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Abstract: [ Objectives ] The paper investigated the effects of different amounts of biochar on apple growth, soil

physical and chemical properties and nitrogen utilization, which would provide a basis for rational application of

biomass carbon in apple orchards. [ Methods ] Two-year-old apple trees (Malusxdomestica Borkh. ‘Red

Fuji’)/Malushupehensis were used as tested materials and biomass carbon produced by pyrolysis of wood under

400°C was used as fertilizers in a pot experiment. Biochar was applied at rates of 0, 15, 30, 45 and 60 g/kg, which

represented as CK, T1, T2, T3, and T4 in turn. Plant and soil samples were collected to investigate apple growth

and development, the physical and chemical properties of soil, the population of rhizosphere microorganisms and

their effects on nitrogen uptake, utilization and loss using the "°N trace technique. [ Results ] The plant height,
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stem diameter and total dry weight of all the treatments which were added biochar were significantly higher than
those of CK. The root activities of T2, T3 and T4 were significantly higher than those of T1 and CK, but there
were no significant differences between the three treatments. With the increased addition of biomass carbon, soil
bulk density was decreased gradually, the soil bulk density of T3 and T4 were 1.22 and 1.20 g/cm’, respectively,
and the difference between the two treatments was not significant, but the density was significantly higher than
that of CK, T1 and T2. Soil organic matter, alkali hydrolyzable nitrogen, readily available phosphorus, readily
available potassium and rhizosphere soil bacteria, actinomycetes and fungi were highest in the T4 treatment,
followed by the T3 treatment, the difference was not significant, but were significantly higher than other
treatments. Compared with CK, the addition of biochar significantly increased the uptake of fertilizer *N, and the
"N utilization rates of the T4 and T3 treatments were 15.18% and 15.63%, respectively, which were significantly
higher than those of other treatments. The residual rate of soil "N was highest in T4 (38.2%), followed by T3,
and the lowest was T1 (30.0%). The highest nitrogen loss was T1 (58.5%), the lowest was T4 treatment, and the
difference between T4 and T3 was not significant. Through the analysis of plant biomass and nitrogen use
efficiency and biomass carbon dosage, the maximum amount of biomass carbon was in range of 64-55 g/kg.
[ Conclusions ] Biochar application decreased soil bulk density, improved the soil nutrient contents and
rhizosphere soil bacteria, actinomycetes and fungi, apple plant root and shoot growth and absorption of nitrogen
fertilizer, increased the soil nitrogen fixation, reduced nitrogen loss, and improved the utilization rate of
nitrogen fertilizer. Under the condition of this experiment, the suitable biomass carbon amount was 55-64 g/kg.

Key words: biochar; apple; plant growth; soil nutrients; soil microorganisms; nitrogen utilization and loss

SEIRJE TR B — KK SR, 2014 4F h [#3F A4
T FRURI™ 8820500k 227 J7 8 R 4092 T3, 4351 5
H RS AR = 1 50% DL b, SESR L B4 AT
R DA IGO0 . R A R & T
Fei, AR G kA, b ali Uit
HEEIE 400~600 kg/hm, {HJE:, TR SE L 7 b
S 2E, AR S RRAL, RICRE 2,
FEASH 8 2k i FHAS A B T TR B, T FL 53K
TR A A B S RL R AR BRI L KRR E TR
A A GRS L A IR R A BE
FUMEIR, 75 ) 5 ] A S R G R 1
DIReRY 45, Rt B2 3 e e PLak & i,
Ko RIEORACER Ty, MRS AR HRCR, X T
U/ U R A A5 AR B B T 3L

AR RAE W R S AO . AIREE . Re IR
FH A S A RIF G SO AR BRI 48 B A 1 % 14
A AR W A 58 A s o B s RS BT, LR
SRR (< 700°C) T2 A=t i —K 5
BT, BAREAR . FLBRBE LR . W RE )5
MRS, RIS, AR W e ] DAt + 3 B
fetotk, 2 IR ALK ERE, woE R HEFR IR
O, PEACAR SRR IR AR KA, BT 25 6
A, SRR IR X 5% B e, HR,
AW R I3 L AR IR AT R R AR A —E 1Y

T VO, it AR W ks IRE, VEE
SRR RARA FEARA T BE, nZefe Gk B,
A= I it P R 10 g/kg B, 3N T 2R A FAEY)
i, (Al R AL T, YRR SR TR
MG AR IS, R8s T % EE
SEITERE I LRSS R I, B AR R (600
kg/hm?) fEFEVE A= K AE =, i A & (900 kg/hm?)
S A K= WL, AR A AR TR
Ve bR et = AR . B AT, ST Ay
W RZEh e REREIEY L, HEZEMR TE
Yy 5 et = SRR MRV E Y = B s e e
5T A W I e S SR el A g T L R o R R R
MR- R R PR B BT A L . ASSCRL 2 4R
C1E SRS B RO, B AS IR A 4 3
AR KR T . AR . RBR A Pk
WA, RS G R R REERAR, PR T HXTA
R, ARG R, DU SRR A P A
B AR R FH AR S 2 A

1 MRtk
1.1 R
BERT 2016 4F 3—10 A FE I AL K2z b 2058

Sl B AT, WM 2 AR A LLE - (Malus
domestica Borkh. cv. Red Fuji)/*F B F#t 5 (Malus



456 R R R L S

24 45

hupehensis), HERAE ) AR H BEPTIFT A B0 AE PR
HA WAL, APk 400°C WV 5 M 1)
KK, FEARVERR AN 286.32 g/kg, A 4.16
g/kg, 28 0.65 g/kg, &= 10.37 g/kg, HHL TR
B, FHEGPLUR 14.11 g/kg, 2R 0.82 g/kg, TS
A 150.77 mg/kg, ARWE 37.73 mg/kg, HAH
233.14 mg/kg.

PR -l P 2, AT £ 10 kg 5050
WS AAEH, AW BRSNS 0. 15, 30,
45, 60 g/kg, WFEHISERA, KKIES R CK.,
T1. T2. T3. T4, —PHJ5 (2016 43 J] 26 H),
PEBCR AR —F . o HE M E BRI
A, HEHEPRE 2016 4E5 H 15), M4t
P BOK B AR — B0 4 R TR, BaEA
SN-JRE 2.0 g, HlIRE 5.0 g, TR 4.6 g, 1T
FRE5 9.0 g, 4503 A K A AR B A B DR s —
H, T 10 A9 TR R A
1.2 NEMBRFGE
1.2.1 MEBRAERTEPS  AEARZHINE FE L3R 10 om 40
AR ELAS s EHL 3~5 A M4EA 8 kY, e i A it
AR AR, AR G Y (B NUScan700)
i, I H B3 Hr 5 Delta-T SCAN (Delta-T
Devices LTD, Cambridge, U.K.) iT5& 0 mEAH,

1.2.2 MRDRMMBAE T HRR RS2 K b3k
&, FE R WinRH 1ZO (2007 4E1R) #2047 258
RN R AR EAR, I HEMR 5 8F Deta-T
SCAN(Delta-T Devices LTD, Cambridge, U.K.) 53#7
MR s ARG &L =285 AW (TTC)
R JEIEI 7

1.2.3 #RPR BN SRR A Mk SR AR BT Al it
by QE D=k i = e ek A 74 = W N I 5 3 |
R NR A NERE AR AR &R SR

FRIEM L T K FR I T S A BB . 7
B 5%
1.2.4 AP IE IR T AR
(B 5 em, EAE S em) REFR AL, BETIEIE
THEA LT AR . A S R A 40 R H
BREREP AR . B O | AR He Gk Ak
JADERE R T I A o
1.3 HIETES4
HHERE = () TR (g) - IR (9))/3
THAR (em’);
NAff (%) = (FPFE PN F B -
YRR PN £ - 5N HARFE) x 1005
AL HLR = #5285 AU H i i) A (g)/
SRS (g) x 100%;
RAEFI R = [NAff x 255
x 100%.
TE2EE (g) = LEFE (g) x 24 (%); A
FREA R (%) = Ndff x + 225 &/l E (g) x 100;
RIER IR = 100% — FAEF I - FIEGEE %
TR I EHE S 11 W ] Microsoft Excel 2003 #1441t
TTRIFEZ®, B DPS 7.05 43k 47 504 19 481
Br, SRS R T 200 2 v i

2 ZER 55

2.1 AELEBMNEREMREKEENRAEALESK
& IR

a0, ARACFERGRE . 220558
TEMEMIAEY J: T4>T3>T2>T1>CK,
T4 A1 T3 Kb PERR S W% @ T T2 A T1; T4, T3 Al
T2 Wb ZEH TR FE 2R, (HYEEST T1 M
CK, T1 il CK ZbFHZEM 22 F AN 355 T4 Fl T3 Ab3i

PN HRF

EHEE (9)ERE (g)

®1 TRCEEREREKLBMRREN

Table 1 Growth development and root activity of apple trees

5 B (cm) 224 (cm) BFE (o) RS [ng/(gh)] HRFRTRL (em?)

Treatment Height Stem diameter Total dry weight Root activity Root surface area
CK 126+2c¢ 1.78 £0.04 b 146.67 £ 11.08 ¢ 5441+223¢ 469.89 £25.56 d
Tl 130.34+1.58 b 1.80+0.07b 149.69 +12.81 ¢ 65.86+2.82b 557.99+31.86 ¢
T2 131.66 £4.16 b 1.88+0.01a 170.33+£14.02b 7930+2.49a 599.92+£19.52b
T3 140.67+£2.53 a 1.90+0.07 a 190.83+11.53 a 82.78+1.52a 669.63+4.81a
T4 141.67 +4.08 a 1.91+0.06 a 192.67+9.57 a 84.74+3.74 a 682.22+£33.98 a

I (Note) : [A—FEHREAF/ NG FRELRLE 0.05 KR E 225 Values followed by different letters in the same column indicate

significant difference at the 0.05 level.
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Table 2 Soil physical and chemical properties under different treatments

b Bl 2 (mg/kg) AR (mg/kg) HHP (mg/kg) AP (g/ke) TR (g/em?)
Treatment Alkali-hydrolysable N Available P Available K Organic matter Soil bulk density
CK 155.86 +0.068 ¢ 3540+ 1.08 ¢ 238.35+19.97d 1227 +1.51d 1.34a
Tl 157.02 £ 0.087 ¢ 39.58+1.46b 258.02+ 1497 ¢ 1623+ 1.67 ¢ 1.33a
T2 166.22+0.09 b 41.70£1.16 b 289.12+15b 20.11+£2.48b 1.28b
T3 173.51+0.11a 46.45+0.85a 31843 +17.09 a 2543+ 1.67a 1.22¢
T4 175.33+0.150 a 4830+1.96a 327.72 £20.68 a 2621+1.59a 1.20¢

# (Note) : [F—FEHEEAF/NG FRFRRAE 0.05 K225 7 Values followed by different letters in the same column indicate

significant differences at the 0.05 level.

3 FREMIRFRLIEREIEE (CFU/) I

Table 3 Effects of different treatments on rhizosphere soil microbial quantity

5 N (< 10°) FLH (< 10°) LT (< 109
Treatment Bacteria Fungi Actinomycetes
CK 62.33+13.79d 13.05+1.73d 39.24+321c¢
Tl 116.01£8.72 ¢ 14.53 £0.58 d 4533+551¢
T2 160.67+13.79b 19.33+1.15¢ 7734+3.61b
T3 23935+ 14.81a 2621+1.28b 126.67+9.53 a

T4 251.33+20.53 a 3232+2.18a 128.51+1821a

i (Note) : [RIFEIEE AF/ING FREERRLE 0.05 KFE225 B3 Values followed by different letters in the same column indicate

significant differences at the 0.05 level.
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Table 4 Effects of different treatments on nitrogen uptake, nitrogen residue and loss

Ab3 ISN I itk kR
Treatment 15N use efficiency Residual rate Loss rate
CK 9.45+0.36d 24.67+0.57 ¢ 65.88 a
Tl 11.44+047 ¢ 30.02+0.67b 58.54b
T2 13.87+0.51b 37.35+£0.56 a 48.78 ¢
T3 15.18+0.36 a 38.05+0.81a 46.77 ¢
T4 15.63+0.28 a 38.16+1.21a 46.21 ¢

I (Note) : [al—3HHE 5 A /NG FEERIRTE 0.05 K% 25 Values followed by different letters in the same column indicate

significant differences at the 0.05 level.
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Fig. 1 Relation between biochar input and plant biomass and nitrogen utilization efficiency (NUE)
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