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Nitrogen and Phosphorus Transformation of Soil and Growth of Maize in Black
Soil Area by Different Tillage Patterns and Biochar Addition
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Abstract: [Objective ] This study aimed to investigate the effects of different tillage patterns and biochar
addition on soil nitrogen and phosphorus transformation and maize growth and development in farmland in
the black soil area. [ Methods ] Through a field experiment, two tillage treatments (deep tillage and shallow
tillage) and five biochar addition treatments (0, 3, 6, 9, and 12 t/hm”) were set up to investigate the
combined effects of different tillage patterns and biochar addition on soil nitrogen and phosphorus fractions,
enzyme activities, and physiological characteristics of maize. [ Results] (1) Deep tillage and shallow tillage in
combination with biochar addition could effectively improve soil structure, increase the geometric mean
diameter of agglomerates, and reduce the percentage of damage. The deep tillage treatment was more
effective than the shallow tillage treatment. (2) The addition of biochar improved soil nitrogen-phosphorus
fractions, urease activity, and alkaline phosphatase activity, and the effect of applying biochar at the rate of
9 t/hm?” was the best, which was more pronounced in the deep tillage treatment. (3) The application of

biochar up to 9 t/hm?” under deep tillage treatment increased the total nitrogen and phosphorus contents and
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glutamine synthetase activity of leaves and decreased the acid phosphatase activity. (4) The yield of corn

under deep tillage condition with the addition of 9 t/hm® of biochar was as high as 17.37 t/hm’®, which was

increased by 28.9% compared with that of 0 of biochar. [Conclusion ] The deep-tillage treatment and addition

of 9 t/hm?® biochar provided a reference for the nutrient environment and crop growth in agricultural fields in

the black soil area.
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Variation in soil TIN and TN at different growth stages
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Table 1 Characteristics of soil nitrogen and phosphorus nutrients

hb 3 THLE/ (mg « kg ") LR/ (g ke ) AR/ (mg « kg™ D) LW/ (g kg )
DCK 6.98+0.66 Ad 1.10+0.02Ab 48.30+0.97Ae 0.082+0.002Ae
D3 7.64740.36 Acd 1.1440.08 Aab 56.060.68Ad 0.088+0.001Ad
D6 8.734+0.62Abc 1.20+0.07Aab 59.29+0.68Ac 0.097+0.002Ac
D9 10.92+1.03Aa 1.26+0.03Aa 70.09+1.06Aa 0.104%0.002Aa
D12 9.8240.45Aab 1.2240.03Aab 63.62+0.54Ab 0.100+0.002Ab
SCK 6.51+0.52Ad 0.95+0.06Bc 43.75+1.02Be 0.086+0.001Bd
S3 7.35£0.60Acd 0.9740.07Abc 52.30£0.77Bd 0.0934-0.001Bc
S6 8.254+0.56 Abc 1.08+0.02Aab 57.76 £0.37Bc 0.098+0.002Ab
S9 9.66+0.75Aa 1.1940.06Aa 67.64+0.79Aa 0.109+0.001Ba
S12 9.0440.43Aab 1.13+£0.04Ab 62.02+0.48Bb 0.103+0.002Bb
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Table 2 Characteristics of growth and development of maize

Ab B THE/(g) FeEE/(t e hm ?)
DCK 241.68+9.59Ac 13.47+0.38Ad
D3 242.49410.20Ac  14.73+0.46Ac
D6 262.33+11.28Abc  15.8440.38Ab
D9 320.0749.23Aa 17.3740.44Aa
D12 281.86+11.62Ab  15.9840.40Ab
SCK 241.31+£11.28Ab  13.40%0.34Ac
S3 242.96+3.13Ab 14.094-0.27 Ac
S6 246.24+10.27Ab  14.9440.37Ab
S9 274.01£10.03Ba 16.2940.48Ba
S12 264.03+12.37Aab  15.720.33Aab
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Fig. 6  Variation in leaf glutamine synthetase and acid phosphatase activity at different growth stages
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Fig. 7  Characteristics of growth and development of maize at different growth stages
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Table 3 Crop habitat evaluation index system

8 b3 4 Bk TEIRAE S FR bR 6 b1 2 Bk iR RS - e i

g A REILAEH EAZ (mm)  GMD KA B AW A B (pmol « h™! « g7 GS L ONIES

A RARBE IR E 2 He (V) PAD  #/MH MR PEWEFRBE (pmol » min ™' + g ') ACP e /IME

ML A (mg » kg 1) TIN KR ME | £x4k SPAD SPAD  #hK{4

B 2H (g kgD TN  #RKMHE 2R ke D LTN KM

EHIT i (mg - kg D AP K W AR Cg - kg D) LTP  fkfs

LWE(g kg D TP S ONIEN - TE( K AE

— MR (ug = d™' o g™ UA Kl B P (e hm™?) e KAA
BRPEBERR S (umol < d™' + g7 ALP  HRME

R4 HEEIXMEMRBARTERTELER

Table 4 Table of standardized information on indicators under tillage patterns and biochar regulation

i SCK S3 S6 S9 S12 DCK D3 D6 D9 D12
GMD 0.229 3 0.2511 0.262 0 0.371 2 0.305 7 0.240 2 0.262 0 0.294 8 0.491 3 0.360 3
PAD 0.378 6 0.347 7 0.340 0 0.247 3 0.309 1 0.363 2 0.340 0 0.301 3 0.208 6 0.285 9
TIN 0.270 0 0.2711 0.304 3 0.356 4 0.351 6 0.257 5 0.281 8 0.322 1 0.361 2 0.361 2
TN 0.282 2 0.273 7 0.304 8 0.335 8 0.318 9 0.310 4 0.321 7 0.330 2 0.338 6 0.338 6
AP 0.277 3 0.283 1 0.312 6 0.341 6 0.335 7 0.283 4 0.303 4 0.326 3 0.344 3 0.344 1
TP 0.295 2 0.288 7 0.318 2 0.341 2 0.328 0 0.2821 0.305 1 0.360 9 0.295 2 0.337 9
UA 0.272 4 0.280 6 0.296 8 0.356 1 0.340 7 0.271 3 0.298 8 0.342 7 0.352 0 0.334 5
ALP 0.265 3 0.271 9 0.298 3 0.374 6 0.339 3 0.261 0 0.297 3 0.312 9 0.360 5 0.356 2
GS 0.267 9 0.238 8 0.301 4 0.3711 0.329 1 0.248 6 0.273 3 0.348 7 0.3780 0.365 2
ACP 0.348 1 0.350 3 0.310 5 0.284 9 0.288 2 0.362 6 0.337 5 0.292 4 0.287 8 0.286 1
SPAD 0.287 8 0.280 9 0.306 3 0.351 4 0.3317 0.272 2 0.285 3 0.327 1 0.354 4 0.350 5
LTN 0.289 9 0.289 5 0.310 2 0.336 2 0.321 7 0.301 8 0.302 6 0.332 2 0.336 6 0.336 4
LTP 0.285 5 0.296 0 0.309 1 0.335 3 0.335 3 0.275 1 0.288 2 0.330 1 0.351 0 0.345 8
T H 0.290 4 0.292 4 0.296 3 0.329 7 0.317 7 0.290 8 0.291 8 0.315 7 0.385 1 0.339 2
i 0.278 1 0.292 5 0.310 1 0.338 2 0.326 4 0.279 7 0.305 8 0.328 9 0.360 6 0.331 6
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Table 5 Weighting of indicators under different regulations

it 5 Bl E /%
GMD 0.801 8.484
PAD 0.865 5.773
TIN 0.866 5.705
TN 0.916 3.608
AP 0.870 5.571
TP 0.699 12.860
UA 0.844 6.659
ALP 0.850 6.423
GS 0.873 5.435
ACP 0.889 4.724
SPAD 0.865 5.775
LTN 0.860 5.971
LTP 0.884 4.959
T 0.708 12.455
S 0.869 5.598

xo6 EMEREMNER

Table 6 Results of crop habitat evaluation

B AR a1

A HE@Mm) D) TR i
SCK 0.948 0.093 0.089 10
S3 0.919 0.113 0.109 9
S6 0.661 0.396 0.374 6
S9 0.319 0.805 0.716 2
S12 0.446 0.644 0.591 5
DCK 0.950 0.130 0.121 8
D3 0.804 0.267 0.249 7
D6 0.432 0.697 0.617 4
D9 0.357 0.920 0.721 1
D12 0.328 0.776 0.703 3
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