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Effects of Biochar Combined with Fertilizer on Cucumber Yield and Fertilizer Use Efficiency

Under Continuous Cropping
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Abstract: The effects of biochar combined with fertilizer on cucumber yield and fertilizer use efficiency were investigated by a field
experiment in order to provide a scientific basis for the improvement of fertilizer use efficiency and cucumber production. The field
experiments were carried on the fluvo-aquic soil in Rugao city of Jiangsu Province, in which three fertilization levels were designed: 1)
traditional fertilization (F), 2) reduce 10% fertilization (F-10%), and 3) reduce 20% fertilization (F-20%). For each fertilization level, six
biochar application rates were setup (0, 5, 10, 20, 30 and 40 t/hm?, designated as CK, C1, C2, C3, C4 and C5, respectively), with CK and
CF (no biochar and no fertilization) as control. The results showed that, compared with CK at all fertilization levels, biochar treatments
significantly increased cucumber yield, fertilizer use efficiency and related indicators (P<0.05). At F fertilization level, cuacumber yield and
N, P and K fertilizer use efficiencies in C5 treatments were 27.60 t/hm?, 23.75%, 3.62%, and 24.85%, respectively, which increased by
59.67%, 337.44%, 177.94% and 120.69% compared with CK; At F-10% fertilization level, compared to CK, cucumber yield and N, P and
K fertilizer use efficiencies in C5 treatments increased by 73.88%, 163.82%, 234.33% and 183.24%, respectively. At F-20% fertilization
level, compared with CK, cucumber yield and N, P and K fertilizer use efficiencies in C5 treatments increased by 82.10%, 148.73%,
246.46% and 215.66%, respectively. In the same biochar rate treatments, cucumber yield was not reduced in C2, C3, C4 and CS5 treatments,

but the fertilizer use efficiency was significantly increased, which reached the highest at F-20% fertilization level, compared with F
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fertilization level, N fertilizer use efficiencies in CK, C1, C2, C3, C4 and C5 treatments increased by 135.42%, 145.96%, 116.94%,
70.47%, 63.33% and 33.86% respectively, P fertilizer use efficiencies increased by 69.26%, 57.31%, 59.78%, 27.90%, 67.91% and
110.99%, respectively, K fertilizer use efficiencies increased by 27.90%, 99.55%, 84.75%, 62.97%, 60.91% and 82.94%, respectively. This

study proves further biochar combined with fertilizer is an effective way to alleviate the obstacles of continuous cropping of cucumber.

Key words: Cucumber yield; Fertilizer use efficiency; Agronomy efficiency; Partial factor productivity; Recovery efficiency
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Fig. 1 Effects of biochar combined with fertilizer on fertilizer use
efficiency under continuous cropping of cucumber
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Table 1 Effects of biochar combined with fertilizer on N, P and K utilization parameters of cucumber
/i IR AW BT b B
CK C1 C2 C3 C4 Cs
VrEE & NPP. K) 53.46+58le 69.71+6.57d 77.05+£11.23d 90.41 £6.05 ¢ 109.20 £6.06 b 122.22+4.89 a
(kg/kg)  F-10% N(P. K) 48.96+925¢ 73.68+14.82d 92.38+10.62cd 105.78+10.92bc 123.95+11.01 ab135.84+5.23 a
F-20% N(P. K) 5028+8.69d 82.06+9.18c 100.91+4.54b 116.11+£16.41b 140.08+11.27a 154.96+8.26a
T N(P. K) 11524+5.8le 131.49+657d 138.83+11.23d 152.19+6.05¢c  170.98+6.06b 184.00+4.89a
v F-10% N(P. K) 117.60+9.25¢ 142.33+14.82d161.02+10.62cd 174.43 £10.92bc 192.59 + 11.01 ab204.48 £5.23 a
(ke/ke) g a0, N(P. K) 127.50+£8.69d 15929+9.18¢c 178.13+4.54b 193.33+£16.41b 21730+ 11.27 a 232.18 £8.26a
E UGl N 871+£0382f 12.69+0.159¢ 1420+0282d  18.16+0.312¢  21.14+0.902b 2590+ 1.005 a
(%) p 1.79+0.031d  2.82+0.040c 2.95+0.163 ¢ 3.84+0.077 b 3.89+0.042b 4.18+0310a
K 1498 +0.474f 17.00+0.462e 19.15+1.072d  24.51+0.171c  27.31+£0.414b 30.32+1.369a
F-10% N 1433+0243 ¢ 16.04+0.220d 1681+0.179d  23.41+1.737¢c  26.68+0.556b 33.96+0.829 a
P 221+0.030e 3.26+0.047d 3.31+0.062d 437+0231¢ 5.06+0.091b 590+0.175a
K 1634+1.505¢ 19.15+0.969d 2521+1.042¢c  2691+0353¢c  28.69+0.522b 38.50+1.228 a
F-20% N 14.62+0.841d 26.69+0.761c 27.36+0.336¢c  29.16+£0.186b  33.31+£0.776a 34.25+0.389a
p 257+0.051e 442+0.183d 4.80=0.161c 4.94+0.108 ¢ 6.83+0.373b 7.50+0213 a
K 18.54+0.867e 32.13+0.799d 33.03+0.393d  38.17+0410c  43.86+2.387b 48.14+3.071 a

T R 47 B8 /NG F B [R5 7] — ST K P AN ) A 90 BT A Ak B0 ] 22 533K P<0.05 k2 7KF- o

F2 HEYFRRSBERETIEFS T
Table 2  Effects of biochar combined with fertilizer on soil nutrients
Jiti BB K SF- A=W e A B LRI (mg/kg)
NH;-N NO;-N AR AL

F CK 447+£0.05¢ 492,98 +5.89 ¢ 88.57+5.76¢ 25248 +11.80 ¢
Cl1 595+0.12d 513.68+5.33 ¢ 198.36 £8.59 d 439.96 +13.26 d

C2 6.13£0.04 cd 566.36 =23.54d 225.87 +12.12d 506.04 £ 41.22d

C3 6.29 £ 0.06 ¢ 593.93+1.46¢ 376.10 £ 12.14 ¢ 608.52 +49.62 ¢

C4 6.54+£0.08b 706.41 £10.12b 436.39+52.27b 726.03 £12.29b
C5 833+023a 880.19+15.87 a 632.14+52.65a 1076.54 + 70.81 a

F-10% CK 4.10£0.24 ¢ 423.67+9.41d 82.20+3.48¢ 218.14+13.75f
Cl1 4.77+10.05d 455.16 +9.76 d 183.46 +4.35d 253.70 £ 12.08 ¢

C2 4.74+0.06 d 553.45+10.39¢ 201.35+7.62 cd 297.36 + 16.88 d

C3 5.65+168¢ 592.90 £2.27 b 217.04 +4.99 be 34411 +£11.33 ¢

C4 6.09+£0.10b 625.07+12.31b 250.85+11.40b 42798 +£15.06 b

C5 6.95+0.09a 827.70 £48.82 a 356.31+31.48 a 522.22+12.87a

F-20% CK 3.78+0.20 ¢ 384.90 1691 ¢ 78.80+2.97¢ 168.66 +17.12d

Cl1 4.53+0.08d 431.76 £12.82d 114.05+4.92d 202.04 +3.84 ¢

C2 545+£017¢ 448.43 £3.08d 13449+ 4.16d 208.36 £ 0.68 ¢

C3 5.08+0.28¢ 486.21 £9.56 ¢ 215.07 £ 14.51 ¢ 286.69+6.39b

C4 5.87+£0.16 b 547.12+24.07b 231.76 £1.31Db 313.34£ 1796 b

C5 6.41+0.25a 585.82+11.24a 344.16 £26.75 a 424,89 +37.03 a

T R FE SN ER NG T B 2R [ — ALK AN R A2 9 BTk Ak B0 8] 22 5335 P<0.05 W2 7KF- o
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Fig. 2 Effects of biochar combined with fertilizer on cucumber yield
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Table 3 Correlation between indicators and fertilization amount and biochar added amount
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i 1

AE 0.954" 1
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Fig.3 Cluster analysis of biochar combined with fertilizer
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