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Effects of Different Biochar Application Patterns on Rice Growth and Yield

WANG Yue-man'?, GAO Qian'?, XUE Li-hong', YANG Lin-zhang', LI Hui—xin?, FENG Yan—fang"

(1.Institute of Agricultural Resources and Environment, Jiangsu Academy of Agricultural Sciences, Key Laboratory of Agro—Environment in
Downstream of Yangtze Plain, Ministry of Agriculture, Nanjing 210014, China; 2.College of Resource and Environmental Science, Nanjing
Agricultural University, Nanjing 210095, China)

Abstract : Biochar has positive effect on carbon sequestration and soil improvement, consequently biochar application has been attracted more
and more attention in recent years. However, so far, few investigations about the effects of biochar application patterns on crop growth, which
may have a direct impact on biochar’s application and comprehensive environmental effects have been reported. Herein, soil column study
was conducted using four biochars, i.e., wheat straw (WBC ) and wood sawdust(SBC) that pyrolyzed at 500 °C and 700 °C, respectively, to
study the effects of two different biochar application patterns on rice growth. These two typical biochar application patterns were : generally
mixed application (mixed treatment ) and surface application (surface treatment ). The results showed that: (1)In comparison with CK, all
biochar application treatments promoted the growth of rice in terms of plant height and SPAD (Soil Plant Analysis Development ) value. Plant
height of surface treatment was higher than that of mixed treatments at the heading, filling and maturation stages. SPAD and NDVI
(Normalized Different Vegetation Index) value of surface treatments were slightly lower than mixed treatment. (2)Biochar significantly
increased rice seeding setting rate by 4.88%~8.39%, moreover, surface treatments were observed higher rice seeding setting rate than mixed
treatments. However, no significant difference was observed in the number of effective panicles, grains per spike and 1 000 — grain weight

between surface and mixed treatment. (3 )Application of biochar promoted rice yield, and surface treatments were more likely to increase rice
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yield compared with the conventional mixed treatments. (4 )All biochar treatments increased rice harvest index by 2.58%~10.56%, and no

significant difference was found between surface and mixed treatment. (5)All applications of biochar promoted nitrogen, phosphorus and

potassium partial productivity, which was 9.81%~36.25% higher than that of CK.

Keywords:rice yield; biochar; application pattern; surface treatment
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AR R B R HERR 3 B ke A, IR AT -
pH {4 6.38( 17K [t 1:2.5), A ML & i 2.28% , TN,
TP.TK &4 314 1.56.0.96 .4.12 g-kg™'. I HL
INFEREFE R BBER 2 FiAED AR, 20 5 2 Rk
PRI FE (500,700 °C) R il 5 /N FEFF A9 5 (WBC)
FUA 528 K A2 4 o (SBC) (X 7 fiiy 44 27 WBC500 |
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A B ME BT AN 1 s o B AEAS ARl PVC
#RLE T, BARR S A 948 30 em, 5 50 em, JIET
WA HEAKSL, R /K e B A AT

x1 Il EREAER
Table 1 Physical and chemical properties of biochar

Qb3 pH {H TN/g-kg™ TP/g-kg’  TK/g kg™
WBC500 9.51 13.30 4.40 20.90
WBC700 8.91 14.15 4.61 21.06
SBC500 8.37 2.81 3.83 13.67
SBC700 9.63 4.72 3.09 25.71

AAXIGBE B 0.5% 4= ) et it (WIW ) 5 A= 4 1
Jite i =X A R it o A= ) TR BIVKE B2 3
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oy 4:4:2, IS AL A R B AL , H A BT —
WA, BEAE (P,0s) B IE (K0 ) EL A4 2 43 51 Ry
96,192 kg-hm™, H & I/KFKZIRFFLE 3~5 em, FE
KKK AT R ARG, HeikE 9 414bF
(F2), FM40HE 3 ANES A A 35 kg 9K
fe -, A IR 50 em, BRI AR 40 5 Y
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Table 2 The experimental treatments

A7 EREL WAELE/C R (%, WIW) it Js =X

WBC500  /NEFSFF 500 0.5 Rt
SBC500  AJFHEA 500 05 Rt
WBC700  /NEFSFF 700 0.5 Rt
SBC700  AJFAEAR 700 0.5 TRt
WBC500-B  /NEFEFT 500 0.5 Fliti
SBC500-B  AJFifEA 500 0.5 it
WBC700-B  /NEFEFF 700 0.5 it
SBC700-B  AJFifEAK 700 0.5 it
CKU — — — —

T : CKU Ayt i & AE X BE
Note: CKU for the application of nitrogen control.
ment) . H—{bE#FEE NDVI (Normalized Different
Vegetation Index )4 1l 5 , HoHr SPAD (410 LUK A
FAYIEE ISl % G2 o kv A P B R B e A
BB i FH B 3E [E Trimble 23 5] 4 72 GreenSeeker T
FEAOEIEAIA KT 5 AT AR NDVL RATH A
Minolta % ] () SPAD-502 if2¢ 2 X5 /K % SPAD
{EL, PR FE BRI 18] B S A R 1 9:00—11:00, Kk
il - 398 4 R T R A AL T AR W WSO A, 4l
KRR - BT L B, 28R IR - S
B2 WA LR
IKFEREE  BCH B30, o BR PR S AEARAT
IKFEFERL B SR 2 R G FR it A AL SE PR TS
HrEE 0 E A AT KRR AR AR B R SR R
B TRLE S R IR AR
1.3 RS
{i Ff] Microsoft Excel 2013 #1 SPSS 20.0 #F1 7545
G157, F OriginPro 8.0 #H172214
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HATIN 225%~863% FEUKT T , AL FRET I TR EALHE
SPAD {E4Y/ N ARl 1 A= b 3, 500 “CLER)
HRALFR SPAD {7 T 700 CAHALFE, Hid WBCS500
5 H WBC500-B 4bFRAY) 1.34% ~5722% ,WBC700 & H
WBC700-B ZbHf 3.019%~4396%. ARk A5
AbFRZ 1] SPAD {EARTLIAT B S A
2.1.3 jitifinA: 9 5t K g NDVI )50
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Table 3 Effects of applying biochar on rice plant height at the different key growth periods(cm )

kb3 Treatments 4y BE] Tillering stage K717 ] Elongation stage  flif# 4] Heading stage WEIZ I Filling stage JEY] Maturing stage

WBC500 47.36+4.20a 71.93+1.83ab 99.87+1.97ab 100.30+1.73a 98.01+2.98ab
WBC700 45.37+4.92ab 71.74£2.25ab 95.99+3.45hcde 96.06+3.74ab 96.62+3.15abe
SBC500 42.83+2.18ab 72.79+2.38a 93.96+2.62cde 96.52+1.65ab 92.63+1.30¢
SBC700 45.60+1.72ab 68.08+1.23cd 93.26+3.21e 93.39+2.46b 92.87+2.78¢
WBC500-B 44.12+3.78ab 68.42+1.39cd 101.96+3.36a 101.36+3.20a 99.76£3.71a
WBC700-B 42.83+4.19ab 66.47+4.40d 98.08+4.79abed 98.30+6.24ab 95.26+4.48bc
SBC500-B 41.00+3.56b 68.68+2.95¢d 93.68+4.11de 98.19+3.82ab 94.59+3.77he
SBC700-B 43.39+4.28ab 68.20+2.43cd 98.49+4.48abc 99.82+4.56a 98.34+3.54ab
CKU 43.44+3.32ab 69.67+5.48bc 95.97+2.10bcde 97.63+2.20ab 98.13+2.72ab

T : AU R PR 3R A& 4 B 22 57 i35 (P<0.05) . T Il

Note:Different letters in the same line mean significant difference among different treatments( P<0.05 ). The same below.
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Table 4 Effects of applying biochar on rice SPAD at the different key growth periods

kb3 Treatments SrBEM Tillering stage #5717 Elongation stage  filif# ] Heading stage HEIZ W Filling stage  Jil{EY Maturing stage
WBC500 42.82+1.35ab 45.40+1.91a 46.60+0.70a 45.19+1.47ab 35.85+1.22a
WBC700 43.67+1.55a 43.93+0.41ab 44.04+1.93bed 43.93+1.29ab 31.49+1.97b
SBC500 41.77+0.23b 43.85+0.50ab 44.6+0.70abc 45.72+0.22a 37.97+0.94a
SBC700 41.49+0.25b 40.39+0.73cd 43.64+1.24bcd 43.57+0.61ab 29.01+2.76b
WBC500-B 42.25+1.25ab 43.04+1.00b 45.42+2.24ab 41.35+2.4c¢d 22.80+4.16d
WBC700-B 41.62+0.56b 39.31+2.41d 42.75+0.77cd 40.29+1.41d 21.87+1.88d
SBC500-B 42.27+0.89ab 42.40+0.41b 42.91+0.94cd 40.72+0.87d 27.09+1.40be
SBC700-B 43.02+0.19ab 42.69+1.27b 44.13+0.56bcd 41.13+0.70cd 24.05+3.59¢d
CKU 42.05+0.53ab 41.80£1.01bc 41.81+0.88d 43.25+0.54bc 30.13+4.56b
&5 MEMEMRITAEE NDVI FERE X E KRR
Table 5 Effects of applying biochar on rice NDVI at the different key growth periods
kb3 Treatments SrBEM Tillering stage #5717 1] Elongation stage  filif# ] Heading stage HEIZ W Filling stage  Jil{EY Maturing stage

WBC500 0.14+0.04a 0.65+0.10a 0.64+0.01ab 0.67+0.01a 0.51+0.05a
WBC700 0.14+0.05a 0.63+0.04a 0.60+0.02b 0.64+0.01be 0.44+0.05ab
SBC500 0.14+0.02a 0.68+0.03a 0.66+0.01a 0.65+0.02ab 0.50+0.02a
SBC700 0.11+0.01b 0.58+0.05a 0.62+0.02ab 0.62+0.02bcd 0.44+0.07ab
WBC500-B 0.14+0.06a 0.66+0.08a 0.64+0.02ab 0.58+0.03e 0.28+0.06¢
WBC700-B 0.17+0.01a 0.52+0.10a 0.64+0.02ab 0.59+0.01de 0.33+0.04bc
SBC500-B 0.12+0.04a 0.58+0.13a 0.62+0.03ab 0.60+0.02cde 0.35+0.06bc
SBC700-B 0.14+0.06b 0.61+0.09a 0.62+0.03ab 0.63+0.01bcd 0.34+0.04bc
CKU 0.13+0.02a 0.56+0.02a 0.62+0.03ab 0.62+0.01bcd 0.43+0.01ab

[ 3R AR, 351 A B B I AR - 28 S IR AN K
SEEA TR R, A D BT R A Ak
TRHEALFE NDVI 38 =5 F X B CKU, & iR 4.01%
~21.71% , it b 3HIN 38 3 1% Tt E Xo) B CKU . (Rt
Fta b3 NDVI 53 /N F It AR P o AN [RILEE 6 25 1)
AWy B hb FAE NDVI Jy 11 3% B O 1R it 55 F
WBC500 1 SBC500 () NDVI 43 31 & F WBC700 I
SBC700; it 4% T HAS [R5 BE il £ 1 A= 9 e Ak B
WA BA X —HE . AFEA R & A i, BN
FFERTHE PR IR AR A i 22 [BIND VI $8 A AE B
A
2.2 HEANAE M AR Xk FE = 2 M R B F R RN

KR 7= 2 AR B PR LR A K AR 7 i R 6
7 AN Rl A= 9 b B R ity =Xk S 2 kg 1K
FRLE Sz 2%, Xt B CKU 14 1F 4.88%~8.39% ,
SBC500-B 4 % £ & ,SBC700-B #%{% . WBC500,
WBC700 F1 SBC500 £ 552 34K T 15 HOXH 1 i it A
PR, IRt AL TR EE R T CKU, BR T SBC700 H:
b PRI R A S 2 o A= ) e it A B 5 X IO TR
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Table 6 Effects of applying biochar on rice yield—components traits

Jb3 AR TR I TR E
Treatments Effective spike number/-pot™ Grains per spike/grain-spike™ Seed setting rate/% 1 000-grain weight/g
WBC500 34.00+2.00bcd 97.16+3.72ab 94.17+0.31ab 28.90+0.24abc
WBC700 32.00+1.00cd 105.83+4.39ab 93.74+2.63b 30.56+1.29abc
SBC500 38.00+1.00b 103.96+2.53ab 95.11+0.68ab 28.66+1.59abc
SBC700 34.00+3.00bcd 95.68+6.83ab 95.25+1.25ab 32.25+1.44a
WBC500-B 45.00+3.00a 106.72+13.35ab 94.69+0.16ab 26.80+0.57¢
WBC700-B 35.00+3.00bed 118.22+1.25a 94.54+0.80ab 30.49+2.98abc
SBC500-B 31.00+2.00d 95.22+5.80ab 96.85+0.29a 30.99+3.23ab
SBC700-B 35.67+2.31bc 117.46+4.48a 93.71+0.34b 30.42+3.10abc
CKU 34.00+1.73bed 95.83+4.31b 89.35+341c¢ 28.27+0.26bc
061
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Figure 1 Effects of applying biochar on rice yields
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Figure 2 Effects of applying biochar on rice harvest index
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