W, 3.80b 7.51a 0.89b ND ND 3.43a
w, 3.94a 5.02b 0.90b ND ND 2.63b
CK 3.83b 7.59% 0.95ab ND ND 3.07ab
A, 3.86b 6.24b 0.78¢ ND ND 2.88b
A, 3.94a 5. 30¢ 0. 86bc ND ND 3.12a
A, 3.86b 6. 35b 1. 02a ND ND 3. 06ab

TE: ND, KA — , FoRaE. TR

Note: ND, not detected; —, represents a null value. The same below.
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AAFINH,-N & (P<<0.001). ZiGKAE W AW, B E48 5 T LA NH,-N & & (P<<0. 05) , Ji-fff pH {H 1 & B A%
(P<<0.05); A, i pH A & 7 T CK A, A,(P<<0.05),CK I LA & B &/ T ALA A, (P<<0.05) ,A B AA &
AT CKANA,(P<<0.05) o 2% Ab FHRZH X5 A 46 0 38 Y 12 F T 1R

T K K BE 80 d J& 1 & T8 A UL 3% 8. WEWE FH K % 52w oK 75 A pH {H L LA Rl NH,-N & f# (P<<
0.05) ; B AR 2 & % m pHAE  AA A NH,-N & 5 (P<<0.05) ;1 & W38 B AEH B & 2 pHAE . AA I NH.-
NER(P<0.05). ZEKRE W EW, B EEE T LA NH-NFR(P<0.05);A, A M pHH B FH MK T CKAA,
(P<<0.05), A AA & B K T CKLA, AL (P<<0.05) , H A A9 NH,-N & i 8 Z KT CKLUA, A, (P<<0.05) .
5 A B2 A9 A ARG B T R R TR

RS FRERKEBRMBEIFRMANELEES dEX ERFIL B MR

Table 8 Effects of livestock wastewater irrigation and silage additives on the fermentation quality of maize silage after 80 days of

fermentation
HE IR K Trrigation water  ¥3 i 7) Silage additive pH LA (%DM) AA(%DM) PA(%DM) BA(%DM) NH,-N(%TN)

W, CK 3. 79abc 13. 10a 2.12a ND ND 8. 28a
A 3.88a 11. 97abe 0.65d ND ND 6. 69bc
A, 3.73bc 12. 18ab 0.96¢ ND ND 7. 74ab
Ay 3. 77abc 11. 45abced 1. 90a ND ND 7.93ab

W, CK 3. 84ab 8.78d 1.11c ND ND 5.24d
A, 3. 75abc 9.00d 1.43b ND ND 5.07d
A, 3.72bc 9. 39bed 1. 86a ND ND 5. 85¢cd
A, 3.67¢c 9. 22cd 1. 50b ND ND 5.01d

SEM 0.016 0. 385 0.104 — — 0.327

P{H P-value w 0.030 <0.001 0.122 — — <20.001
A 0.003 0.702 <20.001 — — 0.011
W XA 0.032 0. 346 <0.001 — — 0.034
W, 3.79 12.19a 1. 46b ND ND 7.66a
W, 3.75a 9.12b 1.51b ND ND 5.27b
CK 3.82a 11.37a 1.61ab ND ND 6. 76a
A, 3.82a 10. 19a 1.12¢ ND ND 5.72b
A, 3.72b 10. 78a 1. 50b ND ND 6.79%
A, 3.72b 10. 34a 1.70a ND ND 6.47a

2.5 HIK BT E IR 09 48 K o AT

HEWE FH K RN A Ab BER , T 3 d I 6K 0038 37 8020 0 & T it JBT 9 A 8 B 1Y 2 2% 380 AH G A% 73 A 45 2 DL &
1. DM & &5 CP NH.-N % & &2 I 2 71 A7 5¢ (P<<0. 05) ; CP & & 5 pH {H & & 3 71 A1 5 (P<<0. 05) , 5 LA \NH.-
N& &2 FIEMILE(P<0.01);NDF % # 5 ADF & & 2 B F EMHK(P<L0.01);WSC 2 SAASZERE
FA & (P<<0.05) ;pH 5 LA & it 5 8 3 f M 56 (P<<0. 001) .

T ACRIAS IR b 3T, A T 80 d J5 T K T W27 3% W40 R0 R T it o1 9 48 A 118 B2 2% 380 AH 5GP 43 B 445 2R DL
K2, DM & &5 CP LA NH,-N & & 5 1 3% 756 (P<<0.05) ;CP & 5 LA NH,-N 7 &5 &2 I 3 1E i 5¢ (P<<
0.001) ;NDF & 5 ADF & & 2 @ 3 IE 4156 (P<<0. 001) , 55 pH A &£ 8 3% /A 56 (P<C0.01) ; ADF & & 5 pH A
B EFAMC(P<L0.01);WSCERESAAFEE BEMMIK(P<0.01);LA & & 5 NH-N & & 2 8% EAMX
(P<<0.001).
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Fig. 1
after 3 days of fermentation
*, P<<0.05; **, P<{0.01;**, P<{0.001.DM:F#) 5t Dry matter; CP:#l
1 Crude protein; NDF : H1#: 38 i £F 2k Neutral detergent fiber; ADF : g
P ¥ % 4 4 Acid detergent fiber; WSC: 1] % V£ ¥ Water-soluble
carbohydrate; LA : L& Lactic acid; AA: Z & Acetic acid ; NH,-N: & & &

Ammonium nitrogen. F [i] The same below.

Pearson correlation analysis of maize silage quality
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Fig. 2 Pearson correlation analysis of maize silage quality
after 80 days of fermentation

*, P<C0.05; **, P<C0.01, **=*, P<Z0.001.
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