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Effect of biochar amendment on orchard soil fertility and yellow peach yield and quality

QIAN Jiusheng', XIE Wenyi', HE Zhonghua’®, LIU Xiaoyu', ZHANG Xuhui"', ZHENG Jufeng', LI Lianqing', PAN Genxing'

(1. Institute of Resource, Ecosystem and Environment of Agriculture, Nanjing Agricultural University, Nanjing 210095, China; 2.Suzhou
Tailong Ecological Agriculture Development Co., Ltd., Suzhou 215000, China)

Abstract: Our objective was to investigate the effect of different biochar soil amendments on soil fertility and the fruit yield of yellow peach,
to provide a scientific basis for biochar use in peach cultivation. We conducted a field experiment to investigate the effect of biochar
amendments on the soil physicochemical properties, soil enzyme activity, and leafl and fruit nutrients of peach trees at different growth
stages, and on the yellow peach yield and quality in an orchard. We designed four fertilization treatments including the conventional
fertilization regime in the local area as the control (CK) and the application of three biochars from rice straw (RB), wheat straw (WB), and
Chinese fir (FB), separately. In the biochar treatments, we applied the biochar at the rate of 20 t+ hm™ with conventional fertilizers. The
results showed that all biochar amendments significantly increased soil organic matter content, whereas they significantly decreased
ammonium nitrogen, nitrate nitrogen, and available phosphorus contents. Compared with the CK treatment, the WB treatment significantly
increased soil pH, cation exchange capacity, and total nitrogen content by 6.7%, 15.4% and 17.6%, respectively. Biochar amendment
significantly increased normalized enzyme activity by 80.0%—96.0%. The responses of soil fertility varied among the biochars. Compared

with the CK treatment, the WB treatment significantly increased the soil fertility index by 17.8%. In addition to RB treatment significantly
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decreased the fruit nitrogen content at the hard—core stage compared with CK treatment, WB and FB treatment promoted the uptake of

nutrients by the trees. Compared with the CK treatment, the WB treatment significantly increased the leaf potassium content at the mature

stage, fruit phosphorus content at the first expanding stage, and fruit potassium content at the first expanding and hard—core stages. The FB

treatment significantly increased leaf phosphorus content at the second expanding stage, leaf potassium content at the mature stage, fruit

nitrogen and phosphorus contents at the first expanding stage, and fruit phosphorus content at the mature stage. Compared with the CK

treatment, the WB treatment significantly reduced single fruit mass by 12.7% and titratable acid content by 13.8%, but had no significant

effect on fruit production, soluble sugar content, or sugar—to—acid ratio of yellow peaches. In conclusion, biochar amendments can improve

soil properties through increasing the pH, organic matter content, and enzyme activity, and by promoting nutrient uptake; however they

have little effect on peach yield and quality in the short term.

Keywords: yellow peach; biochar; soil fertility; yield; quality
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Table 1 Basic physicochemical properties of the experimental soils
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‘0
(grem™) y (g-kg™") (mg-kg™") (mg-kg™") (mg-kg™) (g-kg") (g-kg™) (g-kg™)
1.32 17.50 5.11 15.85 97.58 13.53 258.25 0.90 0.72 17.80
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Table 2 Physicochemical properties of the biochar

WA R IR EERIIN T £ ExX0 e
Biochar Specific area/(m?«g™") pH Organic carbon/(g-kg™) Total N/(g-kg")  Total P/(g-kg")  Total K/(g-kg™)
IKFERSFF(RB) 1.22 9.75 407.98 7.91 10.35 32.51
INEZFEFE(WB) 19.08 10.18 536.13 10.24 11.63 41.48
A (FB) 0.94 8.23 688.92 4.18 5.16 5.48
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Table 3 Effects of different biochar on peach yield and quality

2+ R ] “"‘H—;'ﬁ A= aly AR =N ] :,\‘J:A‘n/.\g N
fbm o P Sﬁﬂ/?aéﬁl AL Iﬂb%ﬁg j{ﬁ%&ﬁ; RGeS iy W
Treatment Yield/k Sinele fruit mass/. Fruit shape Soluble solid Titratable acid Soluble sugar Sucar/acid
reatmen 6 e e SRS S index content/% content/% content/% Hearact
CK 51.72+8.24a 296.97+28.28a 0.97+0.02a 11.67+0.68a 0.29+0.02a 7.65+0.73a 26.26+4.01ab
RB 57.15+19.45a  269.57+22.12ab  0.94+0.03a 11.57+0.61a 0.29+0.02a 7.52+0.95a 26.49+3.95ab
WB 51.42+6.07a 259.36+27.25b 0.96+0.04a 11.57+0.45a 0.25+0.02b 7.31+0.50a 29.13+3.95a
FB 45.31+10.79a  289.91+35.63ab  0.98+0.03a 11.18+0.54a 0.30+0.01a 6.88+0.62a 22.94+2.56b
TE « [ S0 AS ) - BER R AL R IE] 22 57 .35 (P<0.05) o R I+l
Note: Different letters in a column indicate significant differences among treatments (P<0.05). The same below.
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Figure 1 Effects of different biochar on N.P.K contents in leaves and fruits
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5 CK M, RB.WB 1 FB 4b P 4 358 @ — 4 4 5 il 15
PR 93 T 50.5% . 42.1% F1 50.2% , £ 4 — BE K
8 T TG PR 2 MR B T 165.4% .187.2% F1171.3% . RB
HTWB Ab A CK Ab B 5 35 45 5 T A 498 AW 1 g A1
B—N— & Tk 28 S 26 7 G P RB AR A3 B 5 T
119.8% H1 77.6%, WB Ab ¥ 43 5] $2& 7 T 183.5% FlI

44.8%, 1 ERRVE W IR I IS VETE RB A FB 2L PR 45
CK Ab 3 4371 b 542 55 T 34.5% F130.8%
25 i EHMAERKMRLARELIERAXE

FHEAE T (£ 6) Bon , AL FE R k=& 5
R E IR BER L R A SRS
HEANE T F8 bR B BTG 1 35 00 B A O . R SRl
PR A 5 oo HBE T 0 5 P A S 2 A G, T
ERGRS TEARA ST RE R E MK, A

F4 REEY RS E ST+ 8 0 4 R R

Table 4 Effects of different biochar treatments on soil physicochemical properties

e FH 25 3 bt ﬁ_m&% £ HASR ﬁﬁé%fi 7@ R JE;&%EF
S pH CEC/ Organic mater/ Total N/ NHi-N/ NO;-N/ Available P/ Available K/
(cmol kg ™) (g-kg™) (g-kg™) (mg-kg™) (mg-kg™) (mg-kg™) (mg-kg™)
CK 5.83+0.24b 15.60+0.79h 19.95+2.44h 0.91+0.07b 9.95+0.69a  6.44+0.49a  25.69+6.44a  245.42+35.13a
RB 5.97+0.16h 16.46+1.34ab 25.83+2.23a 0.92+0.12b 6.93+0.42bc  4.84+0.32b  15.82+2.42h  236.12+51.38a
WB 6.22+0.0% 18.00+2.14a 23.93+2.39a 1.07+0.09a 7.19+0.33b  4.95:0.18b  17.9127.55b  250.27+60.12a
FB 5.97+0.27h 15.44+1.90b 24.25+2.77a 0.94+0.07b 6.57+0.23¢  5.11+0.41b  15.71+3.42b  238.34+59.82a
F5 FNEEYFRRASEI + EEEENZZ0E(hmol - '-h™")
Table 5 Effects of different biochar on soil enzyme activities(nmol+g™'+h™")
W oM p-MMREW wbkmss A POV CTCARMGRTE - mEmE iR
Treatment o—glucosidase  B-glucosidase B-D—cellubiosidase B-xylosidase B-N-acety] Acid Normalized
glucosaminidase phosphatase enzyme
CK 4.01+1.10c  120.60+28.52h 14.95+5.09h 11.87+1.61c 40.69+7.55¢ 112.66+19.12b  0.025+0.002h
RB 8.49+3.67bc  181.56+43.02a  39.68+10.01a  26.09+11.11ab 72.27+8.73a 151.48+25.70a  0.045+0.004a
WB 13.0243.27b  171.32+28.63a 42.93+8.43a 33.65+14.04a 58.90+17.76ab 140.71£9.06ab  0.049+0.003a
FB 19.08+6.42a  181.20+38.93a 40.56+8.67a 20.09+9.13hc 49.53+11.09bc 147.34+34.90a  0.047+0.006a
Fo tERS BEEEN RESEKRIMRZEHEXME
Table 6 Correlations between soil nutrients , enzyme activities, leaf and fruit nutrients and fruit qualities
Ttem Leal N Leal P LealK FruitN Fruit P FruitK Yield = content Rl
gy 0.031 0.134 0351 0011 0315 0277 0222 -0.129 -0.113 -0.030 -0.445%  0.394
AR -0.073 0237 -0.429*% -0.304 -0.427% -0.186 -0.033 0.314 0.127 0.271 -0.014  0.062
A A -0.033 0.132 -0.292 -0.332 -0.452* -0.214 -0.028 0.314 -0.010 0.223 0.078 0.015
R -0.127 0331 -0.263 —0.432* -0.525%* -0.256 0.145  0.373 0.380 0.292 0.090 0.071
AL -0.057 0.568** 0.004 -0.016 -0.042 -0.088 0.250 0.128 0.285 0.340 -0.133 0313
LT 0.133  0.009 0.176 0307 0245 0226 -0.023 -0.141 -0.168 0.126 -0.129  0.184
o~ T ETT B 0.151 -0.345 0.679** 0.471*% 0.591%% 0.345 -0.363 -0.107 -0.078 -0.520%* 0.235  -0.401
B~ it 0.070 -0.100 0.173 0.334 0.355 0.358 -0.133 0.140 0.123 -0.313 0.088  -0.192
2T 2t WK fige i 0.049 -0.143 0.332 0300 0.437% 0.245 -0.173 -0.193 -0.038 -0.280 -0.114  0.015
PN R -0.062 -0.008 0.452* 0.281 0350 0.439*% 0.004 -0.349 0.040 -0.248 -0.396  0.168
B-N-Z B FEA A M7 -0.331  0.119  -0.114 0.106 -0.039 0.088 0.161 -0.131 -0.020 0.069 -0.144  0.178
PR VERER 1 0.121 -0.026 0.035 0.050 0.336 0.296 0.058  0.063 -0.245 -0.241 0.183  -0.147
TE #FORAE P<O.05 K BIEHHIE s #+FRAE P<0.01 K 1 ARG
Note: *indicates significant correlation at P<0.05 level,and **indicates significant correlation at P<0.01 level.
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