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Application period and dosage optimums for biochar additions in black

soil with summer maize
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Abstract: As a new soil conditioner, biochar not only maintains soil fertility, improves soil degradation, and re-
solves pollution problems, also enhances crop growth and production efficiency. To promote a low-carbon econ-
omy for the world with biochar development, the Songnen Plain black soil area was selected as the research ob-
ject. A total of ten treatments were set with three biochar application levels (Cs— 5 t-hm™, C;— 10 t-hm™, and
Cis— 15 t-hm™); three different application schemes (F,— applied in autumn, F,— half applied in spring and
half in autumn. and F;— applied in spring) for each application level; and one control group (BL- no biochar
applied), and each test was processed in parallel. Combined with crop growth period, and regular artificial
sampling. On this basis, the characteristics of the plant root system, nitrogen (N) spatial distribution, root res-

piration, and N-use efficiency for different treatment conditions were compared and analyzed. A correlation
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function of biochar amount and N-use efficiency versus the harvest index was constructed, and then the rela-
tionship between the biochar control mode and crop production efficiency was expounded. Results of the study
showed that compared to the BL treatment, root length of plants with biochar treatments increased for CsF,
(1 009.10 em), for CioF;(1 640.05 ¢m), and for CisF(1 270.24 ¢m) as did F, and F; for the three biochar ap-
plication treatments and the results passed the significance test of P<<0.05. The control effect of biological car-
bon effectively inhibited the ineffective loss of soil N, and the N fixation effect of the soil reached the best level
with the CF, treatment. Biochar’s water retention and fertility enhanced the respiration rate of the plant roots;
an increase in the biochar application rate first increased and then decreased the respiration rate (P<<0.05).
Regulation of biochar additions promoted the accumulation of crop yield with an increase in the biochar appli-
cation rate and adjustment of the application scheme; the CyF; treatment had the best yield, N-use efficiency,
and harvest index (P<<0.05). In addition, there was a quadratic function relationship between the biochar ap-
plication rate and crop yield, N-use efficiency (P<<0.05), and other indicators meaning that there was an opti-
mal threshold between biochar supply and plant productivity. Through the above studies, it can be seen that
appropriate amount of biochar, with appropriate addition period, can effectively increase the growth and
metabolism of crop lines, thereby increasing the yield and production efficiency of crops. Thus, this study pro-
vided theoretical guidance for seeking a reasonable and efficient management model with biochar, and showed
that appropriately increasing the amount of biochar could effectively promote plant root metabolism. [ Ch, 6
fig. 2 tab. 27 ref.]
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Table 1 Soil physical parameters

)R fem WG KD WA T KARI% WK% LERE/ (grem™)  w g/ (g-kg™) M S
0~10 43.30 28.13 33.55 1.46 3.45 A
10~20 42.50 29.07 35.90 1.50 2.68 A
20~30 40.11 27.68 34.67 1.52 1.32 A
30~40 40.85 27.99 35.12 1.57 0.79 A
40~50 38.13 26.85 33.99 1.65 2.34 ¥t
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Table 2 Characteristics of root systems of summer maize under different biological charcoal regulation modes

L A W

by R 2% TR FH/ REATRA —— ;

B WRIR R R RRRY L RE Y BT RE
em’ fitlg  BYem’ cm’ /em? cm? g Bllem’

BL 4467.12b120732f 441b 46.12a 578921 a 170346d 631d 6512¢ 6451.43d 1911.24d 7.11d 73.42d
Csky 5476.22 al 326.00 efg 633 b 6246 b 683223 ¢ 192325¢ 7.75¢ 79.13d 756821 ¢ 225721 be 8.52 be 83.12 ¢

CpF, 6107.17b1 698.00a 7.52a 6853 a 816731a 220721a 932a 9248a 8447.85a 253827a 996a 9725a
Cisky 573736 ¢l 541.00 bc 6.59b 64.14b 753153 b 205778 b 835b 87.15b 796851 b 246729a 889b 86.14b
BL 4467.75a1207.00 b 441 a 46.15d 578954 ¢ 1703.59d 631b 6516d 645139b 191138 e 7.11c 7347e

CsF, 479624 d1 367.00 def 5.28 d 54.77d 6537.75e 178687h 697 e 7453 e 675854 ef2037.64d 7.64ef 78.23d
CpF, 5188.31d1597.00ab 6.37b 5832 ¢ 6753.24¢d2059.69 ¢ 7.79c¢ 81.25c¢ 7366.64d 2287.78b 8.21 cd 86.68 b
CisF, 507987 el 446.00 cd 5.69 ¢ 5528 d 6681.37d 1931.15d 7.28d 77.37b 6854.57 ¢ 2209.61 bc 7.88 def 81.36 ¢

BL 4467.66 d1207.00f 4.41d 46.14b 5789.85d 1703.77¢ 631g 6516d 6451.24b 191135b 7.11d 7345 ef
CsFy 455921 e1233.00g 4.68f 47.13f 593746¢g 174558 d 645f 6853 g 653758 g 1967.59d 698 ¢ 6847 f

CFs 478674 11418.00 de 5.13 de 51.24 ¢ 648927 e 192428 ¢ 733 d 7344 ef 7267.94d 2237.81 be 7.95 de 79.12 d
Cists 46073411 287.00 fg 4.87 ef 484 ef 624438f 185871 ¢d 697 e 72.18f 6678.61fg2159.52¢ 7.54f 7T2.11e

BV (F {5)

FZFE 1 95.32% 157.61% 141.22*%158.46%*  163.53*%  245.33%* 124.87* 112.36** 80.23%** 54.21%% 41.81*%102.50*
HZFE2 1242 20.63%  17.24* 34.21%%* 19.65% 14.21%  28.54%* 51.21%% 2]1.85%* 17.64%  19.64% 32.54%%*
L X 0.78* 0.98** 1.21% 1.34%* 3.24%* 5.24 1.18 2.41% 0.54%* 0.87* 0.61*%  0.98%*

YT RN SRR AN IR AR A 22 5 .35 (P<<0.05) . PR 1 ARG At s DA 2 ARSI AR [R] 5 58 SURER T 4 ik it A
P, * R 22 53 35 (P<<0.05), ** R 22 Sl 3% (P<<0.01)
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TH 3 R AR PR T, CFy, CooF, F CosFs JE 3R 2 19 oK AR 2R K SR K EARXE T F
B H A TR, WRIEF, CioFy Zb B R B 43 BIAH X F CsFy Al CisFy Z5F38 I T 8.17% F1 2.14% . 1L 41,
Csks, Ciyols, Cisks 20 B R AR 2R A9 B0 43 AR X F By R FS B30 it Az 490 T A B BT A o fl 6 mT DL &
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Figure 2 Nitrate-N distribution in the root region of summer maize under different biological charcoal regulation modes
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Figure 3 Respiration intensity of plant root systems under different biological charcoal control modes
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Figure 4  Respiration intensities of plant root systems under different biological charcoal control modes
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Figure 5 Spatial consistency of plant roots and nitrate nitrogen in soil
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Figure 6 Nitrogen use efficiency under the control of different biological charcoal
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