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Effects of Biochar Combined with Manure on Growth and Quality of Silage
Maize

YU Li-hong, YU Yi-ze, DAO Ji-cao, LONG Si, RAN Shu-qi, LT Han-yu, XU Yue-fei'
(College of Grassland Agriculture, Northwest A&.F University, Yangling, Shaanxi Province 712100, China)

Abstract: To investigate the effects of biochar and manure on the growth and nutritional quality of silage maize
(Zea mays) , the experiment was conducted to determine the agronomic traits of silage maize at different growth
stages, yield and nutritional quality by setting up 8 fertilization treatments of single or combined application of bio-
char, manure and inorganic fertilizer with no fertilization (CK) as the control. The results showed that biochar and
manure could promote the growth of silage maize and improved its nutritional quality, and the combined applica-
tion of biochar and manure was more effective than single application. Compared with no fertilization (CK), single
application of biochar (B) increased the fresh and hay forage yield of silage maize by 33.5% and 29. 7% (P<<
0.05), respectively. Under the condition of no chemical fertilizer, the content of ether extract, relative feeding
value, total potassium and zinc in biochar combined with manure (BM) treatment was the highest, and the total
phosphorus content of plants was significantly increased, while the neutral detergent fiber was reduced by 20. 5%
(P<C0.05). Under the condition of applying inorganic fertilizer, compared with the treatment of applying inor-
ganic fertilizer (F) alone, the fresh forage yield, hay forage yield and zinc content of biochar combined with manure
(BMF) treatment were the highest, and the acid detergent fiber decreased by 9. 6 % (P<Z0. 05). In summary, bio-
char combined with manure can significantly improve the production performance of silage maize, and provides
theoretical guidance for promoting forage yield increase and farmland improvement in arid and semiarid areas.
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Fig.1 Daily precipitation and temperature during the growth
period of silage maize
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Table 1  Test treatment
THLIE AU H ) I

JbFE Treatment Inorganic fertilizer/(kg-hm ?)  Manure/(kg-hm *)  Biochar/

N P,0. KO N PO, KO (thm®
A CCK) No fertilizer 0 0 0 0 0 0 0
W) 5% (B) Biochar 0 0 0 0 0 0 20
A HLAL (M) Manure 0 0 0 170 115 78 0
Wi+ A HLIE(BMD Biochar+Manure 0 0 0 170 115 78 20
JEHLAL (F) Inorganic fertilizer 170 90 60 0 0 0 0
W) s+ TEHLIE (BF) Biochar+ Inorganic fertilizer 170 90 60 0 0 0 20
HHLIE + AL (MF) Manure + Inorganic fertilizer 170 90 60 170 115 78 0
AW B AT HLIE + EAHLIE (BMF) Biochar+Manure+ Inorganic fertilizer 170 90 60 170 115 78 20

1.3 MEEIREF*E 0.05) o i HI % 1k Origin 2017 2 [&] , [8] 3 vh 45 3 LA

A 2RI R Ay B AE R IS A 9 HD LR
W16 5 HD FLACK (7 H 25 HDOBEHLE R
P — 1 I R R AR, DU LR S Cem) L R 8K
() K Cem) 55 Cem) |, (RIS, 45 PR £ 38 5 - 4
L 52 M A SPAD {H (SPAD-502) ; FL 24K ] 43
AN 7N BRI 000 7 ff

IR B E T HLSO,-HL0, 0 &, B
Ty W bb € 75 D A A ) 4 s B B BT LE 68 Rk 4
B 5 KM BE T I 4 B HNO,-HCIO T & s
FH 7 W o3 o o B vk e 5 B8 L4 BE R
s HIESE R s AT CAAS, SEAL, £l B 22 #if
P4, HRE S P A S IR DL R A6 2519 B ML &R
F i HLUIE 5 & 5 3 1B GB/T6433-2006 15 % , %
FH IR 7 1 72 A (SOX606, 111 4< 55 B ) I 5 1 3 ik 9
FE 30~60°C, il 2 L BE 80°C , 4l 42 ] 18] 2 h, Ik vk 15 1]
20 min, T T4 05 18] 20 min, ¥ 218 18] 10 min) ; 5 Jf
W1 (SX-4-10, 1D BB Ak 00 i MUK 43 5 M ok
Vi 28 4 v M U U T A SR R M R U R0 Uk R
BE R R SE , AH X e MR M fH (Relative feeding
value, REVOMRHE F oA X pEA7iHE .

. 120/NDF %

RFV =(88.9 — 0.779 X ADF %) 129

o

1.4 HEFELESSMH

JHl Microsoft Excel 2021 ik 47 J5i 4 %k 4 %% 4,
IBM SPSS Statistics 26 3K {4 X £ 4 1F 25 1 1 5 2
FE Ak AT R 56, B IF A 8 2 Shapiro-Wilk 5 %6
WAL, 05 22 55 R i Levene 80 A5 . R £ IES
PR BTy 22 5% P W) SR JBORH B4 4 mA T A 9 55 U7 v
®OE 5 Bl O 8 W R Jr 22 4r BT (One-way
ANOVA) , I fifi F Duncan’s 3% ¥ 7 2 5 [ 5 (P<<

P I(E AR ER R R
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AFNE T ERAERFRN T (DR
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MF ,BMF) ¥ 1 34 & 1 457 W 75 0 FOoK ks it
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Table 2 Dynamic changes of growth indexes of silage maize under different fertilization treatments
fi 4] fib 7 R 15 AR LSS i SPAD
Time Treatment  Plant height/cm  Number of leaves/>  Leaf length/cm Leaf width/cm

L G| CK 25.07+£0.57" 7.5040.11° 36.07+0.57° 4.404-0.05% 36.43+0.48"
Jointing stage B 24.6240.46" 7.7540.12" 36.22-+0.56° 4.96+0.05" 36.1940.23"
M 27.45+0.68" 8.2540.10° 38.880.79™ 4.434-0.09°¢ 36.29-+0.39"

BM 26.6240.53 8.35+0.23" 38.364-0.81 4.90+0.05" 36.5940.39"

F 24.3540.29° 7.5040.11° 40.5140.79" 4.594-0.12" 38.9240.22°

BF 26.060.63" 8.404-0.18" 36.640.67% 4.624-0.09" 35.88+0.48"

MF 25.690.60" 8.4040.17" 37.2440.67% 4.1740.11¢ 35.5240.41

BMF 29.61+0.37" 8.404-0.13" 43.164-0.58" 4.7940.07% 37.3340.41"

UL CK 98.10+0.82° 16.30+0.10" 78.76+1.54° 8.3940.12 46.4140.22°
Flare opening B 114.4041.20° 16.854-0.23" 78.9341.74° 9.16+0.17" 46.94+0.39"
M 110.0542.09" 16.704-0.22" 82.1141.50"" 8.834-0.13" 47.4640.18"

BM 121.72+1.43° 16.70+0.23" 83.104-1.42% 8.90+0.15% 46.24+0.30°

F 103.06+2.44° 16.354-0.21° 84.20+1.53" 8.4540.10% 46.4940.29"

BF 115.71+£1.62" 16.304-0.23" 79.5741.53" 8.644-0.13"¢ 47.3140.19"

MF 109.524-1.24" 16.454-0.18" 82.2141.32" 8.8840.11" 46.764-0.30"°

BMF 115.6041.62" 16.75+0.25" 84.434-1.33" 9.16+0.13" 46.63+0.21"

FLECR I CK 249.7643.51"° 18.254-0.16™° 89.05+1.06" 9.544-0.03" 50.5320.26"
Late milk stage B 254.3044.24" 18.65+0.11° 92.91+1.07" 10.104-0.11* 49.2740.55"
M 245.384-3.58%¢ 18.454-0.15% 89.08+1.18" 9.7640.16" 51.1740.46"

BM 256.5243.97* 18.504-0.15% 92.3441.06" 9.594-0.13" 47.7540.51"

F 244.4243.19" 18.154-0.18" 86.03+1.16" 8.9940.16° 47.984-0.27"

BE 241.5543.04° 18.504-0.15% 92.1340.45 9.8340.13" 49.134-0.36"

MF 248.0243.78" 18.454-0.17* 89.100.83" 9.434-0.12" 51.4540.32°

BMF 246.6243.60" 17.854-0.08° 87.7440.85 9.424-0.17" 50.8120.54"

T AN R/INE B R AN ) b B R) 22 57 2 35 (P<<0. 05) , R Al

Note: Different lowercase letters indicate significant differences between different treatments (P<<0. 05), the same as below
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U, 5 FAMI, &Y r5A HLUIE & =% B
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Fig.2 Yield of silage maize at late milk stage under different fertilization treatments
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Note: Fresh forage yield (a) and hay forage yield (b) of silage maize at late milk stage under different fertilization treatments
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Fig. 3 Nutrient quality content of silage maize under different fertilization treatments
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Wk 3 v as , us in A W o A HLIE (B, M, BM,
BF ,MF ,BMPF) A #l T 835 H W oK FR 50 & &, R
MRS EE S ULMBE RS EEN SRS
B, M, BM It , jiti [} I HLIE 5 X5 )i 9 BF , MF,
BMF &b 3 i) 3% 438 & it 2 04 5 T 24. 1% ,4.5%
M 11.5% ;5 CKAH I, B, M F1 BM 4b # 4 @ 7 &
gy @ B JF 32.1%, 16.1% A1 31.0% (P<<
0.05) , 4 B & & 7 5 #2 J+ 34.5%, 3.1% A

34.6% , 8% & o W4 T 10.0%, 3. 5% 1 34.4%
(P<20.05), Hirpr, AE W o 5 4 HILJIE BC jits (BMD 4k 2
PAFE KA PSR FE S B, 4008 9. 92 g+ kg !
F129.60 mg-kg s EMH LA &4 T, 5 F 4b 3
FH EG , BF F1 BMF 4b B 5% 43 8¢ & 1 43 42 7+ 7. 3%
1 17.7% ,BMF 4b #3515 B K BE & i 5 oI 02 5 il
FH AL, A= 9 o 5 A LIS BE e (BM, BMEF ) X 45
Y R MESENRIAERTERE . B
SR AR W e 55 A ML RE TC i AE A ) Bl LER RN T R
R RAE A

K3 AREELEENERE®RFSISE

Table 3 Nutrient content of silage maize plants under different fertilization treatments

e 2R e el B il B {73
Treatment Total Nitrogen/ Total phosphorus/ Total potassium/  Calcium/ Magnesium/ Copper/ Zinc/ Iron/
rea
catme (g-kg ™M (g-kg M (g-kg M (g-kg M (g-kg (mg-kg D (mg-kg (mg-kg D
CK 14.1740.18" 1.6840.06° 7.3740.08" 2.6540.03"  2.5740.10"  4.58+0.13" 22.0240.66" 130.07+4.64""
B 13.85+0.25" 2.22+0.08" 9.91+0.13" 2.24+0.09°  2.3740.05*  4.7940.18" 24.23+1.69" 114.96+3.86¢
M 13.60+0.14" 1.95+0.06¢ 7.60+0.04 3.1440.06"  2.6040.15"  4.5440.11* 22.94-0.49" 119.56+3.89"
BM 11.43-0.40¢ 2.200.02" 9.92+0.21" 2.5940.05"  2.4240.02"  4.65+0.09" 29.60+0.62" 132.1346.87"
F 15.1640.24° 2.3240.03" 7.8640.05° 2.4740.069  2.7040.05*°  4.5440.13* 28.0240.60* 117.42+3.63%
BF 14.21+£0.23" 2.0340.04% 9.7140.25° 2.30+0.06%  2.064+0.03°  4.65+0.12" 30.074+0.81" 122.37+3.21"
MF 13.624-0.33" 2.114£0.04" 6.54+0.06° 2.6840.03"  2.6240.03"  4.64+0.13" 23.81+£0.43" 141.91+5.95
BMF 12.36+0.05¢ 2.1640.08"° 8.5840.17" 2.1940.08  2.1640.05%  4.5440.07* 32.9941.02* 116.12+0.60%
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