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Effects of Biochar Combined with Nitrogen on Root Morphology and
System Architecture during Gossypium hirsutum L. Full-bloom Stage
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Abstract; In order to reveal the interaction between biochar and nitrogen on affecting the root morphology
and system architecture of cotton during full-bloom stage, the root systems and root growth angles of
cotton by layered digging at 0 ~ 10 cm soil layers and below were analyzed through the generalized
additive model and redundancy analysis under different biochar application regimes ( NO ( conventional
nitrogen application, 0.3 t/hm”), NO + Bcl% (NO + 1% cotton biochar as quality of topsoil) , NI +
Bcl% (0.21 t/hm®> + 1% cotton biochar as quality of topsoil), NI + Be2% (0. 21 t/hm” +2% cotton
biochar as quality of topsoil) and NO + Bc4% (NO +4% cotton biochar as quality of topsoil). The results
showed that there was no significant difference between NI + Bc2% and NO + Bel% in average fine root
length, but it was significantly higher than those of NO + bc4% , N1 + Bc1% and NO(p <0.05). The
average root branch angle was 83°17" at 0 ~ 10 c¢m soil layers and it showed no significance between each
group(p > 0.05), however, root branching angle was significantly larger at deeper soil, and root
branching angle was 101°48’ under NI + Bc2% . Biochar application changed the cotton root spacing
section(p <0.001) , and it was more significantly changed in direction with water coming of 270°, where
the longest was 4 cm under NO + Be4% . The specific root length density of cotton was altered by biochar
application regimes(p < 0.02) and soil depth(p <0.001) separately. The redundancy analysis showed
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that the main factors influencing the root length density were the vertical angle of fine and medium roots in

the topsoil, the vertical angle of fine root in the bottom and the percentages of very fine root length.

Among root traits, the fine root length was most closely related to vertical root angle. This suggested that

vertical root distribution constitutively affected fine root length. Significant genotypic variation existed in

the root diameter and root growth angle in interaction with biochar and nitrogen. To sum up, the

application of 0. 21 t/hm” nitrogen with biochar of 1% ~2% topsoil mass mainly changed the root system

architecture and morphology of cotton at the bottom soil ( > 10 ¢m) and 2% biochar made up for the

negative effect of nitrogen deficiency.

Key words: cotton; root system architecture; root morphology; root geotropism; biochar; nitrogen

0 3|

AR R &R B EY =R MR TIT R Z
— R R e Y A A R S TR R
Bty M Bk A 2 g Y iR 0 5 R 0
AT 98 28 % U5 (K 0 55 43 ) B i 4 FH O 8 AR AL A BEL
J3HOTT T 5 R AR A AR A A S X R
AT LAy 4 T i B A Wk — AR S Sk 2
TR AR A FE AL (E 56 A% 0 A o 2R B g%
500 1 AR 2R O BCAE AR R AR () 2K S R E B4 B 58 147
BARR,

H P A E IR B AR K OE 45 M8 (55
533 ) W5 W) 5V 9 26 7 T U6 2R ) J5 43 T 55 5 D)
MK, BFFEFRM 4.5 ~9 vhm® B e oE T ER
A KRR 2R 40 B BE 3G T AH R T R A K/
A LR K 3 33.57% 1 Sck [ 12 ] ¥ i E , T
fn 4 v/hm’ 2= 4 ¢, BC &L 156 kg/hm’® B 56 kg/hm’
AR 28 kg/hm®, T R AR 2 AR ) Hb 389 030 9 5, AR &R
Je LR B AN AR A 3G m (14 = 11) % |
(54 +14)% F1(70 +56) % ., SPOKAS 2" 4 i 4=
KRR MY RAEE IS e, 5
P A8, - S 0 AR A 3 R 2 AR R B A
D B A T4 7 T AR i R R R, A TR g
R AN ) 9 590 AR 2 5% A 0 e g oy A LA — 2 22
5, HAFHE Z FEA 38 N9 TR AR AL ML

FEAS 1) v B A6 01 2 A AR R 28 AL AL G TR
T LR 4 ) S R R b R R R
Z—o — MR, AR R AR Y AR R AR
Moy 2 LB ARG 5L, WEEDRABSA
KAEE, L 2R ESHMEDR RS 5
AR TR R L EEAR S AR K EE B SRR AE 3 2
EpE R B S R A i R SR T A A
YA AT s E RO R AR R LA S R AIG, —
SERRRE B T R, 2 A A ARG g R
FHRAET 5 , 808 A Z 45 B E 240 ~ 320 kg/hm’ , 3
SEIRE TG SR P kA s 2 R R R
Py 5 T ARG A e b R ) A, R R, R R A

il 1

Wy A E (1.5% ~3.3% , ikt t ) % 3 4 4 4
WAAKSE TR I B E RS R R
P2 U A e i s Y
AR R R B AR K I BRI i iR R AR S A AR ) B
s B G SRR R TR A B B
SR E R VRR LR A BN A R TAE AR R
(Y BIFFE 4 BIRGE , (56 T A 9 ¢ B e 280 2 X AR W
R 2R T S A [ )2 4% AR AR R i g A A A
TEAN I

R R 8 B LR > — 2017 4F
iR T 4 AR AL A A0 A T B 60% L F kR AL, 5
FO AR AE S FT 9T IR B FF A% 77 2 AR 3L T 1 4 8
HAl, % FAEwSR AR SHERZEK LTS5
AR DY BT E  AR AR A K 21
25100 g/kg A= ¥ (5 Ho ) A0 B43 568 AR TR AR &
{5 IS5 0 A0 B4 1) 6 ok B 94 40. 6% A1 37. 9%
TR P EN R R Z AR ) T e s R
A RN A /48 R R R S R R AL
A 1 T I, JHC UK A il 1 8 Ji A 5 110 R 200 DR g
TR SR, HAT# A LA 9 5 5 R D IR 380 8L 0
HAAE X B 2E B IR B0 25 M B ORI 9E o A SOl 3t
BB YRR ZENE , R ML (GMA)
FIUAHT (RDA) 4R — & E R AE L B -
U1K 28 TR AIE B S LAY I B A g e
G AL 34 S VR LA FETRLBE A 395 3 155 - A0 A6 b A
1A 22 T HR 8 g SR AR LR 2 A B

1 M5

1.1 R XHER

I D TR SR 4E B /R BRI S B R SE TR
DX 2 T IR o [ RO A R ) 5 R A 4 B A
BRI & 37, JL 45 43°9526", 75 4 87°46745" i
P 680 ~920 m, AE KK IR 5 ~7°C , AE B K B 180 ~
250 mm,FEZE K7 1600 ~2 200 mm, Jg§ T 5k T 5
T . KB+ - HEE O pH (8. 35 1 R
0.22 mS/cm A HLAK BT HE 6. 91 g/kg, 422 . 2T Al
S MR B 43 Bk 0,47 .0.59 16. 35 g/kg,



%3 1

W A AR HE SRR X AR A AR R OE S 5 A AL R R 243

1.2 igit

AL R ol B B B 49 5 ((Gossypium hirsutum
L.49), #&FhFE] 2018 4F 4 J] 24 H . %0 R 5%
RENLBIT, Bt S b B, 3 R E R 23 15 A/
X /NI 33 m* (7.5 m x4.4 m), H1ERH
1.6 m G2 B AR G R, — B 4 17, BN SEAT IR
50 em, ZE47HE 20 em, 347 60 cm, #£HE 10 em (20 +
50 +20 +50 +20 +60) x 10 cm, AbFE4> 51 K NO (3
i &L, i A 0.3 t/hm®) | NO + Bel % ( #1)iE A&
0.3 t/hm” + R FF 5 J B M FJ2 £ B & 1% ), NI +
Bel% (A4 0. 21 v/hm® + A AT 5% 5 it Bk 2 £
1% ) ,Nl +Bc2% (L& & 0. 21 t/hm® + i ¢ Ji
HRNHZE LA 2% ), NO + Bed% (F L it A
0.3 t/hm® + fiAT % B b M B2 £ R 4% ) o ML
Wi A 0.3 t/hm® KA & 0. 21 v/hm® | & 0 i F 5
35 R Ho it 40% 3B it 60% . 60% 38 4y 6 Yk B K
B it , 4% R 6 T I R A it L 43 5 Ry 15% (10%
10% 10% 10% 5% . JJr4A Ab 30w #0815y 520
—UHEHE A, 95 A0 it AR 138 kg/hm’ (P,0,) , #f
JE it A & H 60 kg/hm® (K,0)

FERb J5 22 d, o R 1 R, K R E B
300 m’/hm’ ;35 B HE 2 YR, K B E & 750 m®/hm’ ;
WERWTH 12 H—8 H 27 H, &9 XiEHE 1 1K, &
SEB 2 250 m*/hm’ 5 BEUI R E 1K, K R E B
360 m’/hm’,
1.3 MUAE

T 2018 47 J 14 1A A8 8% 16 191 R SEAE o, 9
HRIERAE 0 ~10 em AR F 10 em MR R
1.4 FEHRERNEFE

AR BKE (L, cm) FFH ERZ (D, mm) R
MR AT A ER 2 A vk o HAR 7 3 WS e v
R ¥ Z MR S AR 53 R B A S F—9%
MWARLH, P LA — S RIAE Y AR 55 B A
PR R MK A, J5 ] Win RHIZO B8 718 R 58
(Win RHIZO Pro2004b,version 5. 0, il €& k) #:47 4>
BT, RIS MR R B BRI AR ZE

RAEKE (L, ,em) 5k H RIEN E 30 ~50 )
HEBCE B 58 A b AR R A SR

WRTHE(M,g).60CTH# 24 h )5, RHT
PRIEIE o

SRRV, em’) R E R E AR R o A
i E AR
1.5 iEHRitE

PARK MAYDREHE RKHEZ RAKELL
5 A X

S=0.01L/M

G=M/(Vx10~°)
R=L/V
B=L,/Lx100%
At C—— MUY L g/m’
R— KA cm/cm’
B— ARG, %

Hrt,ne (kyj,h) bk FoRWAR (EA2 0 ~0.1 mm) j
BRAR(EERTET 0.1 mm /NF 1 mm) A &
APER(ERARTET L mm /NF 2 mm) , 33 Ff
AR ERK
L6 FHitHHAmiE

K GMA 73 Bt - e TR B2 A= Wy ¢ i ] 7 =X B
ML K 58 HAE PN AR ] BE S e o B 5 22 i BE )L
HIRASENE, JE4T GMA 3 #fr i, 5k 22 T IR 25 R K
4% ( Shapiro-Wilk’ s test,p >0.05) , 2 588 & 7 & 1F
AT, W BEAT X BB T AR B He . 3 i 2R ) O it
FH 77 ORI AR 5 8] B P 2R 56 &, ] Turkey HSD £ 45
(p<0.05) M ARFHE S IREE .

SCHRL 1] 2 W A 4R PR B 40 B A0 5 M R 2R KM
T, BE A5 RH X HEB Sz e T8 AR 1 A2 Ak 3, TR AR
SCHEPER BT R B SR F I RKRE, &
6, @it SPSS 19. 0 HR 73 #r 4 bk B dhs vh Il 2 5
VX i 22 R A A bR 22 D SE L . SRS LR BT
ARARRIR R BMA 1008857, 5 10° R IUGEAR -1
18, DAREAR G A< B X @ UG 1 T3 e, i
X B 2 P A TR ARSI AR 2R 20 A 2 W AR AE AR A=
s o o KO AR AR A Y DLSE RS- {8 (n =
B) MR ETEHR

iz il Canoco 4.5 FAF X 2 AR K % B AR 2
A% B 5 R 858 7 #6147 RDA J3 . Al B
OriginPro 8.5 {EE .

2 RS54
2.1 &YREEREXEERAMBRREERMNK
EHE

la KU R A VFHERAE & 257, K
NO fb AR &R -1 AN 5.57 pm, B F LT NI +
Bel% H1 NO + Bel% (p <0.05) , k&8 = & 2 %1/
1.48 pm F12.53 pm, 5 NI+ Bc2% Fl NO + Bed % 1%
FAREXET(p>0.05), X5 HONG %" #F s 4%
RBARW, IR RN 22 7 B E 2P RAR A
AR UG I S5 R v BE 2 Bel % Mg 9k 1RGN A R
Xof AR ZR A A AR R A T, T e R S A A ) ok R g A1
il 7 AR ZR R R A TS M AR R A M4 3, NI+
Bel % Ab AR A= ) 6 %5 5 0 NO Ab B 2. 74 £%, 35 3|
7239.52 g/m’ NI + Bc2% . NO + Bc4% Fl NO +



244

& ol Bl

i 2019 4

Bel % 4b B A 49y 4 4 1 23 5 2 NO 4k BEAY 1. 20,
0.66.,0. 60 15 i FiI 1% A5 %y 5 i e 56 A [, B it
ZUk 0.21.,0.3 vhm’ , 5 & A1 5005 # AR AL AR 2 4 it
FERESE M 4. A2 A% AL 1D B o X R RO AR R B
PR F DR R R Y e o TR R K

[28]
[E

Bl 1e R AR R R TE N AEY R 5 AR
T B IR 85, B AEAR 1 L i & A2 B B AR k. NI +
Bel % 4b 3 b A8 AR AR EL ] 5 3 8 T LAt b B NT +
Bc2% il NO ¥4 & 2% %5 5, NO + Bed% 1 NO +
Bel % i AF AR K LL ) 0 2 R IG . BR NI + Bel % 4
MRAR K L] 5 NO AR PTG I 2% 22 5 (p > 0. 05) , HoAth
P ST NO Zb 3 (p <0.05) . £ Ab P A Hi AR
KI5 B B/ F NO AP, X F 2Rt FAE Y K

9.0r &

P T NOS -N/NH, -N [l s T K b
i o

B Ld 2B, AW sk A T AR IR AR K
NO + Bel % 4 BRANAR F- MK 5 NI + Be2% 4k B %
FREEZR(p>0.05), 2FET NO +Bcd% NI +
Bel% NO (p <0.05), FL i, NO + Bcl% ., N1 +
Be2% 4ib B ANAR - 2 MG 43 i 2 NO &b B i 1. 66 £
M1.53 5, N 4.77 em 3118 7.93 ¢cm A1 7. 28 cm,
NI + Bel % 40 AR - ¥ #R K /N 1/10, B & 4. 33 cm,
X5 RAZAP 25" 338 — 5, T RE & 4% A= Wy %
MR R CEA MR EMEEEAT R
W AT BE RS W T AR 2 A0 M RE LS R PR 2R
R 4% W) 5 N B — & B B AR iF T AR &R A
Ko

1 10000 a
il il;‘ i b : T 8000 X
= o R JF
Z60F[] b { 3
= = 6000}
= ast - ‘
B = ab
B = 4000F g
k:- 3.0 ‘4‘3 I al
= 14 1 b b
1.5+ %é 2000
v NI+Be2% Nl+Bel% NO NO+Bedfe NO+Bel % I NI+Be2% Nl+Bel% NO NO+Bed% NO+Bel%
b gl
(a}) (h)
TN - |
i /] ab
| a ] 5 |
I - B |
a 3
8O+ § 15F [ [
= 0r [N e ¢ b & i—/. -
= o B ¢
2 s L:L_| m ==
= = 5L
1
20t T T i
0r
0 b 17 4 a ) A s N s L
N1+Be2%  Nl+Bel% NO NO+Bed% NO+Bel% Nl+Bel% NO+Bel% Nl+Be2% NO NO+Bed
b3 ik
(e) (d)
Bl AYxS5ARLEAERNRR T HE R4S AR LG 407 2R 0 5
Fig. 1  Effects of biochar interactionwith nitrogen on average root diameter, root biomass density, root length ratio and root length
e NI 8 , N N - [13
2.2 AYBRSEAETEEAMBRERKMRK  REEE" HMERERYFRA RS i
FENRID o 77 B AT RE AR OR S e as i AR Sy — T, PG

AL )Z (0 ~ 10 em) FITE)ZE (KT 10 em) HE R
FEAR A 52 AH A4S fE KL N1 + Be2% \NO Fl NO +
Bel % 4b 3 1 AR K & 3 KT NI+ Bel% F1 NO +
Bed% (p <0.05) . R)IZM AR WARK AT =& MR A
BEER, GHEZHNBREREEZER (p>
0.05), IZM A NI +Bc2% MK BE/NT NO +
Bel% (p <0.05),NO 5 E&A B EHEER(p >
0.05), W& 2 frs. X 52HES" WFows Rk
e, B A AR50 B A e G I T AR LUAR K . — T,
PRI S 2 0 A 8 06 A A I 2 e R 0 A R 4 i g

R A B R A TR R BREY
0~10cm L EMAERKHEERES T KT
10cm )2, NIl +Bc2% (1) 0 ~ 10 ecm A1 K F 10 em
WK RAWN W25, H 9% T H b 8%
JEREKEE (p <0.05), %074 NI + Bel% NO NO +
Bc4% F1 NO + Bel% ) 1.96.2.30.1.54 .2.42 %,
NO + Bed % R T 10 em MRS % B W 3% s T HoA Ak
i N1+ Bcl% .NO + Bcd% #1 NO + Bel% Z [8] % H
25 (18 3) o X PR v 2 3t A v 25 50
PR IR ATARAT R 22 30 4 RUK 4 ) R T B



%3 T A AR eI 2R 2R Ko i AR B A AR 2R A4S 54 T (4 52 R 245
187 170
L a ->J(In-m = 136
a C_Jo~10em = 0 T T = T &
& o
) s e SmalS SIS
H 3 ® M
_;- ab g Nl+Be2% Nl+Bel% NO NO+Bed%: NO+Bel%
. ab s
; (a) 0~10 em
c 120F
F ; 100 $
: g w0 == $
NI+Be2% Nl+Bel% N0 NO#Bel% NO+Bed% & 60 ==
b 34 ® 40+
B2 HtYxrSEZLEEHTARLIZRERE NI+Be2% NI+Bel% N0 NO+Bed% NO+Bel%
. b
AR K L5

Fig.2 Comparison of specific root length of cotton in

different soil layers under biochar interaction with nitrogen

201 a
:l 0=10 cm

1.6 ->|II:-n|
E 1.2 b
z y b
— I a
2 o8 i
& T
Al b b
= 041 b

&
of mm
NI+Be2%  Nl+Bel % NO  NO+Bed%% NO+Bel%

ik
K3 WS /R HAR T MAEAR K% 1
Fig.3 Change of root length density of cotton under

biochar interaction with nitrogen

TG T 0 3 40 W U, T A ) AR R ok — 25 2k
K WZE g R W m oA T & B R -
3T R AR A AR ) R B A0 IS 9 R AR R
B0 B A K FR B, T L2 2 MR 3 B3
2.3 YRR TEAR 44 F A0 T 18 BE i 5 0
WA B L BAE O ~ 10 em - J2 M 40 AR 43 K
£ Sk 2 B AR AL AN AR A R . Horp NO + Bed % 4b
FHO~10cm + )2 R 704 488°417 NI + Be2%
NI + Bel% . NO 1 NO + Bel% 4y # fa 40 3 K
80°21'.80°40' .83°34 ' F1 83°04", -3 83°17", iX
B i ) 1 A A AR R TR AR K, B 4 BT
o XPFRTF 10 em + 2 ML MIRT 5, LW A
FTF AR K- ZE i, Horp NL + Be2% 40 K i e K, R
101°48" FL {57 1] T i) 4 J2 A K, 3 il 26 R AT A 2 AR
B VE U A B o A W RS AL T I
SE SR I R I ELBELAS T 480 2% 1) U U2 bk O i TR AR
ALY AR R B, ROYCHOUDHRY 2 i — 4
W4 R K 5 BT | 0 il R AR R I RE A8 3 R &
i Pk Je /. FORDE! o %% 76 A ) R/ K A5 S 1L i
ARG MR A B A B AR 2 8] R AR
P F IR, DR 28 4025 A a8, 5 04 43 ) T
REAE Ko URIIFH ADROL st 3 3 30 e o i iF 52 ]

(b)) =10 em
K4 EYxRSRELEFANAELZRE
I3 B B R TR
Fig.4 Effect of biochar and nitrogen on branching

angle of root systems in different soil layers

L o L i A e £

HIE S CEH « B un vy 0 23 5 s A [R] b BEAR
Ao, 1.2.3 .4 Fon 5K AKTr 0 I (90°,
180°,270°.360°) ) Al HI, oo, \By v 1y vy, 0, MR TT L
FHAE, 297 0.76 cmo A [A) b BEAR Y < B 19 22 57
WRIAE a3 By 15y .05, 5390 0 1.24 0.99 1. 13
4.00.1. 60 em, X Ff 22 53 0] GE 2 th A [A] £ )2 7K 73
IO HICHE R TR AE o

6

4}t

if z

A fem

(]

=
;53
.—Eﬂ—
i
AT
£
1
0
i
{1
e
.
LF—
=

aymye B By BB o vy v, 0,0,0,0,
NI+Be2% Nl+Bel%  NO NO+Bed% NO+Bel%
b

Bl S A meiit A5 30 AR J B ff 32 AR
AR B 95 )
Fig.5 Effects of interaction between application

methods of biochar and branching angle on root space

Oy FEAR 5 AN AR ST 4 AR K R W B A G (R =
0.82,p<6.93 x10°°), & & vy = - 52.24 x
In(0.20Inx) (& 6) o 3% 5 M7 45 % B 5 4% S —
B, HME TNy T 5 ASAR BN ) A S AROE A
FRIW AT LR BA X B 2 Y o SR R e KB AR RS
AT B AR R R SR K A G IR T
L o} % 1 T P AN A T 5 B
2.4 AEYRBZMRBFMLEN T XIMERBF TR

S

J7SCHPERERL (GMA) SR B, A= 9 7 it J7 =)



246 A

ML M

i 2019 4

=
s

y==52.241n(0.20Inx)
(R*=0.82,p=693x10")

+

= o
—

3

= 10

2

LT R om

2 = o e
T T T

30 100 120
HarEi )
B 6 HAT FRMAART- IR SR8 A HE LR

Fig.6  Nonlinear simulation between fine root length

40 60

and branch angle of fine root born on taproot

R AR 2 75 (6] BE G A% 35 52 (p < 0..001) , T AR 5%
MEHLMIMRAT M ERA AR EEE(p >
0.061) . 338 H.AF H & 35 52 Wi B 46 4R 3 5 ] B
(p<0.021), +JEWHE (p <0.001) 1Y) 1% A8 H.
YEF (p <0.02) Xf 4 76 AR K %5 B 7 A4 1 & 5 o, OF
H R BE SO = T AR . IR E AR
RIZHAR AR B FEAAE, WERKHES
TR 2 AR 43 A A B e J2 v A AR A S S A A 3 T A G
FGE R DG o AN AR AR E 1) R AR 200 AR AR EL
AR AR AR K E ] 43 ) S I R B A O, AR
RPHHAR R FEHMG ., RZWARSE A 5%
JE AR B AR IE AR O (B Ta) o X R
JEH TR S EOA R 2R E S KR R Y 55
BCA FFARAL, 53 40 B 269 B i & i M s i o v g
X bR 2 B A — R R

TURSIHT (RDA) R WY AR AT M B SRR AE
MR EL ] 3 2K 52 0 PR 25 0 B 200 fige B AR B 1R 2 MR
9% FE TR 2 M 85 B8 (A 20 AR AR A Fb 48] | 4 AR AR
K6 A SERRAR K ) )2 (R AR | 248 AR
M) AR R )2 (AT AR 20 R A rp S AR ) 3 4%
g Sy AR R B AR AR BUR R B R S Y
89.1% (I 7b, K R, EREIZMKEE R, £5
RIZWEKERE, V, RRRIZWAR R A, F, £R
AR KAl M, KR SRR M, RoRIR)ZE

1.0

¢
» O Nl<Be27%
PONAN O A Nl+Bel%
\LY, 0 X NO
Oxﬂif/!' O & NO+Bed%
0 —=% O NO+Bel%
7 o4l
f W O
% N ‘4
A
1-”

1.0

25 (23.4%)

SRR ) For iR )2 MK B R IR 2 K R
15752 B 1 J2 AR R P S AR A R A LA R T2 AR 4y
R fat B E R (p <0.01) . F R HLA AT fE 2 i
TR A MR H AR LR AR RS
R
3 itig

A AT A AR R A KRR/ 3 b 3t R %
BAYEL T . ARSCHFSE R, 1% ~2% WIS A
252 e A BT MR A6 AR 2R T 24 T AR A AR L 051 P i
e X5 RAZAP 45 BF 52 45 S LL, B35 42 40
WA X N EY RGN T T 20 B
Feor W IR A R, AT FTRE E 1) S AR & AR
KM%L® . GRABER 2 A A4 Wy #¢ 40 &5 1) 1%
FH I 2 2R T AR R ZE K, SPOKAS 21 i i
PE— L BT 4 A K AT RE R 2 i A 5 R R
W 7= 1 S 5 T KOLTON 4517 A 4 49y 2 B
BE -5 = W00 5 5 R B AR B A 1 2 RE PR AR 00 0 9
BUAH S . ASSCIRH R MR 0. 21 /hm JithiE 1% ~
2% MWy i Ak BRAR A R R T LG R
0. 3 t/hm’ i its K [7] A5 49 % 5 4% #5997, W] g 1)
1% ~2% L) SRR R AR G R A [ AR %
() 82 He iz, e ) 2R W o ) i) RESE 8 T S R
thGEA MAAREZEA" RBET . it
FW AR R A K KT T2 B Y RAE T 2R
ZH A RO S

AR 2R A TR K T W AR 5 N R BE A A TR
(1) 25 4 FEAE , 5 KR 28 I8 R 19 A A0 % foh T R85 0 A
K, Hor FEAR K AR %5 B R R 40 B A5 RRAE e e
FEOT R U R M B HOR L R (PR T R
MR ) AR 3 B (A7 PR B K ) A B A 4 o i
WA IR R A I BF SR, R A
)2 R 2 A T %2 9 HARK % B8,
B R BRI R 2 AR SO L0 ~
10 em + /2 R K AR K% % B %8 T KT 10 em

(L6

* R

F
I,

i

o | ,
e | G
* nfﬁ‘}\‘

AN

\\
\
¥ I.'\
AR \

e

-0.8
-1.0

0 1.0
55 1hi65.79%)
(b)

B 7 Ry st M X5 R FRETTAR S

Fig.7 Redundancy analysis of application mode of biochar and root characteristics
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