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Effects of Biochar Amendment on Soil Water and Nutrient Utilization Efficiencies and Tomato Growth
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Abstract : Biochar added to soil has the potential to hold water and retain nutrients. However, the effects of biochar on soil water and nutri—
ent utilization efficiencies were not well understood. A field experiment was carried out to examine changes of physical properties and water
and nutrient bearing capability of sandy loam under different application rates of biochar. The experiment had 5 treatments with 3 replica—
tion, including no biochar(CK), 10 t+hm=(T1), 20 t-hm>(T2), 40 t-hm2(T3) and 60 t-hm™ of biochar(T4 ). Application of biochar re—
duced soil bulk density, but increased soil porosity and moisture content. Such effects were found to be the greatest in the T4 treatment, in
which bulk density was reduced by 23% in 0~10 c¢m, and by 30% in 0~20 cm, while the porosity was increased by 14% in 0~10 cm, and by
19% in 0~20 c¢m as compared with the control. Biochar addition enhanced soil water and nutrient utilization efficiency by at least 27.7% and
87.4%, respectively. Also, biochar improved tomato growth and yield, with the greatest effects observed in the T3 treatment, a 56.1% incre—
ment over the control. In conclusion, biochar could improve soil physical properties, increase utilization efficiency of soil water and nutri—
ents. The optimum biochar rate would be 40 t+hm™ for sandy loam.

Keywords: biochar; sandy loam; soil water utilization efficiency; soil nutrient utilization efficiency; soil moisture content

A=W (Biochar ) — g A MIBUINARS AAEDIE KO FHE LA AL S PIP . Sombroek ™% 3. Eh i il 45
FY) YR SNBSS BRI AAA ISR I (Terra preta) (ST 5 S T 4Bk
XL “ B (<700 C) 264 T EURTTE MBS AREZEEXS AW )2 T AR AE Y it

PN, HE MBI T 40%~T5% FEE D RTIIR . — R S KRR SRR SR )
FIE 38 Wik (CEC) fOMPRIURL O, 35 SE 45585 T

BBRBUI 0 e EPPSUTBCE ORI Bk RIS GE. 7
e 01304y TSR g s ok g i AT B ) CEC 35 B I 2
EERAFE WL 1987—), B WPAKN AL B E, Emor ERAEGR Y C/N S80E 5T, a7 i AR T3 el R, eles
HAAK SR BRI 5K LS AR NS TR K AL £

E-mail : 461663804@qq.com

*EEEE . H L E-mail:quzhongyi68@sohu.com ﬂ‘%ﬁf[slﬁ\yﬂﬁﬁ/\i%iﬁﬁf Uﬁiﬁiﬁﬂiﬁiﬁé%ﬂii .



2188

PSSy 3355 1114

fie ey 48 P )45 K o P 3 ) S K M RE L TS R
ST KR LA S A Y A AR E L S
AR IR, BRI R 00 % SRR AR R TR, A2
Py HE R R . A PRk DRAEPERE S
BT R T  REREY TR Y s IR A X
PUrt, (FRENINS YA A By,
Kishimoto Z*HA A , 713 - At fin A= #7 7% (0.5 t-hm™)
RE AN 50% , SR it 3 it P A3 o= 6 i
LD HaH; Gaskin SEIFTE AR W) e R AP 1 HERE R
B, BN IEEAE 11~22 t-hm I VRH) 7= 8 0 %
P25 5 SR 2 SRS EAE F R AP KA PN AR
Pyt BRBIFEMR , K BUAE TR A ] 1 A
PREVAER AT, IO EI B H R B 2
B, R BT R 2 A BR T3 A 2, K R
BoX A BT AR DA N AL

NS PRI R RbRAR R Bt b 5ty i I, )8 T
TR RRR R AU, S ER BB = Ok
TR E A X RDE R R )
BERAL, UHAE NS X, R K PERE 22 L LAY
s T2 1 X — XA 4 A R R IR B
MR K, B A R 9 TORFEFE, RN E R
I Y BAARA R T iX—H X RS R BE IR . A
SCAERFANR F/NX B B AN R A2 9 it P 4 Jd e A7
AN Tr] 42b B - Sy B B R K E AR AR X R A K
FP R S, RIS R S A AR YR &,
AW AR N Sl TG Z AL Ty H X ) RS 2 T B A
AT R .

| MRS

1.1 R X LR

T 2013 48 5 b A2 10 A ERIFENSSY
FMREL 9 5 K FIRHA RIS B i 00 SE bR T o i Hi X
J& Tl T R KRBT, AR 6~7 C,
AR A 392.8 mm, IZIRER X EHENIME L 4
I 5 A 8 e AR SR < B0 R BT 5 4 BK 64.15% K R
16.49% Kliki 19.36% , 175 1.39 g-cm™, fLERJE
43.52% , F [R5 ACR (RT3 $80)31% ,pH {H 7.85, 2
T 141.8 pS-em™; AHLTTE R 6.66 g-kg™, i
A 48.07 mg- kg™, BHALHE 12.06 mg kg™, HAL A Ky
146.98 mg- kg™,
1.2 RI&igit

RIS FH AR W e ML T e AR AR I & FR
A FORFEFF A o™ 5t o A ok E B : C 19 5

A8k 47.17% N H 0.71% H Hy 3.83% ,CIN Fy
67.03% ,pH {E 9.04, F HLET L Ky 925.74 g-kg™, il fiFt
AN 159.15 mg kg™, SR A 394.18 mg kg™, K
PN 783.98 mg kg™, K AEM AT IR
FERHLER ASEZ 138 i1t 5 b3 X e
RUANTt A 9 e (CK), b BRZH A ) o it FH £ 53 591 R 10
t-hm2(T1).20 t-hm>(T2) .40 t -hm2(T3) .60 t -hm™
(T4), BAAEH 3 RERE, it 15 MAL/N X, /B X
AN 15 m*(5 mx3 m) ., BEX/EY R, o
AR 918, FIME S R 4.5 Tikk -hm™, JEEAL it FH 42«
JR 2w (N)=46%1408 kg -hm=, — i [w(P,05)=46%],
163 kg-hm™, 244k 8 [0 (KC1)=50%]300 kg+hm2, #EiE
FEFA 105 m’ I H—TF ARG R 45 m’ TFIEE R -
SR 40 m? g5 RIS 20 m?)
1.3 iR AiE
1.3.1 et H e hi

FEV - AL SR T R )-S5 SR 4
SR - S IR A5 /N X KR I -8 AR
0~10 cm.10~20 ¢m ,20~40 cm .40~60 c¢cm .60~80 cm 1.
A 12 A WS 2B R A 35 R AR & e
TG AR, FEL /X 0~50 cm 10 em B34 J10
A TR A AL B I A5 A B A 4
P A B AE A S AN 5 20 7™ it o T35 KR o
SR IMETPREE I, e H e R IR T PR
1.3.2 ERHRI FH L KoK 43 R TR A

FREAR 223000 (NUE ) =( &b 320 2 ik ™ 1t — % RE 2
Fentrr )b PR AL & , B8 kg-kg™!

KA FIZ(WUE ) =3t 5/ 2 i 42 B WIFE K
L, B kgem?
1.4 RS

IV Fil Mcrosoft Excel2003 £l K] 3¢ , SPSS19.0 #X
AT 05 22530 , A A A FE L 20 A

2 HERESMH

2.1 EREYRIMEY ERK R =E8 R
2.1.1 XS AR F AR AR

P 1Al el A T R e B LR IR
Jit JFH R B8 o 2 S e el N . AT
AR AL BERR R /N T 35 em, it 1 A2 90 0 A A BEPR
R R TR IR AL (CK), Hoip T3 3 i@ o, 38 i
41.7%, SALPRE A B o BEE AR T IR HE
P, A A BRI A AR AL BOR AT AR R 45 R
SRR ERIE S T3 S IR o, B RN 16.4% , 22 54k i



FE S AR BT HOK R CR 53 KR 2189

2RI, TELS FL A — S S LA 2 At bk e B SR 2%
B NS AN O R (SN WRIE A TSN )
22.5% . X FEBHALEAIR AL B A, 3 it A= 0 e
iRk 3G N f A A A

2 AT, A A T A AN 2 B A e
1)1 o 2 S A FE sl N R A, Lt FH A ) i i b B
SRR TX R (CK) o 7ERT-TFAE S SRR 2E
H 22 5 i R, T3 2R IR 5K, 16.2% ; 7EFF
TEHE R4 AL T1 T2 T3 22 Pk 3%, T4 22 21k
AN, T3 BRI K, N 17.6% ; 125 R % 1 -2 52 Al
B FR AR 2 R B, R0 T3 1
WK, R 7.3%. &5 BRI , AW e AN ) A 7 100
FAZS RS AR AN —FF
2.1.2 XA i R

3 AT, i o bl A W it P ) 38
T e 5N R, FHor T3 4b B P A
o AR RS G TR y=-373.9x+3 173.7x+4419,

1601
ek

b
140+ BT b = b
120F B9T2 EE
£ 100+ EAT3 b be d cd
 E9T4

Brig/c
©
(=]

W EZ T PR ot LB 2 B M 5
R
| BRAEEBEMERELE

Figure 1 Height of tomato plants in different treatments at

different growth stages
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Figure 2 Diameter of tomato stems in different treatments at

different growth stages
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Figure 3 Effects of tomato production in different treatments
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Figure 4 Effects of biochar additions on soil bulk density
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Figure 5 Effects of biochar additions on soil porosity
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B 4 LA
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Hit— CK 11.23a 10.14a
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Table 2 Water consumption of tomato at different growth stages

TS R (5.15—7.15)

FPAEE R4 T (7.15—8.17) &5 S At — R 52 il (8.17—10.1)

S ]

o HOKE FEWE O Fki WDKED BEEE RokdE ki WA FPkE wDkE MR Fokd
CK 45 2.28 57.36b 40 3.96 20 0.96 26.15h 105 72 13490c
T1 45 2.28 57.30b 40 3.96 51.10cd 20 0.96 26.48h 105 72 134.89%
T2 45 2.28 56.92b 40 3.96 49.16he 20 0.96 23.90a 105 72 129.99
T3 45 2.28 55.44a 40 3.96 20 0.96 2221a 105 72 124.07a
T4 45 2.28 57.02b 40 3.96 47.45ab 20 0.96 23.94a 105 72 12841b
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Table 3 Water use efficiency of tomato in different treatments

BB CK T1 T2 T3 T4
Feilkg 7258.05 9 233.25 10 452.51 11 332.47 10 860.03
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VVUE/kg-m’3
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Table 4 Fertilizer use efficiency of tomato in each treatment

Ab CK Tl T2 T3 T4
2% b kg 2 258.05 4 233.25 5 452.51 6 332.47 5 860.03
Uit kg 1230 1230 1230 1230  12.30
AR SR /kg kg 183.58¢ 344.17bc 443.29b 514.83a 476.43ab
I 2 kg 980 980 980 980  9.80
BRI kg kg™ 230.41d 431.96¢ 556.38bc 646.17a 597.96b
G P kg 1000 1000 10.00 10.00  10.00

HPAEA FSCR kg kg 225.81d 423.33c¢ 545.25b 633.25a 586.00ab
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