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Effects of biochar on soil water and grain yield of
winter wheat in the North China Plain

KAN Zhengrong, PU Chao, QI Jianying, MA Shoutian, LIU Peng, ZHAO Xin, ZHANG Hailin”
(College of Agronomy and Biotechnology/Key Laboratory of Farming System of Ministry of Agriculture and Rural Affairs,

China Agricultural University, Beijing 100193, China)

Abstract A field experiment was conducted to study the impact of biochar on soil water and grain yield of winter wheat
under wheat-maize cropping system in the North China Plain. Four treatments,including 7 200 (BH),3 600 (BM),1 800
(BL) and 0 (CK) kg/hm? biochar addition rates, were conducted during 2014 — 2017 at Wugiao Experimental Station of
China Agricultural University ,Hebei Province. The results showed that: Compared with the CK,BH.BM and BL increased
the grain yield of winter wheat by 1.84%,7.28% and 5. 03% on average for 3 years, respectively. In addition,
additionial biochar reduced the water consumption and improved the water use efficiency by 5. 96% — 14. 86% ,
9.42% — 19. 18% and 5. 96% — 13. 50% , respectively. The application of biochar also increased the soil water
content. Compared with the CK, the increase amplitude of BM was the largest in the upper layer of 0-60 cm. The
increase amplitude of BL was the largest in the middle layer of 60 — 120 cm and the lower 120 — 200 cm, respectively
(P<C0.05). In summary, biochar addition can increase soil water content and grain yield. Statistical analysis showed
that the soil water content and grain yield were the highest under 3 389 — 3 882 kg/hm? and 3 500 — 4 357 kg/hm?
biochar addition rates, respectively. Moreover, there was a positively significant correlation between soil water content

of 0 —60 cm soil layer and grain yield (P<C0.05). Therefore, the application of biochar not only increased soil water
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content and reduced water consumption, but also increased grain yield and water use efficiency of winter wheat.

Application of 3 000 — 4 500 kg/hm? biochar under the conditions of this experiment was optimal.

Keywords North China Plain; biochar; soil water content; water use efficiency; grain yield
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F1 £YRMNENERABFTEISNEMN
Table 1 Effects of biochar on soil bulk density of

winter wheat at maturity stage g/cm?
FEAy fib FHEVRE/em Soil depth
Year Treatment 0~5 5~10 10~20 20~30 30~50
BH 1.13 b 1.18 b 1.29 be 1.46 a 1.55 a
BM 1. 20 ab 1.25 a 1.31b 1.46 a 1.52 a
2014—2015
BL 1.21 ab 1.22ab  1.26 ¢ 1.45 a 1.53 a
CK 1.23 a 1.24 a 1.40 a 1.47 a 1.57 a
BH 1.22 b 1.24 b 1.39 b 1.44 b 1.49 a
BM 1.28 a 1.33 a 1.49 a 1.45 b 1.58 a
2015—2016
BL 1.28 a 1.31 a 1.48 a 1.52 a 1.56 a
CK 1.30 a 1.32 a 1.51 a 1.55 a 1.56 a
BH 1.15 b 1.22 b 1.29 b 1.35 b 1.49 a
BM 1.23 a 1.29 a 1.36 a 1.43 a 1.51 a
2016—2017
BL 1.24 a 1.27 a 1.33 ab 1.41 ab 1.59 a
CK 1.25 a 1.28 a 1.35 a 1.42 ab 1.49 a
BH 1.17 b 1.21b 1.32 b 1.42 b 1.51 a
YIE BM 1.24 a 1.29 a 1.39 a 1. 45 ab 1.54 a
Mean BL 1.24 a 1.27 a 1.36 ab 1.46 a 1.56 a
CK 1.26 a 1.28 a 1.42 a 1.48 a 1.54 a
) *% * * * ns
J5 253 1
Y *% * * ns ns
ANOVA
TXY ns ns ns ns ns

E :BH.BM.BL Fl CK 435 g A ¥ 7% 7 200.3 6001 800 Fil 0 kg/hm? ; T 2 /5% Jifti JFI 25 49 ¢ b 71 5
Y RRAE . FFIAF /NG 8RR 5] — 4y A [ 5¢ K F- 8] 28 5 i 3 (P<<0. 05) , %% KR
P<0.01 KV FE2ZFBE, » FR P<0.05 KF EZERFRE . ns BARARE, TR,

Note;: BH.BM,BL and CK refers to 7 200,3 600,1 800 and 0 kg/hm?, respectively. T and Y

indicate biochar addition treatments and year, respectively. Different small letters in the

same column indicate significant difference at 0. 05 level among biochar addition

treatments in the same year. ** and * indicate difference at 0. 01 and 0. 05 level. And ns

mean not significant, The same below.
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o 3 A4 L JE A 133 B oK R TR AR (] 2438 21 25K
S (P<0.05) , H i 0~60 1 60~120 cm + JZ 5 %)
M ik 25K (P<<0.01), L3 2,
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Table 2 Effects of biochar on soil water content of

winter wheat at maturity stage %
AEAY fob 3 + 2% /em Soil depth
Year Treatment 0~60 60~120 120~200
BH 11.11 b 18.52 a 31.32 a
BM 13.11 a 17.89 a 28.56 ab
2014—2015
BL 12.23 ab 16.55 b 29.56 ab
CK 10.54 b 16.46 b 27.08 b
BH 12.03 ab 17.99 a 30.89 a
BM 13.55 a 16.98 ab 28.33 ab
2015—2016
BL 13.22 a 15.69 b 28.56 ab
CK 11.25 b 16. 33 ab 27.36 b
BH 10.01 b 16.88 a 28.96 a
BM 12.26 a 14.66 a 27.42 ab
2016—2017
BL 11. 35 ab 15.26 a 26.65 b
CK 9.89 b 14.98 a 26.33 b
BH 11.05 b 17.80 a 30.39 a
HI{H BM 12.97 a 16.51 b 28.10 b
Mean BL 12.27 a 15.83 b 28.26 b
CK 10.56 b 15.92 b 26.92 b
* % *% * %
VRV
*% * % *
ANOVAY
XY ns ns ns

2.3 MAEYRMENEEREEEFNTEN
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2.3.1 AEDRFANEBRLEEDTZAY R
Jiti FH A 200 e ok SR AR L IR K R B AT R AN
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BL b FREEACE] 3 4E 108 fe . BM A HLR 2Z , BH,
BM 1 BL 4b # (% 3 4 J A H H CK SF ¥ 3% i
10.54% .7.37% 1 1. 66 % , BH F1 BM &b 3 i i &
K- (P<<0. 05) ., BM kb B 5 KL BERAAIG (H A 5%
FERCR & e 2 U R AR 3 4R Th X o d5c i BML Ak 3
3B BHLBL #il CK 4b F 55 28. 93% ,16. 46 % il
19,380, BRA CHREL, HE AT | f5 K25 BE HOR Bl A
FRAE AR A ] 34 35 3 & 3 /K- (P<<0. 05)

2.3.2 e AR F et @RI YR

Jite FH A 90 e ot 4% /N2 32 L A I U A o TR R
BOA B E I (P<0. 05, 3 4) . Horp ok 20 0 AT
A6 19 52 T 35 B A 5 3 7KOF (P<<0. 01) o S [ it i
6T PR T B ) T R e AR S AR £y B R — 3K, 3
AR YIE FE I8 BM>BL>BH >CK, Z&f##ik 5|
T K TR B0 . BM AR FRAE 2014—2017 4354 4%
FKOF L 3 AF ¥ E W 2 S T BL ORI CK kb3 JF B
BM &b AR TFAE A A7t R Rr 6 38 i K F L 3 AR [ 3
{8 48 [t F BH.BL F1 CK 43 %/ 7. 69% .10. 85% F
16. 67 % 35 3] i /K- (P<<0. 05) . k153 22 fl i
U630 it 1o AR 000 A7 00 [ 35 36 31 i 35 K7 (P<<
0. 05) , HH - B 38 BB k35 /K- (P<<0. 01),
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2.3.3 A AEMHEIL D EFEF S IR A A B0, A= Wy A3 T ORRL P (3R 5) . Hidh BM Ab
& OB A A L, BL k2 ,BH.BM FI1 BL b3 3 4F [ ¥918 1
it FH A 4 5 b R R P RS2 3 S A 7 TB) H— CK AbH4> 58 1. 84% .7. 28 % 1 5. 03% , Hirp BM

K3 EWMRXMNENERHEZENSHZM

Table 3 Effects of biochar on population dynamic of tillers of winter wheat

N I R ZREER/ HRGEE/ y
AR/ - : %/ %
gy b 7 , (X10*/hm?) (X10* /hm?®) A
(X10'/hm*) Spike rate
Year Treatment ) ) Maximum number Efficient
Basic seedlings percentage
of stem tille spike number
BL 477.22 a 2 006.95 b 656.40 ¢ 32.71 b
BM 472.52 a 1985.62 b 826. 65 a 41.63 a
2014—2015
BH 429.01 b 2 036.80 b 715.64 b 35.14 b
CK 425.66 b 2178.92 a 749.55 b 34.40 b
BL 500. 30 a 1 865.92 a 652.52 ¢ 34.97 b
BM 480.93 a 1655.39b 792.33 a 47.86 a
2015—2016
BH 460.25 b 1625.37 b 725.60 b 44.64 a
CK 465.27 b 1611.85 b 692.57 b 42.97 a
BL 586.14 a 2 279.14 a 859.10 b 37.69 b
BM 565.38 a 1 958.66 b 907.58 a 46. 34 a
2016—2017
BH 548. 68 ab 2 200.23 a 811.22 ¢ 36.87 b
CK 523.60 b 2 156.34 a 785.20 ¢ 36.41 b
BL 521.22 a 2 050.67 a 722.67 b 35.12 b
A BM 506. 28 a 1 866.56 ¢ 842.19 a 45.28 a
Mean BH 479.32 b 1954.13 b 750.82 b 38.88 b
CK 471.51 b 1 982.37 ab 742.44 b 37.93 b
T * ¥ *¥% * % * ¥
kil
Y * * ns *
ANOVA
XY ns ns ns ns

R4 EPRIZNEFFDEETHHHERIBEHHZ M

Table 4 Effects of biochar on leaf area index during different growing stages of winter wheat

A fib 7 BT AT FAE
Year Treatment Jointing stage Booting stage Flowering stage
BH 4.32 b 5.01 b 4.12 ab
BM 4.65 a 5.35a 4.25 a
2014—2015
BL 4.75 a 5.12 ab 3.65b
CK 4.31b 4,98 b 3.55 b
BH 4.16 ab 5.64 a 3.70 b
BM 4.21 a 5.58 a 4,08 a
2015—2016
BL 4.00 b 4,33 b 3.46 ¢

CK 4.25 a 4.55 b 3.78 b
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A b 2 BT AR THE
Year Treatment Jointing stage Booting stage Flowering stage
BH 5.15 ab 6.24 a 2.71 b
BM 5.32 a 6.32 a 3.01 a
2016—2017
BL 5.05 b 5.44 b 3.12 a
CK 4.41 ¢ 6.10 a 2.39b
BH 4,54 b 5.63 a 3.51b
Y{E BM 4.73 a 5.75 a 3.78 a
Mean BL 4,60 ab 4.96 ¢ 3.41 b
CK 4,32 b 5.21b 3.24 ¢
T * * % * %
VRS
Y * * * ¥
ANOVA
TXY ns ns ns

RS5 EYRIZNEFHFEE KA ARNENZIN

Table 5 Effects of biochar on grain yield and water use efficiency of winter wheat

FERL™ 4/ HFE/K i/ mm ko F R/

A A 3 , .
(kg/hm*) Total water (kg/hm*)
Year Treatment )
Grain yield consumption Water use efficiency
BH 8 600.26 b 398.68 ¢ 21.57 ab
BM 8 956.23 a 405. 30 ¢ 22.10 a
2014—2015
BL 8 566.77 b 425.62 b 20.13 be
CK 8 263.68 ¢ 440.12 a 18.78 ¢
BH 7 970.79 b 457.32 be 17. 43 ab
BM 8 637.75 a 442,65 ¢ 19.51 a
2015—2016
BL 8 554.30 a 460.35 b 18.58 a
CK 8025.92 b 490. 16 a 16.37 b
BH 7 686.70 ab 369.56 b 20.80 b
BM 7 959.63 a 370.64 b 21.48 a
2016—2017
BL 7 895.34 a 379. 65 ab 20.80 b
CK 7 529.65 b 383.65 a 19.63 b
BH 8 085.92 b 408.52 b 19.79 ab
Y{E BM 8 517.87 a 406.20 b 20.97 a
Mean BL 8 338. 80 ab 421.87 a 19.77 ab
CK 7939.75 b 437.98 a 18.13 b
. *% * *
J7 253t
Y *x *% ns
ANOVA

TXY ns ns ns
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Fig. 1 The dynamic of soil water content of 0—60 cm

soil depth under different biochar addition rates
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