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Effects of Nitrogen Fertilizer Combined with Bio—char on Soil

Properties and Root Characteristics of Spring Maize
SUN Chen', HU Shu—ping’, SUN Ji-ying', GAO Ju-lin', LIU Jian®, BAI Su—hua’, WU Yong’,
ZHANG Yue-zhong’, YU Xiao—fang', WANG Zhi—gang', YANG Xiu—juan', JI Nan'

(1. College of Agronomy, Inner Mongolia Agricultural University, Hohhot 010019; 2. Vocational and Technical
College of Inner Mongolia Agricultural University, Tumote Right Banner 014109; 3. Qingdao Agricultural University,
Qingdao 266109; 4. Wangaizhao Agriculture Tour Company Co., Lid., Dalate 014300; 5. Agriculture, Animal
Husbandry and Science—Technology Development Center of Zhalaite, Zhalaite 137600, China)

Abstract: The field experiments were carried out to study the effects of biochar on soil nitrogen distribution,
root nitrogen absorption and utilization, and yield formation with the maize Xianyu335 in two years(2019-2020). A
split—plot system in three replications was established to conduct the field trials. Three nitrogen fertilization levels
(0, 150, 300 kg/ha) were in the main plots, and four bio—char levels(0, 8, 16, 24 t/ha) were in the sub—plots. The re-
sults indicated that compared with CONO, under the treatment of C8NO, C16NO and C24N0, the soil organic matter
within soil layer of 0—15 em increased by 16.27%—31.52% in 2019, and 7.27%—35.57% in 2020. Compared with
CON150, under the treatment of C8N150, C16N150 and C24N150, the total root length increased by 11.22%-—
51.18% in 2019, and 6.32%—46.17% in 2020; and total maize production increased by 10.70%—23.55% in 2019,
and 4.77%-22.68% in 2020. In summary, at a bio—char application rate of 24t/ha, N150 achieved the optimal state
of soil organic matter accumulation and distribution, as well as root development.
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A SRR, 3B R A S A
59 Nl s AT E ] 2 1 R A Y 5 e e - W
MG SRR P A R AR, B R I, AHXT

1R AL BT Y K AN i ARG AU
A Pt ZUR PR R F I T R Z A /B
BRI A R I

KTHEYRNR Z4Eh T IR SRR T
FBRA LS R, 5 A Y s AEAE +
SRR N340 DL SRR 2R % 1 RUE 1 G R AH
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1 MRS I
1.1 Re bR

I T 2019-2020 4-7E N 5 iy Al K= AR A
AP B B X (40°33'N, 110°31'E)iff 4T, PI4ESF 5T
201944 H 28 H .2020 44 H 25 H#&#,20194F 10
H 15 H 2020410 H 14 Hlgk . a2 S H RS, +
Vb3 A, BERH 3 ST (0 ~ 20 em) AR G S F L
%1,

x1 Bt h 5ESIEEMS
Table 1~ Soil fertility and climatic conditions

Ay AR R AL AL ERISINE V-2 ERKE AFEHTY
Yew  (mgkg) (mgke) (me/ke) (e/ke) (h) 0 (mm) B K o)

Available N Available P Available K Organic matter Sunshine hour  Average Average Monthly average

temperature rainfall rainfall
2019 48.64 2.30 112.02 15.59 1893.6 20.7 2135 52.29
2020 48.25 2.19 112.61 15.69 1825.7 21.2 235.7 48.06
1.2 iRt FERRTIHT AT B, fE R AL T 5 PR R T A

RGBT N R, LEAE N F X, 15 B AN
AL 150 kg/hm® 300 kg/hm* 37K, 2305152 R NO
N150 N300 ; LA A= 9 1 Ry Bl X, 15 B AN it A= 40
8 t/hm? .16 t/hm* 24 t/hm*44~7KF-, 5353 h €0 .C8
C16.C24, 12440 BRAL 4, 43512 CONO . C8NO
C16NO. C24NO. CON150., C8N150. C16N150.
C24N150,CON300,C8N300,C16N300,C24N300, it
AR R 5 R 335, R 1 A 24 T AR RS 4
HMLEBMJ-9)#E1T 2545 , 15 7l %% i oy 8.25 J7 #k/hm”,
947X, 47K 5 m, 47 60 cm, 3R FE & . 105 kg/hm’
P,0s,45 kg/hm® K,O ZERE PR — R A 5 A=W T
2019 A FE A AT — IR PR s AR WAl A &2, % 1R
PRER A (46 %) BEA T I35 1E MW 1 36 it

1.3 MEBIRSFE
131 rBRF

PR JTHUECR 3%« AL PR IZE 50 em TRIT

W EIFHAE L EAE,
TIEAFE=FTI T E-HIIE)/100 (1)
AL T

TR TR A IR — AN IR BRI g AT
WA, NS mL 0.8 mol/L 55 4% R Bl AR vE IR, TN
5 mLVRGRIR , B A Ih A Bk 2 B 5 B F 175°CTHhiG
BP0 5 min JE O o KRR X AR
Ve AN, T ALBIE D MhFE R 7 3 ~ 471, H
0.2 mol/L FeSO. s 7 W 2 , 1 120 0 bl 8 B AR
G LT RN R 2T TE SRR W AR T & (V). 25 s
E LA SRR A AR R SE A TR, 1 SR B R

1.3.2

PR (Vo) o
A HLBR & B (g/kg)=CX (Vo= V)X 107°%3.0x 1.1 X
1 000/m 2)

C: FeSO. A5 1E 7 W 1R B (mol/L) 5 V = i 22 i) H
% FeSO bR tfEVE TR AR FR (mLL) ; Vo: 25 F T 5 I FH 2=
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FeSO bR AT (mL) ;3.0 V4 B 5 1 BE R i
i (g/mol) s m: BRI () 1.1 EABAS IE R 45107
B mLAT R L
1.3.3 MR AEHFHE

KHEYI R : D3R E oK e 42
it 17247 FE X 1/2 BREE VS BBl R 8 50 em R AR
2, HFH5 L (Agfa, Germany)F 4 J5 A A KIS 4253
2 (WinRhizo ProVision 5.0a.Canada)ib ¥ AR
FRERE s TR AR T
1.3.4 =R FEH

TR, KBRDAT ISR PIAT , S HEE I 2
19 10 B, DU A7 b 25 BEAT 2. B ORLEE AT K &
(LDS-1G & A RAG AL, LA 14% 5 K B3 H 8 FoK
PR

1.4 HELESHH

K FH Microsoft Excel 2010 3F47 5035 4 3, % H
Sigmaplot 14 il &1, 2K H SAS 9.4 4777 25 0 , R H
SPSS Statistics 22.0 EA AT
2 ER55r
21 FEMEYRREEEXS HEER R B
REgM A ENH

HH 2% 2 AT, I AN AE P o6t 2019 4FF11 2020 4F
() A HILRR & i ARG AR TR AR AR E AN
7 5 I 2R B KO H B AT 2019 41
MR IAN W K, 6 2020 4F PR B 52 A 3] i
K

®2 WEMEMRREEENTHEERNERRREE=ENHTESN
Table 2 Significance analysis of nitrogen fertilization levels, bio—char levels and their interactions on soil properties,

root characteristics and yield of maize using ANOVA

G >k A PR K R HRAFR M= [ s
Year Source Total organic carbon Root length Root surface area  Root volume ~ Root dry weight Yield
2019 N 134.81%* 238.53%%* 291.63%* 1905.26%** 562.48%*%* 686.46%*
B 55.50%* 143.08%*%* 74.20%* 589.54%#%* 153.26%* 253.53%%*
NXB 2.50 3.89% 1.05 37.55%%* 7.17%* 7.61%*
2020 N 302.93%#%* 264.15%%* 366.42%+%* 1827.68%*%* 447.90%* 488.05%**
B 82.50%* 113.10%%* 128.62%* 631.31%%* 199.29%* 180.52%#%*

NxB 5.37%* 4.82%% 5.47%* 28.15%* 30.53%* 3.12%

W BT R FAE, * o+ FIRTE P<0.05, P<0.01 /K | 1Y i % (#=P<0.05, **=P<0.01), NZF&REAKF, 3% N0 N150.N300; B FR4:9)
BRI AHE C0.C8.C16.C24. T,
Note: Numbers were F—values. Stars indicated the level of significance (*=P<0.05, **=P<0.01). N represented nitrogen fertilization levels, includ-

ing NO, N150, N300; B represented bio—char levels, including CO, C8, C16, C24. The same below.

22 ARETEMTENR
FH 22 3 A 40, 2019 4E F1 2020 4E 0 ~ 15 em T2
CONO.C8NO . C16NO , C24NO b HH 21 4 ) 75 T MK Uk [

1% 6.33% .3.56% .5.35% 1 0.56% .4.15% .5.62% ; A
ML A YR 388 h0 16.27% . 11.56% . 1.39% F1 7.27% .
14.32%.10.54% .,

=3 @B AE T T EMEIREI NG

Table 3 Effects of nitrogen fertilizer and bio—char on soil properties

Ay U b R (gfem’) MR 5 2 (g/kg)
Year Nitrogen Bio—char Soil bulk density Soil organic carbon
fertilizer level  level 0~15cm  15~30cm  30~45cm  0~15cm 15~30cm 30 ~45 cm
2019 NO Co 1.799+0.01 a  1.840+0.05a  1.841%0.07a  3.87+0.39f  1.37+023g  0.99+0.06 cd
s 1.685:0.08 b 1.741:0.04b  1.813:0.06a  4.50:042f  1.60+0.13fg  1.020.15 ¢
16 1.625:0.03b  1.691:0.03be  1.792+0.06a  5.02+028 ¢  2.21+0.19¢f  1.00£0.12 ¢
24 1.538:0.01 ¢ 1.655:0.05¢  1.786:0.06a 5.09:040 e  2.23x040ef  0.94x0.07 d
N150 Co 1.743:0.04 2 1.828+0.04a  1.808+0.05a 5.28+0.60de 2.47+042de  1.12:0.13 be
s 1.6590.01 b 1.753+0.05ab 1.800£0.05a 6.68+0.24b  2.78+0.09 de  1.03+0.09 c
cl6 1.583:0.04 ¢ 1.673:0.04 be  1.800£0.06a 7.23:0.56b  3.1040.52be  1.18+0.09 be
€24 1.5170.03d  1.644x0.05¢  1.773x0.02a 8.19+0.29a  3.57+047a  1.24x0.29 be
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4R 3  Continued 3
IE i U i s 2 (g/em) A BB ik (e/kg)
Year Nitrogen Bio—char Soil bulk density Soil organic carbon
fertilizer level level 0~15¢m  15~30em  30~45em O~15em  15~30cm 30 ~45em
2019 N300 co 1.802£0.02a 1.839£0.05a  1.81240.06a 5.26+0.47 de  2.3320.38 de  0.94+0.22 ¢
cs8 1.617£0.08 b 1.781£0.02a  1.762+#0.03a 5.84+0.35cd 2.40+0.29 de  1.12+0.21 be
C16 1.602+0.02b  1.697+0.04b  1.738+0.04a 5.92:049c¢  2.89+031cd 1.360.18 a
C24 1.565£0.04b 1.685:0.01b  1.738+0.06a 6.98+0.50b  3.44+038ab  1.32+0.14 ab
A HRIR
AE(N) 2.29 1.05 3.41 86.27% 42.11%% 4.34%
5% (B) 54.77%% 26.55%* 2.59 33.83%% 18.90%* 1.97
HNOXEE W 56 (NXB) 1.15 0.17 0.30 2.78% 0.50 1.37
2020 NO co 1.781£0.02a 1.849+0.03a  1.831£0.02a 3.71x0.40f  1.7120.14f  0.93x0.08 d
c8 1.780£0.03a 1.773+0.03b  1.824+0.05a 3.98+0.30ef  2.22+0.07¢f  1.04+0.10 cd
C16 1.706£0.01 b 1.734:0.01 be 1.788+0.01 a  4.55:0.49de 2.070.17de  0.85:0.09 cd
C24 1.610+0.04 ¢ 1.685:0.03 ¢  1.775+0.05a 5.03+0.14d  2.2320.11d  0.97+0.13 cd
N150 co 1.799£0.02a 1.860£0.02a  1.78240.02a 6.08¢0.47c  2.63+024c  1.2120.09 be
cs8 1.771£0.02a  1.749:0.05b  1.793x0.06a 647+0.69¢  292+039¢  1.21x0.11b
C16 1.653+0.02b  1.713:0.05bc  1.787+0.06a  7.64:023b  3.58+0.58b  1.230.09 a
C24 1.583+0.04 ¢ 1.651+0.02¢  1.804+0.03a 8.81:047a  3.85:042a  1.18+0.08 a
N300 co 1.819£0.06 a 1.802#0.04a  1.800£0.06a 5.86+021c  2.39+0.33c  0.97+0.10 be
c8 1.736£0.03b  1.741£0.04 ab 1.818#0.05a 6.10+0.18 ¢ 2.4420.15¢  1.1120.12 he
C16 1.643:0.01 ¢ 1.7100.02b  1.751£0.03a 7.25:037b  2.48+031b  1.20£0.06 be
C24 1.565+0.02d 1.647+0.01 ¢  1.765+0.01a 8.33+0.19a 3.5¢034a  1.20£0.10a
A SRR
AE(N) 2.29 3.02 0.77 228.37%% 51.37%% 20.75%
HHx(B) 77.22%% 39.63%* 1.59 65.37%* 17.44%% 1.27
ZNExA= Py se (NXB) 1.61 0.48 0.73 2.74% 3.14% 1.99
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Fig.1 Effects of nitrogen fertilizer and bio—char on total soil organic carbon content
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2.4 RERFE

WP 2 ] %1, CONO .C8NO . C16N0 , C24N0 4b HiZH
A IR K AE 2020 4E AR IR $E T 1.47% . 19.39% |
22.88% ; M3 2 1 FLAE 2019 4F 4K ¥R $2 T+ 24.08% .
22.47% .18.35% ; ARFRMK IR $2 T 20.56% . 12.79%
16.20%.

25 WRETFUREE

W 3 fr7R, 2019 4E N150 K- AR AR S T B4
N300 F1 NO &b P 4% F} 24.76% , 92.93% , CONO,
C8NO.C16NO ., C24NO &b F £ 4 7E 2020 4F AR UK 3R
T+17.05% .10.86% .8.02% .
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Fig.2  Effects of nitrogen fertilizer and bio—char on root characteristics of maize
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Fig.3 Effects of nitrogen fertilizer and bio—char on root dry weight of maize

2.6 HERFMEIENTEXKFZENFIT

WP 4 7T %1, CONO ,C8NO . C16N0 , C24N0 4bHiZH
AN 7 B AE AR AR IR T 11.49% L 5.96%
7.48% 1 7.68% . 6.29% .9.60% . 2019 4F F1 2020 4F
N150 /K3 7= 5% N300 F1 NO 43 B T 4.60% |
26.50%H14.30% .26.18%

2.7 EXRRREMFTEMHEXESH

HY 28 5 AT, AR PN AN T 5 A LR & 6
R AR = R B R E TS, 2019 412020
AE B LR S SRS B B IE A MR
0 0.964 F10.959 .,
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Fig.4 Effects of nitrogen fertilizer and bio—char on maize yield
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Table 5 Correlation analysis of soil properties, root characteristics and yield of maize
iy Ei= 7 w"E A LB HRER A HRAATR A S
Year Index Soil bulk Total organic Root length Root surface  Root volume Root dry Yield
8!
density carbon area weight
2019 A OmE 1
SAHLK -0.572%* 1
(SRS -0.642%* 0.964% 1
R -0.577%* 0.979% 0.967% 1
AR -0.576%* 0.972%* 0.977%* 0.976%* 1
WTE —0.5807%* 0.972:% 0.967%* 0.970%* 0.974% 1
e -0.618%* 0.969% 0.956%* 0.968%* 0.960%* 0.945% 1
2020 AW 1
S PR -0.648%% 1
K -0.6907%* 0.959% 1
HRFHH -0.652% 0.986%* 0.969%* 1
HRARF —0.634%* 0.970%* 0.980%* 0.965%* 1
T E -0.675%* 0.966%* 0.964+* 0.960%* 0.970%* 1
A —0.652°#* 0.980%* 0.967%* 0.966* 0.964% 0.944# 1

e RIETE RO~ 15 em 1IZHMAETE,

Note: The soil bulk density is within the 0-15 ¢m soil layer.

3 5 51HE

M T YR BA B Z AL R IAR LA
INELERRE AL DRE T AR AR e E 5 T A
BRI, WA BT, YRR A
Bl & i AR i B R THMERT, HHERTHCR
Hpc BIEAR, AROFFERM, A Y5 A Lk
E A ST AR, HARRIRCR S ok i 4
ST Z 1 5, N150 A0 B BBk & 1 AR R A i

PEFDL T N300 Zb 3 . 2= MiA ™7, 3 it o A
300 kg/hm® I 2338 B+ A BB 3 i L 42 THA LK
Y AR T (R R 225 kg/hm®,

R ZR SR AR P AR I S b oK o3 IR 4 1) R B
B AEK ISR B O AR, AR
FACRE BB INA R TR R+ SRR K 53974
MR ZR R AR A AT HG IR 28 A S W oS AR (R
W AT TR, S i AR i A= o vl i
AR IR R SRR, 3 R R R AR, $2
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AR R TE ST S HECIA Sy, AR e it FH G AR R
THIG A W VER AR AR R FAR AR
AW P AR AR O, BBAh B AR R, £
KRR R B2 T REURI i IR R LA i AR 3 it — A
PRI, JEMRE AR TR ARG ), MR T EORANAR 1
B, ARG AR, AR it A AT B S ks
MR B AR DL, AR R A e bR A HS K 5 AR ) it
R IEA, RN TAY R ZFRAE RN
TRESHAA RS TR AT IR AR TSP R
PRAET RAFI A (B FADIRA B 3250 & B3
% ANRE N BRI R L B e s B ny s 2 o,
I, 3B S B A A TR AN T X — B

AW i 5 7 e S R R, 2 BEoE Y
B, AR SR A R 2 R i A7 AE B
A IEAHSES AR S Hr, N150 F11N300 b HE A RE A% Xt
R KB = Y G SR UEE A, (E & N300 4h 2
AR TR IR A B N1SO AR BE, Kt , AN A ZE A A
1 2B, C/N -, 25 52 31 52 i) 1 (s VE P e LA & 5
HERKAERKE S . RAEERBEAZENMNA A SR
+ 3 GE C/NSEAT R IE P AR K E R AR
() 0 1 SR RE S VR AN 1 2 5 43 AN JE B R , R
HE M F T AR R At AT R R R B
A , 55 AR T 300 kg/hm? I B A2 T
TEUR o PRI, A D AL | 35 C/N A T
TR L0 F B H %, 306 ) C24N 150 AbBRZH A1 42
HEEKRIR R KT F 38 s R FE R LR

RIEARAETHHEZ A WL & & R . A
YR Al RRAR 35,0 ~ 15 em +JZFEIE N 6.63% ~
14.51%,15 ~ 30 cm + )25 4 5.38% ~ 10.05%

R FNA ) 5 G 22 R ™ 6 T B4 A i
FHETHE T, N150 4h B4 N300 Ab FHFHAF N 4F- 25 45
Th AR 15.56% ST 5 4.45% . N150 K- - Fifi
& HE Y peit P R BE I, AR AR HR T 11.22% ~
51.18%16.32% ~ 46.17% , W3 1 FRIE T 10.55% ~
46.38% 1 12.71% ~ 56.47% , AR FR L T} 21.08% ~
71.30% F1 17.34% ~ 69.32% , = & $2 7t 10.70% ~
23.55% 1 4.77% ~ 22.68%. [Fitt,24 t/hm* =95 5
150 kg/hm’ 2 AR e #F H AV RFMR R K F
K= R e e R R .
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