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Effects of Biochar Application on Yield, Quality, and Soil Fertility of Lettuce Under Nitrogen

Reduction

CHENG Mingkun', XIAO Hongdong', LI Xuewen', LIU Jiayou', YU Min', HUANG Liping', MIN Ju?, SHI Weiming'"

(1 International Research Center for Membrane Biology and Environment, Foshan University, Foshan, Guangdong 528000,
China; 2 State Key Laboratory of Soil and Sustainable Agriculture, Institute of Soil Science, Chinese Academy of Sciences,
Nanjing 210008, China)

Abstract: Biochar (BC) application can improve soil fertility, enhance crop yield and exert other positive effect. In this study, the
responses of lettuce yield, quality and soil properties to chemical fertilizer nitrogen (N) reduction and BC application after one
year were investigated in order to guide the reduction of chemical fertilizer application and scientific usage of BC in open field
vegetable production in the Pearl River Delta region. A field plot experiment was conducted in Sanshui District, Foshan City,
China, to investigate the changes in lettuce yield, quality, SPAD value and soil nutrients under five treatments, i.e., conventional
N application (N100%), N reduction of 20% (N80%), N reduction of 40% (N60%), N reduction of 40%+BC of 10 t/hm’
(N60%+BC10) and N reduction of 40%+BC of 20 t/hm? (N60%+BC20). Lettuce yield is significantly decreased by 13.5% under
N60% treatment compared to N100% treatment. Under the condition of 40% N reduction, the application of 1020 t/hm* BC
improves lettuce yield by 9.5%22.7%, equal to the yield of N100% treatment, demonstrating that BC application has a

significant effect in improving lettuce yield. Nitrogen fertilizer reduction and BC application has inconspicuous effect on lettuce
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single plant weight, diameter and water content, while there are different effects on leaf SPAD values at different growth stages.
The increase of N and P uptake in lettuces treated with BC under N reduction is one of the mechanisms of yield increase. Nitrogen
fertilizer reduction does not significantly affect nitrate content, but reduces total polysaccharide content of lettuce. While
N60%+BC20 does not affect the total sugar content but significantly reduces nitrate content by 34.6% in lettuces, which have the
effect of improving the quality of lettuce. Both N reduction and BC application promote soil pH, with N60%+BC10 and
N60%+BC20 treatments significantly increase soil pH by 0.48—0.65 units compared with N100%. Moreover, BC application
under reduction of N conditions has the potential to enhance total soil phosphorus and organic matter contents. The application of

N80% or N60%+BC10 can still improve the uptake of N and P by lettuce after one year, which ensures the yield of lettuce as well

as improves the quality and refines soil of the vegetable field.

Key words: Soil fertility; Field vegetable; Biochar (BC); Chemical fertilizer reduction; Nutrient management
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Fig. 1

Effects of biochar application on the yields (A), per fresh lettuce weights (B), diameters (C), and water contents (D) of lettuces under

different treatments with N reductions
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Fig. 2 Effects of biochar application on the SPAD values of lettuce
leaves under different treatments with N reductions

23 4A¥ER. eMEEESRKE

AHEE N100% Ab3H, N80% 5 N60% Akb3iA:3%
ERTESND EFEMKT 15.61% Hl 12.14%
(P<0.05), UiWILIEEBUGEREIR T A eR S, [F
1EN60% 1K, 5 N60% AbHAI L, N60%+BC10
5 N60%+BC20 bFA 2R T ERE 9.7% ~
11.1%, {H2 5Kk 0 E K (K 3A). & 3B 455R3%
B, AR R 5 A ) B it R 45 A B A S 4l 7

X R

P&l 3C 2 5 S e T ek A B 2Rt FH A= 90 J5 e xof A
FEREGEWHWIE N . N100% . N80% Fl
N60%oAb H A 3 4 RS 2R 4 N R, 4331 290.9 .
253.3 Fil 228.8 kg/hm®, ] UWLAKAE R site 3 350 3 4
R W R, FLIS IR 2 5 et L 491 52 TR AHOG .
N60%+BC10 b4 A4 3 4 F I B 2 2 5 T N60%
ARFE 41.3% (P<0.05), BT N100% AbH, 45
A A 5 AT, WA 40% ST AR TR
10 ~ 20 t/hm® AT LA 2 A 3 % S0 0 IR A o 25 ML 2L
AhEE, 5 N60%+BC10 AbBEAH L, N60%+BC20 AbFE

SERM IS AR, X 5 HAS BT N60%+

BC10 ZbFHA 3¢, RIS B A ok A AN )
b PR A SE AT RN R RMOR R [\, & 3D
SEIR T, A0 R A 5 A 0 T it FH X 5 b B A S
ERTA TS e P RIE Sl
24 EXEMEEWHRBRESE

At AL R A S B 1.00 ~ 1.42 g/kg, H.
AL FRR] G 2 2 () 4A)., B0, fRIB & A
A T B S R IR R, T N60% 4%
PR, AP TR ELAT BT AR S SO AR,
BIFT 1% ~32%. [E 4B 4550 KM, &t &4 F A4k

http://soils.issas.ac.cn



51 TRUIERAS . WRRSAE T AR W R A FH R Bk = fA L X A S | B A SR R A 41
50 (A) 40 (B
a ab _
= b
%.3 . % 32f . a a
Iy il
34 ﬁ 24 & ¢
® z
ﬁ ﬁ 1.6F
% % sl
tul eyl
OO 1 1 1 1
0\0 e\° e\° \Q %Q
& & & &
S
& 8
Qb
_500p (©) _40.0[ (D)
g a 5
5 4001 X D 320¢ a
= ab a -
B 300t b . @ 240} b ab
E% = ab b
& 200t = 1601
hi hi
= 100 = 80f
® =
H 0 1 1 1 1 ﬁ OO 1 1 1 1
o\e Qo\c Qo\c C\Q C:\’Q : Qa\e QQ o Qa\e C\Q C:\’Q
S R R R
@0\° @0\0 @Q\o @,\Q
&S &S
phsL] phsL]

3 UREEBEMEMERREAIERTA). BHB)ZERBRIEC. D)MIFIT
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201 (A
a
= b
;l.S- £ ab
= b b
T 10F
paa
==
T
VA
R 05t I I
OO \ 1 \ I\ IQ 1 Q
Qeﬁ QQB QQ% \ q’
R
& &

yis

120 B

96

<48

B4 IERBEMENRRERNEZDEOA)MBELEB) SN

Fig. 4 Effects of biochar application on the total sugar (A) and nitrate (B) contents of lettuces under different treatments with N reductions
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Table 1 Soil pH, organic matter, total nitrogen and total phosphorus contents in post-harvest tillage layers (0—20 cm) of lettuce
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