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Effects of partial substitution of chemical fertilizer by biochar organic
fertilizer on the growth, yield, quality and N nutrient utilization of ama-

ranth
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(1. Hunan Province Vegetable Research Institute, Changsha 410125, Hunan, China; 2. Hunan Academy of Agricultural Sciences, Changsha
410125, Hunan, China)

Abstract: In order to improve the situations of the excessive application of chemical fertilizers resulting in reduced vege-
table quality, low fertilizer utilization rate, and so on, a field experiment was carried out using combined application of
biochar organic fertilizer with chemical fertilizer to explore the potential of it in vegetable fields and the effect of biochar
organic fertilizer, and provide a scientific basis for reasonable fertilization. In this study, amaranth field experiment was
conducted to investigate the effects on growth, yield, quality, fertilizer contribution rate and N nutrient utilization under
different combinations. Six treatments were as follows: non-fertilization (CK1), 100 % chemical fertilizer (CK2), 85%
chemical fertilizer with 2250 kg - hm biochar organic fertilizer (T1), 85% chemical fertilizer with 4500 kg - hm™ biochar
organic fertilizer (T2) , 70% chemical fertilizer with 4500 kg - hm™ biochar organic fertilizer (T3) , 70% chemical fertilizer
with 2250 kg - hm™ biochar organic fertilizer(T4). The results showed that compared with CK1, fertilization promoted the
growth of amaranth plant, increased the nitrogen accumulation of root, stem and leaf, and increased the yield of amaranth
by 5.83%-22.67%. Compared with CK2, the combined application with chemical fertilizer treatments significantly
increased biomass, soluble sugar, soluble protein and vitamin C contents. while reduced The contents of nitrate and organic
acid. Compared with CK2, T1 and T2 treatments increased the yield of amaranth by 7.28% and 11.87%, respectively.
Compared with CK2 treatment, the utilization rate, agronomic utilization rate of nitrogen fertilizer of T2 increased by
16.74%, 21.48 kg-kg™. In conclusion, 85% of conventional chemical fertilizer with 4500 kg-hm? biochar organic fertilizer

promote growing, improved the nitrogen utilization rate , yield and quality in amaranth, which was a good fertilization
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model to achieve the efficient utilization of fertilizer, weight loss and efficiency.

Key words: Amaranthus tricolor L.; Reduce fertilizer application; Biochar organic fertilizer; Yield; N efficiency; Quality
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EE 15% N &8 1.4%.P.0s 58 1.5%.K.0 5 &
2.1%,pH {H N 8.69. iR T IEIERN RN A
BLT & 26.25 g-kg' A% & 1.89 g - kg \pH fH
N 4.04 B8 fR B 5 & 137.5 mg - kg A S =
570 mg- kg ERH B 333.5 mg kg,
1.2 Rt
IR AR T T T A B S T A T Ak e
JERHR A L 56 3L 1% 6 ASAb3E, CK1 AN it AE X FE
CK2 Jy 24 1 7 #i it AT Xof R s 25 FE VR 4 75 0 R
A e AT R R FH 26, 7 24 Bk P 87 3 A4 RE R it
RE o ity 1, P B ot 2 B R BB R = 1 5% A1
30% 733l K 85% 5 Fit AE+2250 kg - hm™ ZE W) ik 1
HUAE (T1) 85% 3 Mt AE+4500 kg - hm™ £ 4 3= 45 HL
JIECT2) . 70% % $ijti JE+4500 kg - hm> A=) 5 A5 HLIE
(T3) . 70% ¥ i A +2250 kg - hm™ 2E 9 % A HLAE
(T4). IR HBEHLX HHES], 3 IREE , /N X TH
16.8 m* (1.2 mx14.0 m) , 7% &b # jifi fE &= W& 1.
T 2022 F 4 H 15 HEE,. M THEN
67.5 kg - hm?, BIFE/N/NIX 113.4 g AT IERIYFE
F P AT — R B B R — R R i 1 S e N 1 3
W TCIB AR, AR AR VR () S it 3 %
WG, SRR — B
£1 RRBLBEERS
ERATHL A i/ (kg - hm™)

(kg hm™)

e e

I Ezﬁi i)/ JEHE% N P.O, K,0

CK1 0.00 0 0.00 0.00 0.00
CK2 0.00 100 225.00 19.00 109.00
T1 2250.00 85 191.25 16.15 92.65
T2 4500.00 85 191.25 16.15 92.65
T3 4500.00 70 157.50 13.30 76.30
T4 2250.00 70 157.50 13.30 76.30
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TR, AN TR 38 B IR L 25 CHO 20 T, 4 Bl R I
JER EHLE, B THA N 105 °)CAH 30 min, R )5
7 80 °CEAF T ML 48 h Z4H i & , FR A& FBAL T 5T & 5
AR 7eE LU 9 R R T 38 o /b T
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X AE 4 7= B~ A it U X AE P 7= 8D/ E BN & .
HEEL TR 2 (FCRO 2 AERLXE P 7= S DTk %, &
LA it L Ak EE CCKD (72 5 A0 7 6] 72 1 1 T
Hik , DAL g JEHE HEAT TF 5 s N IR ZE 72 8 70 1
Fabr. NERFTTHR 2 /% (FCR)=C it i AL 3 7 B - AN i
JIEL A B 7= ) /it L A B = R < 100 5 35 77 2/ %= it A
7B X IR B X IR < 100
1.4 FUESD IR

AR 56 B4 K ] Excel A1 DPS 7.05 i3t 47 %0 4%
34T, K H Duncan 2 5 G AT 5 Z2 04T o

2 ZER 5
21 IR ENARE S BRI S K

=)
=

H 2 0] LLE i, B it A Ak B A 0 SR Ak i
ZEORH M b AR T L bR AR B M R
&2 VT E S R S T CKIL, BL T2 S,

1~ SR B S SR A M T R R A
T T & B R T & 4l B CK 42 5 33.84%
35.46%+80.97%+60.87%+ 84.85%+72.73% . ‘LW 5%
A LT EE 2 25 AR A B it N i % 5 25 {12 JE S8 A Ak
A, T1.T2. T3 T4 AL B0 Ak « 250 3 B
0 6 Joid £ T T B B 3 e T CK2, A
T2 f . ok 220 Hh b S R E L R R
i & b b R H R BT & ) b
CK2 427 T 24.88% + 28.10% « 29.09% - 23.33%
32.61% 1 26.67%. {EAHE 40 L ME & , 3 it
4500 kg - hm™ 29 5 A LA I AL B = 250
ik o R b S A 5T B 3 v T HG it 2250 kg - hm?
[l AL PR . 7E 3 2250 kg - hm® 2E 9 = G HLIE 56 14
N AR A 15% 40 1 (1) 220 | b b 5 o 3
B T AR U E 30%A0HE , 2 B RE R HL R
T 5 B 25 A B 3 (R it 4500 kg - hm AR 4 9
BB T A IEIRE 15% 40 B ik 220 b
A o A T S o A T A I R
30% A0 B, Ho e Rb b 3565 o B RN M T 5T E A

F2 AETEARLEIRSE R F M

Ak FkiFi/em Z£H/mm Hh LB/ MR RS ML EET R MM ET e REL

CK1 13.95+0.11d 3.130.04 331x0.05 ¢ 0.23+0.01 ¢ 0.33+0.01 f 0.0220.00 d 0.068+0.01 a
CK2 14.95+0.13 ¢ 331x0.02d  4.64+0.03d 0.30+0.01 b 0.46=0.01 ¢ 0.030+0.00 ¢ 0.065+0.00 a
Tl 16.80+0.21 b 3.97+0.07b  5.18+0.03 b 0.35+0.01 a 0.54+0.00 b 0.035+0.00 b 0.064£0.00 a
T2 18.67+0.13 a 424+0.02a  5.99:0.02a 0.37+0.00 a 0.61+0.01 a 0.038+0.00 a 0.062£0.00 a
T3 18.39+0.14 a 4.05+0.03ab  5.20+0.04 b 0.36+0.00 a 0.52:0.00 ¢ 0.035+0.00 b 0.069£0.00 a
T4 16.87+0.12 b 3.68+0.07¢c  4.95£0.02¢ 0.35+0.00 a 0.49+0.00 d 0.034+0.00 b 0.070£0.00 a
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FHER 3 ], 75 il I A 3 W S e R B
T CK1, Horh T2 P2 & dg i, 1% 34 830.5 kg -hm™*, %
A FE K ME RN T2 > T1 > CK2 > T3 > T4 > CK1,
AT IR CK1 $2 T 22.67% 17.64%9.65% «
8.52% F1 5.83% . £ AH [A] 4k JE i FH 7K ~F T, 3 it
4500 kg - hm™ A= 4 7 A7 AL Adk BER 000 S5 ) 7 B 3 v T

i

M4 2250 kg - hm™ A2 A AR A2, Hode T1 A
T2 Z A £ ik B K ¥ . 5 CK2 ML, T2. Tl
AL BRI AT IG 77 B P22 03 0 9 11.87%AM1 7.28%: T3
T4 H—E W= MERITTERZE B T2 &, T1 IR
2, T4 fx/N,CK2 fl T3 2[R Z R A RE , HAh b2
Z I ZEFRE,

55 CK2 FHEG, A=A HLAEH o3 B AL IR Ak B
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FUIE AR % F 2 26.57%-33.66 kg - kg 43 Al &
CK2 1) 2.70 f5 A1 2.76 % . B AR % R FH K AE
10.51~33.66 kg - kg 2 I8, 5 & AEF) FH R B AL A
BAR— 8. IR E 15% % 4 T, 1§
4500 kg - hm* A1) A7 AL Ak 2 930 S 1) U R H

FRMENEAR 7 22 2 & T3 2250 kg - hm?
AW A HLRE AL 2R s 7E A0 ARk & 30% 5% 41, 1 i
4500 kg - hm™ A=) ¢ A AU b BE 6 2 1 ZZUIE R FH 2
2 T 2250 kg - hm 2 B A HLIEALFE, 2
MBI ENER ER AR TR E E R

®3 TREEELEN TR~ EMLH TR AT

Lb R P/ (kg-hm™) 7 28/% IR} DTk 2 /% RUEFIH /% FAEAR - FI I 26/ (kg - kg
CK1 28392.76+£210.86 ¢

CK2 31133.42+£312.98 ¢ 8.79+0.62 ¢ 9.83+0.50 ¢ 12.18+0.94 ¢

T1 33401.22+251.54 b 7.32+1.71b 14.99+0.85 b 21.91+£0.76 b 26.19+£1.63 b

T2 34 830.50+228.62 a 11.90+1.25 a 18.47+1.01 a 26.57+0.78 a 33.6642.03 a

T3 30 810.64+181.45 cd -1.01+1.56 ¢ 7.83t1.21 ¢ 18.87+1.85 ¢ 15.35+2.44 ¢

T4 30 048.35+200.72 d -3.47+0.78 ¢ 5.50£0.99 d 14.52+1.62d 10.51+1.95 ¢

23 EYIRBUEHISBERMET TR SRR
=AY

FHR 4 AT 0, 5 CK2 ML, A9 A HLAE R 4>
B AR b B DT S TR R R L 4 W PR
IS, B & A0 R it FH 2 1 s/ T A1, T4 T3 Ak 22
B SRH F HRER 2 B R KT T A T2,
o T4 b PR A, AR £ & 28 316.61 mg-kg'. T
M A 4Ed R COEME R AL AT RS B DL
T2 e, T3.T4 NG BN, =& WEEE T
CK2o &4 B0 S I R P 2 K /NI
T2 >T3>T4>TIl > CK2 > CK1, B & K k53 53 Eb
CKI 25 T 30.45% 29.01% 27.21%  13.33% Al
10.18% s ZE 40 ¢ A WAL 73 5 A A0 R A 3 11 T S
AL MRS i CR2 S $E 5, DL T2 3R
R, HRON T3, i i CK2 #8312 il
=T 18.39%F1 17.07%. 75 Kb HR T i Fy vl 1
H &8RN N T2 > T4 > T3 > Tl > CK2 >

CK1, PA T2 &, ) & N 2507 mg-g's 5
CK2 #HEL, T2 T3 . T4 AbH AR A & E B
PEmr, T1.CK2.CK1 Z [ ZESAEE . Fra it
H RN 4R R C &R CKI A B & H#
s 5 CK2 M EG, AR A HLAE S 23 B AR A0 I Ak 3
P SE I e A 3 C R A R, H b T2,
T3.T4 2723 . (EMA WK T, 384
WA HUIE &N 4500 kg - hm? g B SEM- 1R 4k
AE CORIEVERE S & Tt &8 2250 kg -hm?
PIAbEE . FEACARIE 15%5614F T, 35t 4500 kg-hm?
A= R A AL A BB P T R I B R e T
Jiti 2250 kg - hm™ A= P A3 AL AE A 38 5 76 Ak BE IR &
30% 2 AN [F) R4 e A WL S8 it = 1) Ak B 2 [R] T
BEER. SHEARE AR S EYEE
KT CK1, AR A UL 7 B AR AE T1.T2. T3
AR TESE M A LR & B B E KT CK2, T4
CK2 Z AR E %= .

£ 4 TEIHEABAIEX 5 & R & h

e zv;ﬁgﬁ%;%)/ ?;Zgﬁi:g%i) C/ ?;;Jgiifﬁ)/ ?/I;;Jijiiﬁ =)/ W HLED/%
CK1 349.60+7.60 ¢ 216.84+2.06 d 11.10+0.44 ¢ 19.64+0.27 ¢ 0.53+0.01 a
CK2 501.82+3.52 a 241.15+1.53 ¢ 12.23+0.10 b 19.65+0.30 ¢ 0.45+0.01 b
T1 385.22+1.60 b 245.33+1.08 ¢ 12.58+0.01 b 20.09+0.19 ¢ 0.39+0.00 ¢
T2 350.77+4.99 ¢ 270.83+1.67 a 14.48+0.33 a 25.07+0.09 a 0.39+0.02 ¢
T3 337.29+6.21 d 267.67+1.03 a 14.3240.27 a 21.84+0.35b 0.39+0.00 ¢
T4 316.61+2.21 ¢ 258.52+1.50 b 14.1240.12 a 21.95+0.59 b 0.43+0.03 b

24 HERABANEBRHSBERUEMTERAZAER
ERSEFRNFIN

H13% 5 TN, A Tt T AL PE A SRR <25 R
FRREHE T CKI, M AP B3 2 3R R
fEREE . DSR2 SRR IR R B DL T2 &b
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P, 5 CK2 AL, HAR 22 R RE R E 5
P 14.40%.29.48%.32.31%. [F] — {1k AE ik &2 /K F
T2 AR ZE R R R ERIK L T1 A3
Iy N 0.53%.0.99%12.15% , T3 AL FEAHR 25 .
H R RN R BRI T4 AT BB IN 11.54% .



HeH BT AR UL B AR TS A K P R TR 2 R A B KBS
*5 TRMBELENERANNREMNSEEHM
e s E-S i}
N E&/(kg-hm?®) 7 EZE/% N 88 /(kg-hm?)  MECE/% N E&E/(kg-hm®  MECE/%

CK1 47.47+0.67 ¢ 64.99+0.12 a 22.03+0.40 ¢ 30.16+0.16 d 3.544+0.14 ¢ 4.85+0.25 ab
CK2 59.23+0.45d 61.34+0.37 be 32.39+0.43 b 33.554+0.46 be 4.93+0.10 b 5.11+0.11 a
T1 69.88+0.95 b 59.71+£0.66 d 41.53+0.62 a 35.49+0.60 a 5.61+£0.09 a 4.80+0.09 ab
T2 78.37+0.41 a 62.22+0.17 b 41.94+0.26 a 33.30+0.19b ¢ 5.64+0.14 a 4.48+0.12b
T3 65.20+£1.69 ¢ 62.24+0.68 b 34.02+0.58 b 32.49+0.61 ¢ 5.51+0.04 a 5.26+0.13 a
T4 59.16+£1.00d 60.79+0.08 cd 33.224+0.52 b 34.14+0.07 b 4.94+0.12 b 5.08+0.13 a

2.41%-10.21%. [Fl—A9R A HLAEHEH KT, T4
AEFRAR 2R R R AR R R T1 BRI T
11.94%-20.01%+15.34%; T3 5 T2 AbFEAR L 25 (4
ZRRENHFKT 2.30%.18.08%+16.80%. T
S AR o e LU AR % 48 B R R B > 22>
o MR RESBRL CKI.T2.T3 8K, T1 %
No ZEPEERSBCLLAEI L T K, 8T RAK K2
T4.CK2.T2.T3.CKl. REESEFELL T3 H K,
T2 F /N, 2 it A A 3 (1) R 60 25 29 TE 26 K /NI R
T3 >CK2 > T4 >CKI1 > Tl > T2,

3 iS4

Jit JE A 1 2 A 9 AR K ) B AR PR, Bk v L 2R
R Hb b 350 65 5 6 S T 5 R A s WA PR
A RAR B F B FRT 0, ARG KT, 5A
AR CK1 AH LG, 5 B AE b 2 CK2 A= 9 A HLAR
0 5 AR A FIE Ak T £4) T S R SRR L 2R
Hhy BT 6 B L R T R B, X T
ST R TE SR Wei SR LA R —HL

A HLIEIE & 5 A0 AT B e i R - 1l 77 2 LAY
I/ A0 BE 1 2K, 08 BE N PR W B At R 68 1 7R
gy, SEEE LRI, 5 CR2 ML, ARV R A HLAE
73 B ACARIE A B D Sk v 256 L b T 6
VMR E A R DL T2 B R . fE
B 15%7KF T, FHA HUIEE 24 B ARt (T1
T2 AL FDHE i 1 0 AR = 220 bR 5 5
BT 5, FLRE & AR Yok A HLIE ) 5
YRR 2 . AL IEIRE: 30% (T3 T4) 1 00 SRk 1
ZEH M BT R B R ST R B CR2 1
AHEE, AR T2 WA BT R R, X 5 iS5 fi]
IR LS AL 7E— 2 AR HUIEK
SR B A R el it 2 PR3 0, R v SRR b
o 2 R b 0 A o 240 BT AR, o B sk 1 A
B e & = AR A HUE R (R i E K B &
BOEAF TAED A

A [5) it JER Ak R S%of i S 7 e R 6 3% R FH 26 R
BORP, RIS R R, 5 AL A L, it il 2
PR . Sl IR A L, AR A HLAE
ARG AE (T 1. T2) AT 4 i3 0 S (1 7= B A P K] BT ik
28 B A A Aol it £ () 386, DS = L IR DTk e
A PR, UL AE P R A HUAE & A AL RE 1) A 3 bl
A B L, 0K 5 A R R A O i 2 A
Mg R —8. EHMARLIM, 5 CK2 ML, 4
YR A WUAER 2 B AR AR AT e E R R A, DL T2
(1 S0 RE A F e A BB A 2= R e e o E AL AR
B 15%MKF T, B AR R A HUIE K3 n , 55
SR FH 28 R AR A 25 ) FH 28 A0 B3 15 5 7840 A sk
B 30%M/K T, T3.T4 B A LR #ER, H
BIRELT T2, X 507 R BR 5 3 405 550
Fe 4l FEARARL, 150 0 98l e AL I P 3 R A 4 ok AL
JE B % 12 33 A A 80 2R W AR AL i B gk it 2k 2R 2
PG TTREE R B R4 K AT IR RA KR IE TR0
Wb JE AR KR B IR BAR R TR, 7R
SR FFE B, T AT (1 2208 20 R TSR, A A i P, R A
VCRC BB e AR, T A HLAE 2 A 28 4%
P B T4, T ARF SN E IR IS 770 3, 1L
3 H A VIR ST, otk 3 E A L 3G
HUTR DR 5529, A4 7 DR L ARR R 1 45 4 T s e -1 3
WU I R 2R 3 R 3 R 1A AL, A
I, A=W o R BT B 0 R D S B RS A
[R5 R RIS, SR R R R 10, B A
THEmERF AR, EIEY =&,

VSR it R B R S RN % )
FHOG , 2 4 W AR Wk A LR 23 B ACAL B Ak 38 2
B EEREESEbR . JERR B K it ) & 2 5 1 i
SRR AR AT I R T ATV R A LR (4R R R
C SERNIE Y & B0 e AR B E IR U 1)
P, WYL B US4 AR AR (1
Mrigtrz —, ME = M RS T ES RS AR
T K i B S VDA O, AR TGS R B R, M B
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CK2, A=W A HLIE S 73 B A A BB A B2 /& T W%
A PERE  ATAE R A REA R C S E, UL T2
A B G SR TR A B X 5 AR KR R 5Kl 2
LG R EMIRANIESE S T WS R
C. 85 H R ATa] I MBS & & 0T B2 RUOR A Y A AL
JEL AR} 5% 43 1R R B 17T B A SR BEAE S BB ORAIE 0
B VHR SR LR E & R R e T IR A L
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