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The effects of successive whole—dose biochar application on rice yield and soil nutrient concentrations

ZHANG Lu', DONG Da'?, PING Fan', XU Xing—kun', YI Qian—qian', SUN Xue', WU Wei—xiang'"

(1.Institute of Environment Pollution Control and Treatment, Zhejiang University, Hangzhou 310058, China; 2.School of Environmental &
Resource Sciences, Zhejiang A&F University, Hangzhou 311300, China)

Abstract: A 4-year experiment (2013—2016) was conducted in a paddy field of medium soil fertility under a single cropping system in
north Zhejiang Province to investigate the effects of successive whole—dose biochar applications on rice yield and soil nutrient concentra-
tions and the associated mechanisms. Three treatments were employed : CK (control, i.e., without straw or biochar addition ), RS (rice straw
applications at 8 t-hm”+a™"), and RSB (successive rice straw—derived biochar applications at 2.8 t-hm™+a™). Rice plant height, grain yield,
soil pH, cation exchange capacity (CEC), concentrations of total carbon (TC) and total nitrogen (TN ), available contents of P, K, Ca, Mg,
Zn, Al, Fe, and Mn in paddy soil samples were determined for each harvested time. Results showed that compared with CK, the RSB treat-
ment significantly (P<0.05) increased rice height and grain yield, and the increase of rate with the RSB treatment was higher than that with
the RS treatment; The RSB treatment led to higher concentrations of soil TC and TN and available contents of P, K, Mg, and Ca, but lower
soil available contents of Al, Fe, and Mn; The improvement of soil nutrients with RSB was most likely due to the biochar indirectly enhanc-
ing the accumulation of C, N, and available nutrients in the soil; The increase in concentrations of the soil TC and TN and available contents
of K and Mg and the decrease in available content of Al with the RSB treatment might be the key factors that contributed to the rice yield in-
crease. Therefore, the consistent increases in rice yield and soil nutrient concentrations in the 4—year RSB treatment demonstrate that suc-
cessive whole—dose straw—derived biochar application is a promising approach for straw resource utilization.
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Table 1 Properties of soil ,rice straw and rice straw—derived biochar in the study

FE TC/% TN/% C/IN pH  CEC/emol-kg'  HWERMEFBET/m’-¢' HFHEC/mS-em” M3-Plg-kg'  AK/g-kg'
PR 11 2.13 0.28 7.6 5.1 8.91 35.0 0.075 0.007 3 0.077 6
IKFEREFT 38.6 0.78 49.48 — — — — — —
HEW TR 53.7 1.03 52.14 9.8 50.1 97.0 0.181 12 3.3

T FEFT AW B A7 4075 Mg Ca Al Fe Mn Zn & 43500 1.6 3.2 g-kg ' F115.2.8.7.53.6.5.1 mg-kg .
Note: Available Mg, Ca, Al,Fe,Mn,Zn contents of the rice straw—derived biochar are 1.6,3.2 ¢-kg™" and 15.2,8.7,53.6,5.1 mg-kg™', respectively.



W BB R RS HIXE KRS R+ R S S 2321

i FFFRL ™ o FEREAS/INDX N B ATLE 6 MR 7K A il i
R, S EEAS /N DX PN T A 7K RS AR AR A AT R 2 4
R A i

[FIF, SRARA PR 158, H AR T IT 54 2 mm
i, B A EAS T pH . CEC M A A P.K . Ca Mg,
Zn Fe ALFI Mn( LR fFR M3-P K %5) 28 0 2 /Y
Mg . Hd, SR A pH HE A7 1 (Seven Compact, MET-
TLER TOLEDO, Switzerland ) Jill &£ £ 3 pH ( £ : /K 5 i
R R 1:2.5) 5 R HERRSFFAE 9 53 2k 1) CEC R FHA
AL P 075, A RSB 720 2K FH Mehlich3 42 Ht
WAL, W B & 45 B 1 R SOBIEHL (TCP) {SCRI B 86
P Ly, LA 9 2 BR8]

AN B KT B A 100 H 7 5 R FHIC R /BT R
(Flash EA1112, ThermoFinnigan, Italy) % TC TN &
1.4 IR IBEFS

R 24 Excel 2013 Wik B S A SPSS 20.0 8K 2%
75 2553 M1 (One—way ANOVA) ) e /N i 7k 25 S
(LSD) 43 Hr #4740 B8] 45 546 s 1) 135 1 22 S A
P<0.05 W M Geit: F EA R EEZER . 15 1] SPSS
20.0 F AR K B DU AEF- 2 77 5 pH L CEC Fll 4= 5%
T Pearson MRS T .

2 HRESH

2.1 XPKFER S FAF R 28R

M2 F i, 5 CKAH L, RSB #1 RS ¥ g {2 it
KA A I 4R 5 (P<0.05) , FL it RSB 45— 4 3
7 7.6% , 45 ZAEHE R 10.6% , 55 = 55 DU AE 43 4
14.5% F19.7% , F- ¥ B4R 10.7% . RS 55 1~4 4F 53
5 7= 5.2% . 10.5% . 15.5% . 7.0%, V- % 45 4 15 7
9.6%. BT 2015 4%, HABAE {7y RSB X #k i F1 ™ £ 7Y
SRR T RS,
2.2 X35 H 118 pH #1 CEC B9 5401

13 pH #1 CEC J& 5 221 13 b 74845, pH A] LA
A R L R IIE A, CEC A] LITEM 3R IE AE
F1o 5 CK AL, RSB Fil RS Xf pH “F- 2 £ 4E 54 /111 0.13
F10.04 4> BLA, XF CEC 343 /i1 0.14 ,0.07 emol - kg™
(£3). HTWIE/N, LHERER, ZopER X,
RSB Xt -4 pH A2 A 8 3
2.3 xRS H L1 TCH TN B0

2013—2016 4, RSB HI RS ¥ g4 2 $ i A 1 -
BETC & (1), Hith RSB A5 1~4 45 By B 18 43 51 Ny
6.91% .15.23% .12.69% .27.89% , RS %} 1~4 4F- fit) 4§ %
43 5 H 10.68% . 10.84% . 12.28% . 15.18%. 4 4 ,
RSB F RS X - 43 TC & 12 A 4E 43 1 4301l 4 3.05 g
kg Fll 2.50 g - kg™, 4 34 14 0 4 B M 15.77% F
11.81%. TAEEFFZE5 4 4F RSB 19 +3% TC & =
M —4E 1 2251 g kg ' $2 TN T 2778 g kg, EL B
F T CK5 RS(P<0.05) , [l I\ 4 45 1 2545 3400 ok
B RSB EFEM L RS

[ 4% , RSB Fll RS W0 BB 2L 48 o Fef HH -4 TN 5 1=
(B 1), 444 RSB Ml RS X} -3 TN & & (4 #4114 1
I3 0.13 g- kg F10.24 g+ kg, 4F 14 lE 43 5] K
5.12% F19.24% , /N T+ HE TC i385 . LAk, M 4 4
HILEE 0% KT , RSB HI RS ] LASEH 449 TN 4 3%
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Table 2 Effects of biochar application on rice height and grain yield

FehR Qb B 20134 2014 4F 20154 2016 4F ¥E
PR Hi/em CK 88.35+1.86b 87.04+0.49b 86.79+1.58b 86.87+2.26b 87.27+1.35¢
RS 88.53+0.58ab 89.52+2.21b 92.46+0.85a 88.97+1.81ab 89.87+0.44b
RSB 91.45+1.63 a 93.03+1.68a 95.17+1.81a 91.07+0.75a 92.67+0.34a
FEE/t-hm? CK 7.91+0.22b 9.30+0.39b 8.87+0.36b 8.61+0.50b 8.67+0.12b
RS 8.32+0.26ab 10.28+0.11a 10.25+0.03a 9.21+0.25ab 9.51+0.11a
RSB 8.51+0.10a 10.29+0.12a 10.16+0.15a 9.45+0.35a 9.60+0.170a

T B FE 0 (7] — A PR AN 4 AR R (EDR 1 o P I%(n=3) J5 B/ NG TREROR AR BIH] 22 535 5% L E Ko TR,

Note: Average value calculated from the means of every replication in 4 years of each treatment. Lowercase letters(n=3) indicate significant differences

at 5% between different treatments. The same below.
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Table 3 Effects of biochar application on soil pH and CEC
b b F 20134 20144 20154 20164 ¥fi
pH CK 5.21+0.03a 5.03+0.04a 4.97+0.05b 4.62+0.07a 4.95+0.03a
RS 5.23+0.10a 4.97+0.03a 5.06+0.06ab 4.71+£0.17a 4.99+0.08a
RSB 5.34+0.09a 5.11+0.18a 5.11+£0.05a 4.74+0.09a 5.08+0.07a
CEC/cmol - kg™ CK 8.91+0.27a 8.92+0.13a 7.49+0.31a 7.73+0.35a 7.94+0.11a
RS 8.37+0.35a 9.23+0.50a 7.58+0.51a 7.88+0.20a 8.01+0.40a
RSB 8.84+0.14a 9.25+0.18a 7.72+0.23a 8.06+0.30a 8.08+0.11a
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Figure 1 Effects of biochar addition on the paddy soil TC and TN contents
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Figure 2 Effects of biochar addition on the paddy soil M3-P,K,Ca,Mg, Al, Fe,Mn and Zn contents
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Figure 3 Correlation matrices among rice yield, soil pH, CEC and soil nutrients from paddy soil
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