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Abstract: One-way ANOVA and multiple comparison were conducted by seven leaf quality indexes of
one-year-old Morus alba Linn. seedlings under different biochar combined with base fertilizer treatments,
and effects of different biochar combined with base fertilizer treatments on leaf quality of M. alba seedlings
was comprehensively evaluated by using subordinate function method. The results show that
hemicellulose, lignin, crude protein, and polysaccharide contents of T1 group [ adding 120 g of pig
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manure compost and 1 fertilizer ( containing 3.00 g of urea, 2.25 ¢ of potassium dihydrogen phosphate,
and 1.50 g of potassium chloride) ] increase by 10.92%, 20.68%, 7.61%, and 27.17% respectively
compared with those of CK group (the control, no biochar and base fertilizer). There are significant
differences in leaf quality indexes under different biochar combined with base fertilizer treatments, in
which, hemicellulose content of T2 group (adding 120 g of pig manure compost, 1 fertilizer, and 150 g
of wood charcoal ) is the highest, which increases by 37.77% and 24.21% respectively compared with
that of CK group and T1 group; cellulose content of T4 group (adding 120 g of pig manure compost,
1 fertilizer, and 150 g of bamboo charcoal ) is the highest, which increases by 12.43% and 33.92%
respectively compared with that of CK group and T1 group; lignin, crude protein, and total flavonoids
contents of T3 group (adding 120 g of pig manure compost, 1 fertilizer, and 300 g of wood charcoal ) are
the highest, which increase by 40.89%, 31.48%, and 12.04% respectively compared with those of CK
group, and increase by 16.74% , 22.18% , and 87.77% respectively compared with those of T1 group;
crude fat and polysaccharide contents of T5 group (adding 120 g of pig manure compost, 1 fertilizer, and
300 g of bamboo charcoal ) are the highest, which increase by 24.86% and 60.57% respectively
compared with those of CK group, and increase by 33.42% and 26.26% respectively compared with those
of T1 group. The comprehensive evaluation analysis result shows that the comprehensive evaluation values
of six test biochar combined with base fertilizer treatment groups are 0.37-0.62, which are larger than
those of CK group (0.29) and T1 group (0.28), and that of T3 group is the largest. In comparison, the
average comprehensive evaluation value of the two biochar combined with base fertilizer treatment groups
added with wood charcoal is the largest (0.58), while that of the two biochar combined with base
fertilizer treatment groups added with rice husk charcoal is the smallest (0.43). In summary, different
biochar combined with base fertilizer treatments can obviously improve the leaf quality of M. alba
seedlings, and wood charcoal has the best effect. When planting forage mulberry in Karst area, the
suitable fertilization method is applying 4% ( mass fraction) wood charcoal combined with pig manure
compost and chemical fertilizer.

Key words: Morus alba Linn.; leaf quality; biochar; base fertilizer; comprehensive evaluation
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Table 1 Physicochemical properties of biochar tested

A M 65.81 mg - kg™, HAH &l 26.84
g kg, pH 7.72,

BERIIE R R (N i 46.7%) Wi R — A 4%
(P,0s it 61.7% ) FIEALHR (K,O0 & it 63.2%) 4% |
kL 3.00 : 2.25 : 1.50 f HL IR A1 A ; A HLAE R
DREZEMENE W B BT R YRR BR A A SR
SO 6.85%, HHLIT A it 823 g - kg, A A=
17.1 g - kg™', BB 42.8 ¢ - kg, BB & 8.6
g - kg, pH 8.50,

PR AT 3 B, 530 AR I AT R FIAE 7 %
BIW A % B R AR R R A BR A R 2 I
450 °C ~500 °C , %l B 6] 40 min, 3 FhAE 9 7 09 B
PR W 1,

SIS TERG B RO K2 N B E L Mg (R &
119°14" Jb45 31°59") #47, ZARIGAL TILIRE R %5
TN, B AC T Ry R RSB IX, U 2243 W AR R K
1 104 mm,4E¥iE 15.2 C .,

FnER/( g - kgfl ) Nutrient content

HRMERY (m? - g7)

Bi%hﬁé II—)IH ﬂﬁ T 4y A B R Specific surface
tochar pH value Total Available Available area
Carbon Ash . .
nitrogen phosphorus potassium
A% Wood charcoal 8.89 589 435 13 23.52 2.19 380.83
PT7% Bamboo charcoal 9.05 601 263 18 32.62 2.74 68.93
FE5C ¢ Rice husk charcoal 9.41 463 135 6 21.31 2.54 91.45
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Table 2  Effects of different biochar combined with base fertilizer treatments on leaf quality of Morus alba Linn. seedlings (X+SD)")
HLFYER YR R HEH HLAE 7 SETR ZHE
Jb 3> FhE/(mg-g') EE/(mg-g!) /#E_/(m/: 1) T/ (mg-g") FE/(mg-g') FE/(mg-g!) HE/(mg-g!)
Treatment?’ Hemicellulose Cellulose LE.E‘ Sme 8 Crude protein Crude fat Total flavonoids Polysaccharide
ignin content
content content content content content content
CK 228.35+3.31de 361.89+7.72¢ 93.74+1.10f 93.59+2.17be 40.83+0.65¢cd 5.48+0.14¢ 62.16+0.37f
Tl 253.29+4.69¢ 303.83+2.72¢g 113.13+0.78¢ 100.71+1.58b 38.21+0.76d 3.27+0.03g 79.05+1.79¢d
T2 314.60+4.44a 384.14+5.08b 106.99+3.60d 91.45+0.48bc 42.76+0.66¢ 5.60+0.11¢ 75.14+1.87e
T3 225.03+3.16e 353.64+1.96cd 132.07+1.04a 123.05+6.12a 40.09+0.73cd 6.14+0.04a 77.31£0.36de
T4 223.06+1.56e 406.89+3.63a 122.85+2.32b 98.97+1.44bc 46.88+3.11b 4.79+0.03e 90.01+0.84b
TS 190.58+3.89f 316.31+3.06f 92.20+2.51f 93.68+9.60bc 50.98+0.53a 4.29+0.02f 99.81+0.83a
T6 280.80+3.69b 326.29+0.99¢ 101.88+0.98e 89.08+3.48¢ 37.18+1.32d 5.10+0.12d 92.06+0.17b
T7 234.55+1.43d 345.97+1.81d 116.56+0.96¢ 94.91+1.54be 43.74+2.26bc 5.83+0.07b 81.05+0.69¢
FA{H F value 248.012 157.505 105.478 18.017 11.992 229.660 245.296
P {H P value 0.000 0.000 #* 0.000 #* 0.000 # 3 0.001 s 0.000 5 * 0.000 5

Y &3 iR RS B R R AN A 40 [f] 22 53 . 3 ( P<0.05) Different lowercases in the same column indicate the significant ( P<0.05) difference

among different groups. #* . P<0.01.

2 CK: X HE RIS INA:$ 5 FZEAE The control, no biochar and base fertilizer; T1; #RHIN 120 g JE2EHENLA 1 H3EAE (15 3.00 g JREK 2.25 ¢ BER —
SEFFN1.50 ¢ FALHF ) Adding 120 g of pig manure compost and 1 fertilizer (containing 3.00 g of urea, 2.25 g of potassium dihydrogen phosphate, and
1.50 g of potassium chloride) ; T2 WM 120 g FEFEHEAL |1 4L ACFI 150 ¢ AR 7% Adding 120 g of pig manure compost, 1 fertilizer, and 150 g of wood
charcoal ; T3: WSl 120 g JEFEHEAE (1 3 LAE AT 300 ¢ K 4% Adding 120 g of pig manure compost, 1 fertilizer, and 300 g of wood charcoal; T4 #¥/ill
120 g FEZEHEAD 1 3ALACFN 150 g 7% Adding 120 g of pig manure compost, 1 fertilizer, and 150 g of bamboo charcoal; TS: ¥SHll 120 g ¥ ZEHEAT |
1 O ALACFN 300 ¢ 47 7% Adding 120 g of pig manure compost, 1 fertilizer, and 300 g of bamboo charcoal; T6: ¥/ 120 g FEZEHEAT (1 M LACFN 150 ¢
FE7e % Adding 120 g of pig manure compost, 1 fertilizer, and 150 g of rice husk charcoal; T7: #Sfl 120 g ¥ HEAT 1 1 fLARFI 300 ¢ AT %
Adding 120 g of pig manure compost, 1 fertilizer, and 300 g of rice husk charcoal.

22 AEEMRERELRSESREHMGEMNH &R
EImMSEEENR

BT BRI AR R SRR REGE AT T
AN ) A 9 % Tt e IS A 8 %o S A 4 v o o R R 5%
Wi, 25 R WL 3,

SRR AW e B SN AR B I 255 TR
H50.28~0.62, Hidr T1 ZH{ 7N 120 g 5 ZEHEAL AN
1 ARIE (4255 3.00 g IRE . 2.25 g BEIR — & B A1
1.50 g b5 ) LRGP B 5 /)N (0.28) , CK 41 (X%
TS INA= P e AL ) I 2. (0.29) 5 T3 H VLG
WEMMERAR (0.62) , T4 ZHIRZ (0.61) , T2 ZH (&
120 ¢ FEFEHENE 1 AL AR FI50 g A %) (T3 41 (B

120 gFEFEHEAE |1 (3 ALAEF 300 g ABE) T4 4 (A
120 g FEFEHERE 1 3 fLAR AN 150 g A7 2%) TS 4L (Em
120 ¢ FEFEHERE 1 4L AL AN 300 g A7 4%) \T6 41 (&
120 g JEFEHEAE 1 AL AE AT 150 ¢ RE7E 4% ) Al T7 41
(EIN 120 ¢ FEFEHENE (1 O3ALAEFN 300 ¢ FE5T ) 1)
ZETFMEYI R T CK 408 T1 41, SRR I A 5% |
Wy R RS2 ¢ 18 A 490 e e it 3k S A L 20 S A 40 7 )
W 7t P T AN A ] RE R LA B SR g 2 3 A
R E1E . FRASTTS WS IA 5 14 A5 4 o B it 35
NEALFRZH A 255 PPN E BB B K (0.58) |, T s g 7
T R A B 29 Tt 3 FES Ak 0 26 10 2 D10 (1 2 1 e /)
(0.43)
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Table 3
Linn. seedlings

Comprehensive evaluation on effects of different biochar combined with base fertilizer treatments on leaf quality of Morus alba

AR TR R ISR S PREUE  Subordinate function value of each leaf quality index

) T T ZEITE
1 S = TR NP N = J ) = 93 = = F =) 1 ¥
D e L o RENEE ORISR GMWER g Comprehesie JBT
Treatment Hemicellulose B S Crude protein Crude fat Total flavonoids ~Polysaccharide evaluation Ranking
Cellulose Lignin value
content content content content content
content content
CK 0.30 0.56 0.04 0.13 0.26 0.77 0.00 0.29 7
T1 0.51 0.00 0.52 0.34 0.07 0.00 0.45 0.28 8
T2 1.00 0.78 0.37 0.07 0.40 0.81 0.34 0.54 3
T3 0.28 0.48 1.00 1.00 0.21 1.00 0.40 0.62 1
T4 0.26 1.00 0.77 0.29 0.70 0.53 0.74 0.61 2
T5 0.00 0.12 0.00 0.14 1.00 0.36 1.00 0.37 6
T6 0.73 0.22 0.24 0.00 0.00 0.64 0.79 0.38 5
T7 0.35 0.41 0.61 0.17 0.47 0.89 0.50 0.48 4
V; 1.07 1.07 1.06 1.07 1.08 0.94 1.06
W 0.15 0.15 0.14 0.15 0.15 0.13 0.15

DK, W HE  RTIN A5 FIFEAE The control, no biochar and base fertilizer; T1; #1120 g 5% Z$MENCAN 1 3 ALAL (F27% 3.00 g JRE 2.25 g B2 —
S 1.50 ¢ FALHT) Adding 120 g of pig manure compost and 1 fertilizer (containing 3.00 g of urea, 2.25 g of potassium dihydrogen phosphate, and
1.50 g of potassium chloride) ; T2: ¥#fiI 120 g FEFEHEAL |1 (3 ALIEHN 150 g A S Adding 120 g of pig manure compost, 1 fertilizer, and 150 g of wood
charcoal ; T3: WS 120 g JEFEHEAL |1 f3LAE AT 300 ¢ K% Adding 120 g of pig manure compost, 1 fertilizer, and 300 g of wood charcoal; T4 ¥Rl
120 g FEFEHEAD 1 XALARFN 150 g 77 %% Adding 120 g of pig manure compost, 1 fertilizer, and 150 g of bamboo charcoal; TS: ¥sHll 120 g ¥ ZEHEAT |
1 X ALARFN 300 ¢ 47 %% Adding 120 g of pig manure compost, 1 fertilizer, and 300 g of bamboo charcoal; T6: ¥ 120 g FEZEHEAD .1 M LACFN 150 ¢
FH7e % Adding 120 g of pig manure compost, 1 fertilizer, and 150 g of rice husk charcoal; T7: ¥/l 120 g ¥ HEAT 1 AL AR 300 ¢ FFioe %
Adding 120 g of pig manure compost, 1 fertilizer, and 300 g of rice husk charcoal. V- FrifE 22 25U Coefficient of standard deviation ; W;: A Weight.
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