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Effects of Carbonized Powder of Apple Branch on the Growth and Root
Architecture of Malus hupehensis

YAN Li-juan, YANG Hong—qiang*, SU Qian, MEN Xiu-jin, and ZHANG Wei-wei

(College of Horticulture Science and Engineering, Shandong Agricultural University/State Key Laboratory of Crop
Biology, Tai’an, Shandong 271018, China)

Abstract: The experiment was carried on using 2-year-old potted Malus hupehensis Rehd. seedlings
with the carbonized branches from ‘Red Fuji’ apple tree pruned in winter applied, which were pyrolysised
at temperature of 400, 600 and 700 °C respectively. It was investigated that the photosynthetic
performance, plant growth, root activity and root architecture parameters of Malus hupehensis seedlings
after carbonized powder of apple branches were applied to the pots with the mass ratio of 1% and 2%. The
results showed that the leaf net photosynthetic rate, plant height, stem diameter, total dry weight, root
activity, root fractal dimension, total root length, root diameter, root surface-area and root volume were
all increased significantly after applied with carbonized powder of apple branch to the soil, and all of them
increased with the increase of the branch carbonization temperature from 400 C to 700 C. The root
structure of Malus hupehensis seedlings was more complex after treated by carbonized branches. The

effect of application 2% carbonized powder of apple branches to the soil is better than that of 1%.
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VF2 RAEHEAA RERSPIB BT IR, IXERARER TGRSR RGEAr,  RH8 o0 # HE TR
b R 5%, AGE I RIS, IR PR, 0] BERCA I HUFEALRE ST R KR IR . A 3R]
MRS, o RS AR ELEN AL —.

AR E T WIR B R gt 2 — . IR, FEF. R5e. MIARRIsh )2 5s
A WA R AR B L A I 45T, I =il A v T e — P AR U . W T A R A
s AR RN TN DAGE LA, S E e AR R AR, e v b PR R R R
Fi = SR HERSS (Lehmann et al., 2006; Jeffery etal., 2011). {HAYR AE H SR FTEAL P 5 BH
B2 AU R B AR 52 (Spokas & Reicosky, 2009; Yuan & Xu, 2011), b, miE4&H4 T
28 B A=W R ORI, T BV A IR B A2 e 03, PRI A T T i) AR oo AT 3 e R 15 1
TP (Gaskinetal., 2008) F15 I Fisk/b 3% N,O HEIBUHI A (Felber etal., 2012, Wang et al.,
2013); FAEIRS 0 B A0 0 LU DA AR R B Rk il i A e S5 R T /K s i AR KO B (Al 2%,
2011). HATHEFU I 2 B AV RS R R AR5 38, N DN Al F R KRR KRS — AR,
B0 PN 25 AR TP T A ) 0 6o L 458 5 R R A A 2 4D s e DA A A0 i A = AR T ) A A
(Glaser et al., 2002; Steiner etal., 2007; Asaietal., 2009). KL AE IS FILEH 544 4E
YIREFE ARG A —FE, SRR K E WA T2, AT S i 2 439 A 5 1R AN
R, WHAAEA LS T BIRAL = AR ) 27 RN A AR 2D o S BRSO 3 R A b 2 N 1)
WA, WA SERAR RO BRI AT LA BT TR ISE R A 4 8 S5k, fEANRRRAE T
IRMWAL BRSO BRI B3, S BRR R AEK R E MR R W2, A
SRV PR 54 05 YR A R FH RIAR (X 4 345 B (AR 4 o

QY i SRS DARF

1.1 ##)

RIGT 2012 4F 11 H A 2013 4F 8 HAE L A AR MY K 27 AR50 3 EAT o AR50 P A 4R B B L Al
REFFRARE I ‘20w R (Malus x domestica Borkh. ‘Red Fuji’) . kA 2EK
AU 2 SEAE AR BET A (Malus hupehensis var. pinyiensis Jiang) . {6712 18 cm, 5 14 cm,
PrEN 23 kgo AL MMHEE . WO VPR 3 1 1 AR AR AT p,  JLE AL 33.9
mg - kg, BHARA 26.6 mg - kg, A 102.5 mg - kg, AL 12.41 g- kg, pH 7.3,

1.2 ERBEHRL

WP RR YT KT B s T2 AR b, O SR, 0 SIAE 400, 600 T 700 C
RPREUNB, B 3 FhRALSE R 4, FRARG BT MR A, 1 20 HIE, 4> RIfEFR 400 C
R~ 600 C AN 700 C o
1.3 RUFERSEHMKRAHER

FEHOE PR TR L, K 3 ML R R AL B SRR K BL 1% 2% EE - (RIS 0.5% ~ 8.0%I H]
TR 1% ~ 2% R G, SIS FX W N D B b, RS A G2
2013 4F 3 H 24 HE K380 2 4E 4 B RRARAZ P o DUR TR ALSE SRADR A 7+ e 1,



1438 P S "3 41 %%

PUIE 1% 2% o8 20 H 9 111 AR 5 A IR 3 FEAE 408 AR 1) 2 143 Jall Dk of R 2 FOGT R 35 B P 4 —
ANKEFE, BEFD1BE, A 3 K.
1.4 MNEFHE

FRm . TR RAR o 2 S B0 HIAE AL FL S 500 714 87+ 113 F1 128 d dll5E; Ml &rdiR .
MRT i RRIE AR R SE AP S 133 d IE

TEPERE R 9—11 BPX1 EFIAEAC BT BEn ] CIRAS-2 {45 20 e A0 & b & il %, Her
Pl Mo AN & &R H SPAD-502 PLUS MR 2 e X, R 4P DhRernt, SEpkille 10 A
M-I AT IR G =KW (TTC) VEME GRS 25, 2002). HIK N it
A5 RO P B 4 P P g R 2 s BTV I 1 5 A BEAR AR 1 T AR )

RAM T SHL: BB J5 I SEAE /DU, 7EKH R RETF, SRS H ScanMaker 1800 plus
FHPGRPR R EREE, FTR LA-S RIVEDE G BT ICR G ER R K R, AR
WRARH. B, HIRGEER RS WARBHRIR R S YOI S, 2 TR AR50 S 4E %k
Fon, HAtESREES (1999 W57k T4EEUR D L SEARSE, BRI R 70 A2 3
PEEAT e &, JFRE AAEAR I AR R S5 1 I AR B AR R I 2 SRl (RSO 5%, 1999 Bk
FHIE %, 2006,

H Microsoft Excel 2007 A1 DPS # At 47 5ds 04,  FUBr &AL =kt 47 22 7 W A G .

2 HiIR5 0

2.1 FERARUERBMARTEEHEMF LSRN

W 1%F1 2% AL SERAT R A 50 ~ 128 d Ja, 1 EEISSH SR EAT S 'S BE & TR CRIE
NSE G R TR 1 N AR SR AL SRR A o) TR 2 R I 3D, T HOW IR 2 RS IR 3t i )
W1 EEANE B, 4 700 CmACFL G HT BRI A e FAXT S 28 5T 400 “C R
600 CHAbFE, HAPAEALFE 113 ~ 128 d, ZRALSERABR A it &4 2% 4L FF 5 2 3 T 1%1 AL BE
(% 1,

F1 RAEEREHRDERBPZRM FHERAMNFENRLSEENRIT
Table 1 Effects of carbonized powder of apple branch on the relative content of chlorophyll and
net photosynthetic rate in M. hupehensis leaf

RALIRE/C SR HL1/% W ERZR O e
Carbonization Charcoal powder Relative chlorophyll content (SPAD value) (pmol -m™ 5 )
temperature proportions Net photosynthetic rate
50d 71d 87d 113d 128 d 133 d
A Bk Uncarbonized 0 (XM 1 Control 1) 40.6d 44.8d 47.0e 50.8 f 52.7fF 11.1d
1 (X 2 Control 2)  43.0¢ 45.2d 48.1d 519e 53.6e 12.5¢
2 (XfH#4 3 Control 3)  43.2¢ 45.7d 49.3d S52.1e 53.7e 12.8 ¢
400 1 463 b 469 c S51.1lc 53.2d 55.1d 14.2 ab
2 46.4b 48.0b 52.6b 54.1¢c 569 ¢ 15.1a
600 1 47.3 ab 48.7b 51.8 be 54.0c¢ 56.1¢c 14.9 ab
2 478 a 499 a 532a 55.7b 57.8b 155a
700 1 47.6 a 49.6 a 52.1b 559b 56.8 ¢ 15.6a
2 479 a 512a 533a 573 a 592a 15.7a

e WSV G T B R R A BN 22 7 RIS B B K, P < 0.05. Rl

Note: The same letters in the same column indicate not significant at 0.05 level. The same below.
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M 1B FH, i 1%8 2% 3 ROk R K 133 d JG, ~FEFEIRH Fidea sy
B T KT 400 C R 600 Cok, it FH A 2% 1 Ab BRI B o e B T R 1% 4k
P, HESRABE, T 700 TR, MiHEN 1% 2%M%H B35 2% 5, FfiHEMAFRR, 700,
600 F1 400 °C AL BE[A] G2 52 o

2.2 MERREERBRH AR T EMFERE KNI

M2 2 ATLLE Y, il RALSE R ARG, 1 G AR i 70 AN 52 B Bty v 1 A it FH A oK 1)
X, F AR S 50 d, 3 FhoR A AR AR SR it 5 A 2% I R R 3N RO 1t ) AR
BACK AR D) LB B E K, AFT 71 ~ 128 d, i 1%F0 2%FK) 3 ol Ak 3 SR 0 AR #Ad kk v
302 v Tt ) R AR A X T

SR EE, AR, 700 C AR SRR EEE SR, LR 600 ‘CHRAI 400 Crk;
FERAL IR AR R, it R 2% IR KT 1% Rk &

2 2 AT LA, MEHRERE A ARG, 7550 ~ 71 .d, 3 B3 FBE0R A L AE i FH o4
2% I X5 42 PR 488 o 45 i [ AR e A K AR RS 380 8 35 /K01 AR AR BRS 87 ~ 128 d, it FH 1% 2% 1)
3 Tl R A AR Ry A IS AT 430 P 18 A 6 it [+) 2 AR R Ay A ) R 21 5 2 7K

MK, (EiE AR, 700 CmRATF12 R REE R, & 600 Ca Al 400 “Ck;
TERAUR SEAR RIS, it FH 2 2% 1 T4 KT 1% 1 T-42 .

F2 MARKEREMANTFEHFRENTEHEM

Table 2 Effects of carbonized powder of apple branch on the height and basal stem diameter of M. hupehensis

B/ T JHHLLB/% Fi#i/em  Plant height F4%/mm  Stem diameter

Carbonization Charcoal powder

temperature proportions 50d 71d 87d 113d 128 d 50d 71d 87d 113d 128 d
ES/2 0 (XH 1 Control 1) 48.65¢ 55.57d 6429d 73.11e 7897e¢ 497d 543d 6.54d 774f  7.89e

Uncarbonized | (y1m 2 Control 2) 5420b 5891d 7742¢  99.48d 10125d  507d  564cd 7.27c 9.05¢ 9.29d
2 (X} 3 Control 3) 54.61b 60.60cd 7843 ¢ 101.15d 10468d  519c¢d 569¢c  734c 91le 945d
400 1 5528b 6530b 83.04b 10521c 11135¢  526c 574c  7.44b 928d 9.74c¢
2 58.66a 72.51a 86.54b 117.31b 12341bc 575b 6.13ab 7.68b 9.79bc 10.69 b
600 1 57.33ab 70.10ab 85.33b 106.67c 121.02c  589b 595b 809ab  9.59cd 10.62b
2 60.58a 7325a 95.04a 12254a 12934b  624a 638a 847a 1044a 11.09a
700 1 57.69ab 69.51ab 84.33b 10933bc 121.58c  579b  5.87bc 7.95b  10.0lab 10.61b
2

60.33a 75.14a 96.58a 12531a 135.24a 6.12a 639a 848a 10.50a 11.14a

3 Nt R RER AR 133 d 5 P B R AR . it R AR R AL I S SRR R
Jei, P EEEH TR MR SR AR T R R W e, U R A S SR A R oK A
TP AR RAC B R R s i EAR RN, 700 Coxd~F & F AW pE e ik, ik
JE 600 ‘CHFH 400 Coes FERAGHR ARG, JtH 54 2% - BRI AR KT 1%00, dLr,
JitiFH 2%1) 700 °C 2k (1)1 B EIR AP

K4 WoR, W HRAMAR R LB RGO R A RARIA . WRRAEH, H1RE
PERRRASH, e vt FH e A 39 SRR R AR AL B AR R W Y v T AR IR A RO AR IR AR B o 75 Jii H =2 AH 7]
I, 700 CamRAF- B AR AR AR K& R K, e 600 CORAN 400 “Cok s 7E R AL AH F]
i, TR 2% T &R R AE KR KT 1% 2%01 700 “CHexd 7 & HT AR R A KR 104
R, MRARDKE., WARRMRLE L ARTAEMY B 1 E T 71%. 240%.



1440 P S "3 41 %%

IICHERGERAMRM T ) EE S 4. K 4 vTEUEH, MR IRA 133 d J5F BRI
RO TR W T (R RN SE SR O 1, N AR A 3 SR IR0 i 2 6 3D, Xt
W2 Kt 3 v T 1. R 1%0, 400 °C 2% 600 'C R AT 700 °C Ik = 2 [AIXHR & 50 JE 4
B S 2= N 2, EAEE B 2%, 700 °C e AR 2R 20 T 4E 55 1) 5% i W 5 v T 400 °C 1
600 ‘C 7%

®3 HARKERSBHAMNTEEHFEKTRENY W
Table 3 Effects of carbonized powder of apple branch on the dry weigh of M. hupehensis

?J'z'fjciu?l-)ﬁ/fc BRAR LA /% i’@J:‘ZK‘T}ﬁ%/g Hh I\*‘Zﬂ:T‘)ﬁ%/g e T
Carbonization Charco:?\l powder Dry weight of above-ground Dry weight Total dry weight
temperature proportions parts of under-ground parts
KR 0 (XFH& 1 Controll) 14.88 h 16.03 g 3091 f
Uncarbonized 1 i1 2 Control 2) 2150 g 1827 f 3977 ¢

2 (X 3 Control 3) 2273 f 19.48 ¢ 4221e
400 1 24.19¢ 22.13d 46.32d

2 28.34 ¢ 2398 ¢ 5232¢
600 1 26.25d 22.76d 49.01d

2 31.52b 27.35b 57.87b
700 1 26.77d 22.90d 49.67d

2 37.54a 3343a 70.97 a

F4 MEAREKEREHREFRZRTDFHENZRE

Table 4 Effects of carbonized powder of apple branch on the value of plant root

gy . ; REKRE FAR MR/ EX N RHER/ . sk
LR/ C SR L% Wiy AR KRB RRERY RARRE ey s
L cm cm cm mm
Carbonization ~ Charcoal powder Root Roottop  Fractal
temperature roportions activit Total root Root Root Root number dimension
P prop Y length surface-area volume diameter
Kt 0 (Xt 1 Control 1) 449.8 ¢ 177924 g 53791 f 3042 ¢g 0.772d 3012f 1592 f
Uncarbonized 1 (5} i 2 Control 2) 499.7d 1892.12 f 559.75 £ 38.90 f 0.785d 3015f  1.634e
2 (X1 3 Control 3) 511.9d 193727 f 63431 e 4749 ¢ 0.793 d 3163 f 1.660 d
400 1 577.1¢ 2054.59¢ 829.54 d 74.85d 0.871 ¢ 35%¢ 1.695 ¢
2 615.0b 2403.19¢ 890.92 ¢ 74.94 d 0.901 ¢ 3880d 1.707 b
600 1 605.3 be 2077.76 ¢ 894.73 ¢ 79.50d 0.997 b 4150c 1.696 ¢
2 6359b 2482.76 b 1026.11b 97.14 ¢ 0.997b 4544 b 1.717b
700 1 606.9 be 2296.10d 1008.81 b 106.76 b 0.991b 4239¢ 1.704 be
2 6703 a 3047.52a 1829.18a 377.08a 1.123a 8032a 1.744a
N \/\
3 e

e S — R B A RE KRG 2 fLAk, RN, RMEMBUK, WoK. ESae i, 5
LMY WFt%E (Glaser etal., 2002; Steiner etal., 2008); M) B AT 5 IR I AE AR
SRICIR B RE ), N IO PRAK R IR 9%, $Em TS SLEA 4.9% (Oguntunde etal., 2008),
ot IR E DRI RESE R (Warno et al., 2007), $&m H3EFH & A HcE I H3ENE S (Laird et al.,
201000 HRAE SR A [F) AR5 1) A= P o B R DY REFIVE T, TN 1585, Wk G
VIR —FEGE TR B PE BORIUAL T 454, (Steiner et al., 2008; X% 4%, 2009).

RN, TR RS, 1 BT S 2 AR S A G R I A A R R
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e, AR THREEZROEEY), (U RA, X5 DI RE o] 4 kb 3 o=
fi % (Laird etal., 2010; van Zwieten et al., 2010; Haefele etal., 2011), MA RS 4REE. I
SRR B RO E TG R ) DR AR N . b, W IR Rk AR ol 48 P B R R bR . T4
i b5 T T = N N0 w0 S S T 1= O 450 = I B e ARV 1 R A S e S S TR NS v TR i
AyEA BRI AR (BENT 55, 2012),

R ZR I 772 PR 2R PR b P B T e P v e s Py, 1 = R AT AR Rt T A 5 o I i
It e, RASERE ARG RG], RURMSE R B R R R E 3l tesbh, feit
HRWSER B K Z 5, P BRI R R R R ARG, AR R AR K v (R E R &R 1)
e S SORI 4% BT RE ) 1 4 T4 e L SR s AR E AR AR 6 3R 40 IR R 5 38 A 2 i
FHRAR R A A KR T .

AR S EH AR Bk IR 4EHUL RO B JUATARRE 240, H TR, TTRI
HEAR AR R G50 (1) S 2R FE IR R 40 S I PEREAT /8 iAo 73 TR e, MR AR s R S5 1 DL AR
RO SO, R (RSB AE, 1999; BRIGHE 4%, 20060, AWFFEIR SR, 3R
WIERE ARG, BRI R R B4R R, R A R K Re (2 Al -F B R &R
TRV G MR R S 2 0, RS ECEIG R, AR A7 A EE IS R, W R AR K AR O E
%, XA T UGER R 1) A BRI RE RIS mrAs o I IR R I sE 0, PRI R TP B R AR,
FHRIM S TAE MBS0 R0 o i AR 0T i A5 it P R A A s B Wl 2
Fro T3A, W FHARRA I R R AR B AR SEEMR R R CR, 1X 2 T
ANATRAGIT S A0 A A 24T ) H 3 ANFEFE A LR, BRI T HEE NS m2 4 (I
B 55, 2012), &R FESLRREE, PR HEEA T, AR T ECEIR RIS,

AFFEPIE KDL, £E 400 ~ 700 CHRIFEFE A, 700 CHRALTISERE R AP BEA AR, 6H
PEREFIAR R Dy RE ML BEAE B K Z BT U AR R RN, W 2 T il 45 T (700 'C) il 4% (1)
A= LA T o4 R AR e B AT S v R FLBR P R T AR, WRBM gt S0, fig S0 d b (R 5 T4 IE K
(Yu et al., 2010; Zhang et al., 2010), [ thxfF EFl 2 A KA 5 FI AR BE DD RER I H B 4p i i
R .
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