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Impacts of Biochar and Nitrogen Fertilizer on Spinach Yield and Tissue Nitrate Content from a Pot Experiment

ZHANG Wan—jie', LI Zhi—fang', ZHANG Qing—zhong*, DU Zhang—liu?, MA Ming-ye', WANG Yi-ding®

(1.College of Agronomy and Biotechnology, China Agricultural University, Beijing 100193, China; 2.Institute of Environment and Sustainable
Development in Agriculture, Chinese Academy of Agricultural Sciences, Beijing 100081, China)

Abstract: Biochar as a soil amendment is being considered as a potential way to improve soil quality and nitrogen use efficiency. Biochar of
this study was pyrolyzed by crop stalks(at 240~360 °C). Using a pot trial, we investigated the impacts of biochar and mineral fertilizer on

spinach (Spinacia oleracea L.) yield, tissue nitrate and nutrients(N, P and K) uptake by spinach. Biochar had three levels: CO(0 g-kg™), C5

(5g-kg™) and C10 (10 g-kg™), and nitrogen fertilizer also included three levels: NO(0 mg-kg™), N1(90 mg-kg™) and N2(120 mg-kg™).

The two factor( biochar and nitrogen fertilizer) were compined freely. Results showed that for the NO and N1 levels, application of biochar sig—
nificantly increased spinach yield by ranging from 16.6% to 57.3%, whereas no significant change(P>0.05) in yields were observed among
biochar treatment in the N2 level condition. Meanwhile, for the N1 level, the C5 and C10 treatments increased tissue nitrate content by
198.7% and 233.4% respectively, as compared to the CO treatment; on the other hand, when the N2 level was considered, the improvement in
nitrate content under C5 and C10 treatments was by 8.8% and 46.3% respectively, relative to control. Irrespective of nitrogen fertilizer treat—
ments, biochar—amended soils improved nitrogen and potassium uptake by spinach, while the effect on phosphorus uptake was not obvious. In
conclusion, the interaction of biochar and nitrogen fertilizer could increase the yield of spinach and N use efficiency.
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G0 A, A W TR A BE SR R 3 NHI NOs (B
DA R HAth IR 43 B W B BB, 3880 BH S 38 H BB 1 A
FROEIA, Glaser SFL5IR T TEPH M DXt A= 9
Jo et 1o R, - S AR AR ) R T, it P A 0 R ok
P T FRA AR LR ) X S B A
BRI YIAR S, Bl g R BV ST 2B i
FAA 0 X8 37 43 Bk , B R 9% 20 R FR AR Ak
IR E S AHE A B,

Tt P A=W R R A Bh T bR A s, AT
X RAEY) = B A BARAE R, 38 Steiner S5
i, 7B Db+ R AR E K 1 4R (11
t-hm?), FEBAE 4 MEREPIORFE R ™ B
T 75%", TEHRIR - HERHIX , Kimetu S5 & 31,
FEPIE T 3 RIESEHE A B 5 (7 - hm2) 15 £k
F P BB I —AE07, SR, Asai SFFE T 5 (4 T b /KRS
TSR, it AR Y R R BB AR = R K
R ABXHEY = R ik 5 A AR ) AR B
YIS, YR 55 R LR R PR 2
HHNA B, Verheijen SF FTT ML RS 4HT T
TEZEAR A H () 4504 T 2t 86 /Ab 3 FH AR W i xR
WA= 1 B2, & IR FH A 0 5 o 3 P R S e
& A R EESE SRR X, HAR
REIAHAEHE,

AR, TR — b2 B 2 A Y SRR e 3 7=
T RVER , FF AR EAEHE 7= J5 TR T — LERHF 5P,
1B KA YRR S R ABEL R E A3 =200, AR
T RPN PG BIERINGE, HTEE
e 5 & AEAHERER , NI R KER 4 iR ER ARk A 5%
it A R R S R R R, IR R
A FEGER IR & BB X B . ASHT
FEF AR B Y, R AW R
w5 RN BN SR R AR A AP IR & B
FISEI , A A 0 B AR A S A 7 v B g PR 2

1 #BE57FE

L1 {IeH
AIRITE A E AR R AR P AT IR B ETE

FElAZ 15~28 °C, i3 F 3 St F o oy 2= B4 (Spinacia
oleracea L.) . Pt FIA= W17k R ARVEIAE AT 2B 5%
PERBR AR, (IBEE A 240~360 °C), #H MR 1 2
mm i, AR AT R HER LR A B R
HRZE 1 (0~15 cm), B db A+ 3T 2 mm FF 8+
] WA VEYIER B 2o, TIERIAE W Bk AL,
E2NIE
1.2 Bt

WAV BURFIEAE AR, KA Bk 3 4
IKFE43 5k CO(0 g-kg™, At A i 5 ) .C5(5 g+
kg™).C10(10 g-kg™) ; BAL (AR )AL I 3 PNKE4
5/ NO(O mg-kg™) N1(90 mg-kg™) N2(120 mg-kg™),
FTAEENRE . BHAGFIL 9 M, B4 6
WKEE , FEHIER

R TSR MRS B HR A R4
o, SR SR A A (ZER ST 28 emx24 em),
BRI AT B ROK , B 15 4k, RER B B
JEIRH , 4L R 5 k. PRt R A & i B g 45 115
B (FdERYIE), EBLETA 0.30.60.90.120,
150 mg-kg™ 6 NEMAF, FFEFRAEK 30d5H
SPAD JliE M4 R & &, ERNAIEN 90 mg-kg™ B}
AR SRR, A ERERREENAR
R RZHE R 0,.90,120 mg-kg, N1
N2 A SEFRAERE & 30 mg kg ZUAE, FEHEH
25 d J5 4 B e 2RI & . BRPOK B RAREF
FP B KEN 20%, FIRISFRE B K, BT K
RAEBETFIK. BIRGIKGETHE—E TR0 E,
IR A EYER RS B S R R
1.3 SAE

PSRRI - PSR 50 d SR, ok #
WEREM HERE T, KBORE W3S B35
FAK PR, SR )5 FRZE 1K she—ii , F T2 )T
KA JERRE

T3 H AR AT AR B < 8 S A
TEBAIAR R KB RGBT 60 CHEFE It T
FMEE , AREFRE,

PESRAN PRI T BT —EENEY

R 1 TEMEYFRRELER

Table 1 Basic chemical and physical properties of biochar and soil used in the pot experiment

WH pH BmSR AR/ 2R/ ) E< WER  EHMA By O I/

(H0) wS-cm™ g kg g kg g kg g kg mg-kg™ mg-kg™ mg-kg™ mg-kg™ gecm™

H: Yy [ 9% 7.78 847 52.09 4.88 0.83 15.98 0.38 4.6 162.0 9 600.0 0.297
+i% 8.05 100 4.04 0.97 0.69 5.54 29.90 33.2 194 112.5 —
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B BTRE , HERRFREX 2 g BB, A 10 mL 28
8K, ZEWE 7K FP 2 30 min, J5 /KA BR L 03000 2
R &,

WS AR &, BT,
1 mm i, FREC0.2 g HEEMH LRI AZNEEE
BB A EUKTEZ . AP 2 A & B AL
RERE, S TENE AHSik ek, 2858
W5 2R K IS T A,

HIEFA S BRI E I E - 3R
RAPEHCHEE 1, F Olsen BR4RE (LW LR 24:
200), J5 AW S A AT SGHEATIRE
1.4 BIESH

B BAE A TR R 7 225047, 2 LECR XS
BB E R E (SSR), FE LR R UL BT, B3
HRIGAE P=0.05 BERKF T 1T, FEARSCH AW R
e VRIE R H A R R SRR BEAEFA RN E
BN, S M A A TR SR = B R ERER S B L AR
FAEP AR & F WS B

2 HRESH

2.1 EYFRRFLBEEX R EMEMEH R

WE 1A iR, ZEAER IR B LT (NO), i
A ) 5 i B 3 (P<0.05) 38 i T 338 =& , H+ CO,
C5.C10 Ak 38 4 419 7= & 5 5 & 53.53.74.27 g #
84.21 g, 5 CO AL, CS 1 C10 AR AR ™= B I IR
Ay RIK 27.9%F1 57.3%, C10 5 C5 ML, R BH
HEmmias EERARE(P>0.05), 7E N1 KFET,
C0.C5.C10 A H4G 2 I F= B4 5 74.99.87.41 g il

120

A
100 | a t z
ab ab 7 b
80 b b
20
I8 60 c
A
40 +
20 +
0
0 5 10
Y FR/g kg
[1NO

96.73 g, 5 COAHELEL,CS Al C10 AhBEGE SR = R AY1R
IR BE Ay FR 16.6%F1 29.0%, C10 5 CO 4b¥E 2 i
£ R 5 E(P<0.05), T C5 F1 CO Z[E LA K C5 1 C10
ZEZEFARBEP>0.05), 7E N2 KFET,C5 ZhFK)
PR CORET 2.5%, 1 C10 A3 5 CO ML= &
BF TR, {6 CO.C5 1 C10 fhBE 2> A1 22 R R B E
(P>0.05),

ke 1B frs , #E NO 7KF,CO.C5 #1 C10 4b#
BRI KR 7.70.1021 g f1 11.74 g, 5 CO
HHEG,C5 F1 C10 4b 3 35 8 35 (P<0.05) #1338
YR, REEES K 32.6%F 52.5%, {H C5 F
C10 ¥ A2 F A8 E (P>0.05), 7 N1 KET,
CO.C5 F1 C10 Zb3 =M & 43 518 10.64.10.91 g 1
12.33 g, 15 CO KIHLEE, C5 A1 C10 AbHH A SRR T 3%
Fryr=g B 8] 22 58 B (P>0.05) . 76 N2 7K
R ,C0.C5 #1 C10 Ab P () A= 4y & 41 51 ok 12.85,
12.77 g F1 11.36 g, 3 B Bt A= W oo & (9 185 0, T
KNEYEAF TR, BABEZEZRAEE (P>
0.05),
2.2 S BRI BE X T RN R S BRI

BB R S B R 2,7 NO KT, C5
1 C10 43R AR A 25 CO AbFRA H A R =
T 30.9%% 15.0% {8 & 4b T E] 2% 5 A B2 (P>0.05),
TE N1 KT, 5 COAMEL,C5 #1 C10 b PR A T+
BRAAE S B R REE SR 60.5%F 142.9% , H
H,C10 5 CO 582 (P<0.05), T C5 5 C0 ZHA
B3 (P>0.05);C10 5 C5 L, B R & & EA W
B HZERIRBE(P>0.05), 7E N2 /KFT,C5 il

16 -

B a

14} a s

12} a a B 2
o 10+
H ool

4+

2 -

0 1

0 5 10
Y F /g kg

B N2

ALBREARFY NG FRFORZ 5 B (P<0.05), BE N FHE AR HERZE (n=6)

Values followed by a different lowercase letter among treatments are significantly different (P<0.05 ). Bars are standard error (n=6)

1 1R & BRI 3 = B A M B T

Figure 1 Impacts of biochar and fertilizer treatments on yield and biomass of spinach
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C10 b3 H + B R R & EARN F CO AbFR 73 T4 5
T 30.6%F1 146.5%, HH,C10 A B EEF CO
C5 b3 (P<0.05), T C5 5 CO Z LR ZEE 5 (P>
0.05), MF 2 ATLAE H , A=W B AR AR AR +
BERAA & BAW 0 (P<0.001) , (HF & Z [A] /Y
& HAE R AR 2= 5 A 13 (P>0.05)
23 EYRRMUBEENERALRHEBESE
REBRSENRIY

WESRAL R TR’ IE 2, ZENOKFET, 5
CO AHLL,C10 AbFRR = T SR g Eadh & & , B IEh
9.3%,C5 AhFRPEAL T PSR asEaEh & &, JAT CO.C5
1 C10 bFERI M ZEF AR E (P>0.05), 7E N1 &M
T,5 CO#HI,C5 #1 C10 b3 B 2 (P<0.05 )2 5
T USRA LR R, RIS 198.7%F1
233.4%, FEERAAYBR BRI, MRS ERE
B B, {5 C5 #1 C10 Ab¥E 2 [A] {22 IR B3 (P>
0.05),7E N2 /KT, 5 CO #HEk, C5 F1 C10 AbFR A AH
FREh & B4y IR E T 8.8%F 46.3%, {BALFHE 2 7] )
ZRIIFARBE(P>0.05), BIRTT , 4R A
AbFE DL K B3 22 (8] 938 B A TS B SR IRk & &=
B2 50 (P<0.01),

1E NOKFT, 5 CO AHH, C5 #1 C10 4bFH i 48
T EESRA A 2 RWKE R EIEE S 5R 16.5%F
27.5%(F% 2), F1C5 IR, B4R C10 ZbFH Ak
EARPEIMERE Z R Z 5 A B E(P>0.05), 7 N1
KT, 5 COAMLEL,C5 A1 C10 AbHE R T 22K E,
PR BRI ST HIN 8.5%F 8.6% ,{H5Ab ¥ 2 [6] i) 22
SHAREZE(P>0.05), £ N2/KETF,5 COAME,C5
1 C10 B &R E 53748 = T 6.3%F1 0.03%,
[FIFE2E A B (P>0.05) o A9 o s AR AL 38 K PR
HZRAZHAE B ESEH AR ER R B E

B (P<0.01),

T S 20 SR vk B VB it PR A W o o B 1S
W (F 2), TENOJKFET, 5 COAHLL,C5 A1 C10 4k
PP 35 (P<0.05) FEAIE T Wi e B, A0 08 22 40 1) 1y
13.6%F1 25.6%,1fi H. C5 #1 C10 Z [A]ZF B E ., &
N1 KT, 5 COAHE, C5 F1 C10 ZhFRREAR T 2 BEMk
JE , REARME BE 43 31K 3.2%F1 10.9% , {8 4k 38 6] f) 22 5
AEE(P>0.05), 7 N2 KFF,5 CoOAHEL,C5 Al
C10 AbFRAY 2 BEHR B 23 BIFEAR T 12.6%F01 12.9%, [F]
FEZEFAEE(P>0.05), MATE , AR AE AL
PSR R Bk A R B (P<0.001 ),
WE Z A BEAE A SR ENE A B EER
(P<0.05),

Wi it FH AR B e BN, SR R
BT 2), 7ENOKFET,CS F1 C10 AhH 4
PRk BE AR F CO AL 437 $ 1R T 18.4%F1 13.8%,
HEZFREE(P>0.05), 7 N1 KFT,5 CoOMLL,
C5 1 C10 bR R T &8 E, REIEES7
H 35.5%F 69.8% ; B & It sk EIG N, SRR 2
Jina#,C5 1 C10 5 CO tHEHL 57 B3 (P<0.05),{HCS
M C10 Z[AIZRAEE(P>0.05), 7EN2KFET,5
CO At ,C5 F1 C10 Ab3$R R T PSR H R IR E,
LR R B4 Rk 0.13%F0 37.7% , Hod,C10 5 €O =
) 22 53k B /K- (P<0.05), T C5 5C0 Z A2 RA
B2 (P>0.05), AR A ARNCA BN 2 Mk A
e 2.3 5 (P<0.001) , W & =22 18] ) 22 B4 F 6 44
e FE IR R MR B 25 K- (P<0.01)

2.4 HY B ARk BEES XY S SE R BRI 2 AN

FE NO KT, A= o o it R S 3 4R o T S
AR R, C5 1 C10 AbFEAHXT T CO AbFEAF B4R 5
T 52.3%#1 93.4% (3% 3), T H. CO.CS 1 C10 4b¥H[A]

R 2 EY R AN E T L ERN AR EARE SRR & B R ABHRE

Table 2 Soil available N content, nitrate and nutrient (N, P and K) contents of spinach tissue under biochar and nitrogen fertilizer treatments

NO N1 N2 Significance level
Biochar
CO C5 C10 CO C5 C10 Cco C5 C10 Biochar N BiocharxN
TN A/ mg kg 6.22¢ 8.14c 7.32¢ 9.46c¢  15.18bc  22.98ab 11.36bc 14.84bc  28.00a ok ok n.s.

W SRR /mg kg 7520c  66.62c  82.18c  97.25bc 290.51a 324.19a 213.0lab 231.81a 311.59%a ook ook *k
WKL R /mg-g 24.07d  28.04c  30.68¢c 3591b 38.98ab 38.99ab 38.8lab 41.27a  38.82ab *xE *xE *
W e/mg- g 4.72a 4.08b 3.51c 3.48¢c 3.37c 3.10c 3.42c 2.99¢ 2.98c *xE *xE *
WM/ mg-g?  2792ab  33.07a  31.77a  19.39c  26.28ab  32.92a  22.69bc 22.72bc  31.24a *xE *xE *k

1 47 AR F RN &AL BRI 2 57 B 3 (P<0.05) ; ##%P<0.001, **P<0.01, *P<0.05;n.s. T2 57 (P>0.05 ). A,
Note: Values followed by the lowercase letter among treatments are not significantly different (P<0.05). *** P<0.001, **P<0.01, *P<0.05, n.s. not signif—

icant (P>0.05). The same below.
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Table 3 Uptake of nutrigen by spinach in different treatments
NO N1 N2 Significance level
Biochar
co C5 C10 co C5 C10 Cco C5 C10 Biochar N BiocharxN
N/mg-pot™ 185.94f 283.13e 359.59d 380.54cd 427.45bcd 480.48ab 499.11ab 526.93a 438.69bc ok ok HAE
P/mg-pot™ 36.11ab 41.46ab 41.08ab 37.21ab 37.24ab 38.06ab  43.95a  38.33ab  33.96b * * ok
K/mg-pot™ 212.79¢ 332.38ab 375.21a 209.12¢ 286.23b 401.54a 291.40b 294.79b 354.96ab o n.s. *
2R (P<0.05), 7 N1 i}, 5 COAHLL,CS MICI0  ZEMZERIFARE(P>0.05),
ARPRER T BN AR AR, REEES A 3 i

12.3%%1 26.3% , FoH C10 F1 CO Ab¥E A £ 5 8.2 | i
C5 F1 CO Ab¥f[a) 2 5 A B2 (P>0.05), 7 N2 B}, 5
COAHH,C5 A BRI R T AWM R E, REWIRE R
5.6%,C10 AbIRESRFEAL T R MR (FRARA IR B
H12.1%), {HRZ CO #1 C10 b ZEFABE (P>
0.05), A=Wy o AN AL P K Wi 3 =2 18] i) 38 BLAE
BT S R IR AL B A AR B S (P<0.001 ) o

L NOCO Ay%s A X B8 , BT LATHE 45t AL BE A 24
FEEIEFFHZ, 7E N1 KFETF,NICO.N1C5 # N1C10
A0 B BRI 28435108 51.5% .63.9%F1 77.9% , 7E
N2 7K F,N2C0.N2C5 1 N2C10 Zh¥8 i A B F) Fi =%
A3 BIK 62.1% .67.7%F1 50.1%,

7E NO /KT, C5 1 C10 b3 s i & 5 CO
AL FEAR LA R T 14.8%F1 13.8% (3 3), AWK
RESRIRE T B RICR , HES A HEF AR
#(P>0.05), 7E N1 KT ,C0.C5 Fi1 C10 Ab 3 Ak
W R BEE ok I N2, BESARE
(P>0.05), 7E N2 /KFF, 5 CO AHLEK, C5 1 C10 Zb3
REAR T BESRmb R i, ARG B 4 51 12.6% F1
12.9% , H:H C10 F1 CO Ab¥H ] 2% 5 5 2 (P<0.05) , T
C5 1 CO A3z R A RE(P>0.05), QAT 4
Y BR AR AEAL B BRI I B B2 5 (P<0.05)
P 22 6] 9 32 AR PO B R i G AR 3 A S
(P<0.01)(F£3),

fE NOKFTF, 5 COAHLL,CS Fl C10 b3 i3 2
R T R AR RS IR 5 56.2%F1
76.3% , W25 Tt ok 3N, AT Pl 5 it ok 52 A4 388 in 3
FHRGESE FAESE G E CS 5 C10 ZEEFA
BE(P>0.05), 7EN1K¥TF,5 COMLEL,C5 1 C10
AbFRYS R T WSRO, B R Y R B 4 )
1 36.9%F1 92.0%, T H C0.C5.C10 Zb¥H 2 5] 25 534
B2 (P<0.05) .78 N2 KV T, BEE LE Y Bt & 1
TN SRR B TR CE S BN, C5 A C10 A3 SR Y
W b CO b B HIER S T 1.2%F0 21.8% , {H AL

ARG RF I, Y TR AT B3R &
WIS Y BHA BE R (P<0.05), HA YR %
FENE B B AR X3 B A Y BRI AR B3
M (P<0.01), ABFFEH bR YRR & T 3%
PR, B G PR IE R 57.3%(NOC10 Zb3 ), B i
FENREE N 2.5%(N2CS 4hFH ), X 5 Hfh =34 i o —
Fyue-224, AHFFY AR M R B HE PR RCR AR IR K,
Chan SEFHFB R W LI, ERIESHEEY R
(100 t-hm?) ELREAAAE T , B b =R M IR A 95%
| 266% 2 [8]™, [ # , Major SF7E T KRB JF A AL+
A ROR S 4 FRPIR SR BN, B 14
WEXRF=BERE WM, W53 Fr=aMiEas 5k
8%.30%F1 140%™, FAILREHRSCERIA R , i A=
W[5 e Ko 7 R MR AR W 5K B SR BRI T e 5 BB AE
RO EY B & 9 RS AR A e R
FHEA K FEAMII P, BEE R A R AR, i AL
VI e G PR AR, AR, AW R 5 0 5 AR R
B it XoF 7= R ) R M) BB A ) T A R B 3 X
SCRRIRIE—F 112, i AR 0 B R AT A 7= ) DR
LR T AR B S &H —ERNFRSH, EFTRES
T Y PR B SR T R (K. P.Ca Mg (A
ARG R DA K 58 pH A >,

B it R B A ) R R Y R R S B A R
BN (P<0.01) , T A= 1y 5 A A1 A&UIE A9 38 BLAE X
3P AR S BT E W (P>0.05) , 3 242
hy A 0 R a5 A HE B it S R T S S A RUAE R

AW R, R AR 90 mg-kg? KET, 1t
AW TOR BER R T MR ERER & & (P<0.05), H.
W A 40 5 it FH MG I A R 7 B th B a3,
TERERNEAER IR 120 mg-kg™ /KFBF, ji A
Y SR IR o} T SRR R R P B AR AR AN B3 (P>0.05) 6
ARG, SR SRR L & B i ib 324.19 mg-
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kg™ e, (R T B R L 2hRHE( <3 000 mg kg™
BETE ) , R A AN ERER S BB AR A XU

Bt A ) B e R B X SR A 4 B
AR EFZW(P<0.01), HFH Y EAERMN2E
M BB (P<0.05), W45k A W B35
M (P<0.01), FEASHt ZHE Fjiti & & 90 mg kg™ /K
T, e A 0 o 3 R v B SR AR M = (P<0.05),
LT A 0 3 A e P R ) B I T 184 o 1 224 e SR 5
) 120 mg-kg™ /KFHT, fiskE 10 g-kg” AT
KPR A R MR, T B = R e Rt
BT BEA  Major SFROBFIY R B, A= W B AN R AE Bt
= 7 14 pH (E, {1 + 3 A R BRI, AR5
w8 S 2 VR A R R ) B I T 2 B
kA%, Ho N2C10 kb2 A T SEm il B B A, T RE
S AR B U BEAS TSR AE K R S 3
W& AR AL, X FEaEsE
BRSBTS, EAMEEACFIRE A & 90 mg kg™ 7K
Ser, B A A T R b A B AR, R R R R 2
Hhnp kS HERIEREE(P>0.05), SHRIE
EFRAARFE, T AL S5, & &Y R
FARIEIN, B ESEH R E B ER N, SAR
R, M4V RAE R FREIE A S PR, B
BE BESSTREIRIKS, Chan 35 1, TSR B A
HE, B8 IS 2H 2 Hh A A O o R o A TR A e Y
(10.50,100 t-hm™) 38 iy 34 i, HLA= 4 5 o L /I
FEZHEAERAMNPRKENEZMYERBEES
(P<0.001)P, ZEARBIGH, PSHA PRI E 54
Wy SR it P R ) IE AR G I BT R RN B3, WT B
JE R R AW R it 385 S 3 pH 38K, T AR T
BER A

4 g

A B AT A B R m iR T B A R,
HIRTE 2.5%F1 57.3% 2 [, W25 h A = A 35 , it
A=W T IR 3G 7 AR R A, 2R W e 55 AL AT B pt X
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