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WE: [ HE ] WS a A5, R HED s . WOE R AT, TR s A Y g
THIEEACAH E RIS 1 . B R SRR Ak, WA W A X Eh e O S VE P, LA R b a3 F it
AR S S T URD RAR ARG, AR SR A B DL IS A B AR GBS R A R . [ ] it
55T 2018 4F7E BRIV RIEAR IO K2R 17 . DABHSE AL AN KWS0143 A bA Rkl 78 3t i inEh
AEEERL LR (Na,SO,. NaCl) FifgitEEl (Na,CO,. NaHCO,) Bl Ehmi il 14 (Na™ &8N 3 g/kg). RAMAIX
5, Mm%t 10 kg, % 6 AMbEE, DIAEERTMA 38 N 180 kg/hm® HXTR (CK), HAy 5 MAbH 413y
IAAEYIBE 30 g/kg, MiAMK IR A N180, 162, 144, 126 Fl 108 kg/hm®, FH-52 & BFF I EFHZE B W=, 3 %)
B 5 AR RR 20 K A4 D2 + R W gcR ot R iR R R (NR) . A2 ke & BUEF (GS) . B AR A AT
(GOGAT) W&, ORI Py it A B B Ml . [ S55R ] Shmlian &, A4 & 4m T+
R AN AL ; BCHN180 AbHR i 4R TR TR i, 7R BC LAl b Bl 45 it 20 IO FRAIS 45 Ao 30 -+ 1k 4k
A R A il N AR ) e RERS 2 B R R T IS R, it R SRR RN K it A= 4
5 A AR G BRE 2 R B o BCHN162 Fil BC+N144 & B NR EPEE T CK, BC+N144 [B3%F 5
117 K. B 138 KA, A GSEMEY B ERT CK, BC+N144 M GOGAT G HEIRA BE T CK,
BC+N126 FREF G EE 53 KM 138 KA, GOGAT iR #E T CK; MimA: 955 Bk BC+N108 ZbBIAh, £ ifi
AWy oR AL FEEH SR A HUR = . SR . PR B TR, O &R 10%~20% BE RS
BC+NI180 2, BC+N162 fy/=Hift 5 BC+N180 2R AW %, HEFHH THALIE; i BC+N126
BC+N108 [ i 5 /= i 3 i 0T BCHN180. [ G558 ] b A= Wy i) A5 Ak % sk S i e %+ 398 A W i
RO A A A DG B IE e i s2 e, SRS R SR R, RIS AT, M 1 RCT
3% Y, T ARNEEHER 10%~20%, $EEEER =M,
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Mitigative effect of biochar on saline-alkali stress in sugar beet
under reduced nitrogen condition
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Abstract: [ Objectives ] The paper studied the effects of biochar on soil microbial population, the activities of
enzymes related to nitrogen metabolism, yield and sugar content of sugar beet under saline-alkali stress, in order
to clarify the mitigation effect of biochar on saline-alkali stress and the possibility of reducing nitrogen fertilizer
input. [ Methods ] A pot experiment was conducted at the Experimental Station of Northeast Agricultural
University in Harbin, Heilongjiang Province in 2018. The sugar beet cultivar of KWS0143 was used as the test
material, and neutral and alkaline salts were added to make a saline-alkali stress soil for the experiment. There
were total of six treatments, among them, saline-alkali soil applied with N 180 kg/hm’ was used as control (CK),

and in the other five treatments, biochar were added in rate of 30 g/kg soil, and N were applied in rates of 180,
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162, 144, 126 and 108 kg/hm’ in turn. The seedling emergence rate of sugar beet was measured when cotyledon
was fully expanded. The population of soil bacteria and fungi were measured every 20 days since the six-leaf
stage of sugar beet, and the activities of nitrate reductase (NR), glutamine synthetase (GS) and glutamate
synthetase (GOGAT) in leaves were analyzed at the same time. Sugar content was analyzed after harvest.

[ Results ] The population of soil fungi and bacteria were significantly increased by the application of biochar
under saline-alkali stress. BC+N180 treatment significantly increased the amount of actinomycetes, BC+N126
treatment increased the amount of bacteria, but BC+N162 treatment was more suitable for the survival of fungi in
the soil. After the application of biochar, the activities of enzymes were significantly improved, and the activities
of NR in BC+N162 and BC+N144 treatments were higher than that in CK. Except the 117th and 138th day after
sowing, the activity of GS in BC+N144 treatment was significantly higher than that in control, and the activity of
GOGAT in BC+N144 treatment was always significantly higher than that in CK. Except the 53th and 138th day
after sowing, the activity of GOGAT in BC+N126 treatment was significantly higher than that in CK. Applying
biochar increased the sugar beet root yield and sugar content significantly, except that in BC+N108 treatment. At
the base of applying biochar, BC+N162 treatment obtained similar root and sugar yield as BC+N180 treatment,
and significantly higher root and sugar yield than BC+N144 and BC+N108 treatments. [ Conclusions ] The
application of biochar is effective to alleviate the saline-alkali stress on the population of soil microorganisms
and increase the activities of enzymes related to the metabolism of beet nitrogen, and improve the yield and
sugar content consequently. Under the condition of the experiment, the application of 3% biochar in soil can save 10%—
20% of nitrogen fertilizer input.

Key words: sugar beet; saline-alkali stress; biochar; reduced nitrogen application; soil microorganism population;
sugar yield
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Y pk BRI RAE P, PR S VR AR PR
FROTA R AR A= Py e, AT A5k 4 g
fRbE, $ HHE rae, nitm RHRED, B
ot I SRR AEAL BE T, 8 nT DLE o o SR Y
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TN AR B ¢ Ja 4 B 10% 6 B Dt RUIE , =5 i 2 i
S ER BRI , R RIS R T AU i 150
kg/hm? S 11 20% A0 Eh b0 T IE 5 it AL BE, B
180 kg/hm™o - DU e H 76 £5 5830 T it I 25 4y ¢
FRAF T A B RVE L, I — 2 O SR S
B . RO R BB, WO ER R
TR, SOMAERAER SR

bR

1.1 RXIEw R

HEREHSE A AP KWS0143, i E KWS 24
A7 o A AR DAL R S B IR 5 PR B AR e At
1.2 R

6 TR (126°63'E. 130°10'N) ZdbAll K
SR VAT, HESEAE 3 (0—20ecm) AR HL H
SRS+, B R IIE T WA 176.3 mg/kg .
HAUHE 83.3 mg/kg . PEALAH 153.2 mg/kg. A ML
35.7 g/kg. KIEPESN 28.85 mg/kg. A MRS M
0.08%. pH 7.65. /K+tIt 5 1 IZHEH FF (EC;. )
h1 122 pS/em, AW A FEOKRFEFEAE 500°C 1) = iR AR
AR HI, HIEEMER I T pH 9.29. ks
(K ICEK) 67.08% . PHE T35t 18.40 cmol/kg., H
A 78.89 m?/g. AbHEJE - EGL L (ESP)
32.6%. t3EEEr 0.39 g/kg. pH 9.15. EC,., N 781
uS/cms

KRR AR S, B b b X 3 B+ 3 AR
5%, W EAAHR 30.0 cm, &~ 26.5 cm, BEARAER
PR HE 10 kg, ERBIALBE IR :ER A bt $h 4% i
Fo2 s LA, f# Na& &R 3 g/kg, HApmirk
5 Na,CO, #l NaHCO, ¥y st b 12 25 Hrfkdh
o NaCl #1 Na,SO, i & ol 12 2, i 6 4>
AbBR . AN A=) it 180 kg/hm? X} R (CK); 7E)ifi
AL E L B N 180, 162, 144, 126 I
108 kg/hm?, W/ ANEHEMHE R 10% . 20%.
30% F1 40%, 4+ % BC+N180, BC+N162 .
BC+N144, BC+N126. BC+N108 F7x, [RXI AL,
AW R Wit FH o HIEXUCT SRR 3%, BRAE 300
g, Kbt ACFAY RN ELE, 5 REERY
JaZE ARl B AL B P,Os 90 kg/hm? . K,O
90 kg/hm?, HERALR 0 IR R | BERR — S FIBR AR
WL, AR, BAAEFRE L 40 1K

4 J1 30 HEERD, RRARIE 5 7, BE/CHE 10 RFp
To FEFMRIEMIGEK 2 L(RIE) . 5B, nhMA

Pl KA 2 Rpe—UoK, BRRART 500 mL, H
s Sg JR ek — IR, BRIRERARDE 1 Lo HERER X
M RIFE T 5 A 25 HIEW, SEn 18
BN EM RIS, B 20 KAAEK T RS OF
FEEE 53, 72, 97, 117, 138 K) BB BEVL
RAE 3 MR —BRISEAER, WE AN T bR . B
A F W ILEE 5k, 9 A 29 HWGRM =, I
TEME L.
1.3 MEIEIRRGE
1.3.1 BHEELRRAE e R EERRAE e S
PR B 5, 7R R IR N, R
FHERJTBCARE . 338 pH R L8 f SR A9 5E - 5
B R K H 5 - LIRS, 20 0 P A e i 8
pH il (Cyber Scan1500, [ %) FlH S KL
(METTLER TOLED FE30-Five Easy Plus™, | ) il
SE 5 BRI R B s, 1.0 mol/L Y
NaOH 7K fif + 38 J5 FAbR R i e 5 30wt v I il
FH 0.5 mol/L NaHCO, $EHUE 5 #ERLH (190 5 R
NH.OAc = #— MG RETE s AP E R FH H 5%
TR PR 7 Tk — AN s T PRSI E R KA
JCRED:; PIPEERAIINE R K L1 5 - 1R,
1.3.2 MRPrHERUEDRIE R ERRE:
FREEE 53, 72, 97, 117, 138 RAr BRI S
B R) B RE , BN 15 em 2847 TR 19 4RAR 1+
Bz AE ok, RPN R R LHE A E
%%, SR FH B T 4 AR 2 1A 4 18 B AR B 4 A
o PERERIN LR AR A4S, AVKE P RAF
FEt [l S50 = AT AL B

A MR RE S R AR SRR vk, AL
PRIBOHT fF 3845 3 Oy, wIE RHERGE, SRR REIR
AT MR K R A B 2 T 541, B 0.05 mL T
B RS), BE TEIRIE A R

RS R S I 1 SRR AL, kR 100 A
10 IR BB, 3G9 5 R, WG REERES
20~200 &R FRIETTEG A0 0 4 R A R
RRgedk, gk 10 F 10 AR B S, B3k
2 K, RiFRa R B 20~200 B AR FR T
B, EEMEHD TR FRE, BB 10 F1 102 B4
TR, 93 K, Wi REERES 10~
100 F &R FR 5
133 MERMINE PSS 2RI S
E S, TR R,

R (%) = HEE () AR R R T8 (L) <
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100
1.3.4 AACHHCEE e SRR R E RN
MRS K (RS 5E 53, 72, 97, 117, 138 K), 7 L
F 8:00—10:00 sTPEHL 3 BRKH R 47| Jofin L3 nytE
PRI VK Gl S0 58, K 5 R AP i A7
PTG PRI S o A ERA JEUEE (NR) 16 P 2 2 18 T M
AEeafy gk, IsE N R NR I, BTG 7 B A
NO, pg/(g-h), FW £,

A & WER A U (GS) A & A B (GOGAT)
TEPERI R, W B R FR Zhang 25U T vE IR ek
if o B 1 g MR AR, i 5 mL 50 mmol/L pH
8.0 MY RKkME—HCI $EHNZE Ml , WA RIS, 4C
T 6000 r/min B5.0> 20 min, B WS4, GS i1
D5 # 8 Lea S50 746, HT y- A MBS 5 R AEAR
e, ARYEFRME ML AT . GOGAT 16T
M 7E 2 M8 Singh S0 U5k, RN L-A 2 e e
31, 340 nm NS EEOGE T FE 0.001 /EH—4
TG P A
1.3.5 i, SRR R Wok)E,
AR A I5] 1 5 MRS E PR it , AP
PIE RIS PR P i (g/ik), HME# e (WYT,
SN ME 3R 5 PRESEHAR B, BOP%, I
THE W (g/k)-

FERERE (g/0R) = SR (%) x 77 (g/PR)

14 BUBLES S

K Excel 2010 $5#6 5387 44 147 554 3
TP EE DEBE RN, SR SPSS 22.0 B4
Duncan i Bt Z1ETE 5% K LA [R) Ab #1 R] 22 5
BENE,

2 ZER550T

2.1 ERFERNIE T A R A 4k AR b SRBE X IR
EYHENEI

2.1.1 % - AN R AR s 1 ATH, 7EHk
FhF 55 53, 72, 97 Al 117 KR BC+N108 AbH 4k,
B R R B AL A R R Y B S T
CK 4Zb B, BC+N180 4bHf +- 1 41 18 % i 4% 1 4] kb
N180 (CK) ZbH 535G T 39.4% (53 K). 20.5%
(72 K). 34.7% (97 K). 17.6% (117 K) F1 25.6%
(138 K)o BlANCHEH SR AREAL, T3 40 s A
R RS, 5 CK ALBA L, ShAab B R it in
AWk, R PR AR 30% A A 398 o 41 B AR AT
SFEIARAS

1 FEERKTET M % R PR 3% 4 2 = 80
2205 (x 10° CFU/g)
Table 1 Effects of biochar application at different nitrogen
levels on bacterial population in rhizosphere soil

Lb &5 KA Days after sowing (d)
Treatment 53 72 97 117 138
NI180(CK) 1933 ¢ 20.34d 13.93 ¢ 15.35¢ 7.16b
BC+NI180 31.88a 25.59 a 21.35a 18.62 b 9.63a
BC+N162 31.37a 2520 a 22.04 a 19.44ab 10.12a
BC+N144 28.80b 23.01b 17.51b 20.25a 7.56b
BC+NI126 28.00b 21.62¢ 16.94b 18.67 b 7.39b
BC+N108 17.54d 16.14 e 12.56 ¢ 1638 ¢ 6.37b

TE (Note) : [FIFIEHEG AR F-HEFRAL BRHITE 0.05 /K22 57
3% Values followed by different letters in the same column mean
significant difference among treatments at the 0.05 level.

2.1.2 W 3 AR 1Y S R M2 AlM, &
AH RS, AP T B R A S S
72 KA 117 RIS AR S . bR BCHN108, BC+
N126 4bFRAL,  45A= ) ok FN4R 25 it Ak B8R 4 18 B B 4K
I FEAS [ BORER 9] e CK 38, BC+N180 kb2
25 B A B AR SO CK AR R 31.9%
(53 K). 18.3% (72 K). 23.1% (97 K). 10.6%
(117 K)., 15.3% (138 K), HERBE ., BC+
N162 4bFHHE BC+N180 b HBRAE A G 55 72 K&
Gh, HAth R T BCHN162 AP L BC+N180 4b 343
B 12.03% (53 K). 5.05% (97 K). 12.05%
(117 K). 6.95% (138 K), BPjtifinA= 4% f5 2 AE it
10% SA7 R T4 M AL
2.1.3 XF - M 2 TR B 1) S ) Hi 3% 3 Al A,
BC+N180 Ak 35 -+ 1 v (1% Tl 42 T it 78 45 1 10 4331 Le
N180 (CK) ZbFHE 5.5% (53 K). 23.8% (72 K).
13.0% (97 K). 11.8% (117 K). 12.0% (138 K), H.
ESWE . WHEEIE 10% J5 300k BB e 7%
JE5 72 KEBIEE T N180 (CK) A, HAd 2% &
AN, B RERRR, 25 B B R i
RGBSy, Uit 2 20% Ja fE3G RS 55 53 K. 4B
117 KA 138 R+ w8 B % KT N180
(CK) Ab3,
2.2 ERERBME T A A Yk Rk e SRR X E S L
EE:0A

K1 RWT, TE A ) &5 A0 BRI R 25 S AN
W, A CK BB W ERM T 10% LhE, HiEh
ek B 360 e i A e S RN it FH 12 108 kg/hm? B
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*2 FEERKETHAEYRNRFTIZEEEHEMN
21 (x 10° CFU/g)
Table 2 Effects of biochar application at different nitrogen
levels on fungi population in rhizosphere soil

b A5 KA Days after sowing (d)

Treatment 53 72 97 117 138
NI80(CK) 4.43d 18.01bc 11.84b 14.29 cd 9.87c¢c
BC+N180 6.50ab 22.03a 1539 a 15.99 b 11.66 ab
BC+N162 7.39ab 22.00a 16.21 a 18.18 a 1253 a
BC+N144 6.69ab 21.13a 13.09 b 15.73bc  10.92 be
BC+N126 6.18bc  18.76bc  12.25Db 13.62d 11.03 be
BC+N108 527cd 16.81c 7.59¢ 1025 6.98 d

T (Note) : [FIZIEHEG AR FREFRRAL BEHITE 0.05 /K126 5
3% Values followed by different letters in the same column mean
significant difference among treatments at the 0.05 level.

%3 TRIARKETHRAEYRITIRFELIEREEHE
JS20m (% 10° CFU/g)
Table 3 Effects of biochar application at different nitrogen
levels on actinomycetes population in rhizosphere soil

Qb %5 KA Days after sowing (d)
Treatment 53 72 97 117 138
NISO(CK) 34.05b 4391c  53.17b  43.14b  41.72b
BC+NI80 3593a 54.38a  60.06a 482la 46.72a
BCHN162 3337b  4562b  5247b  4325b  40.79b
BCHN144 27.17¢  4339¢  5276b  3795¢  37.70¢
BCHNI26 2396d 37.69d 4936c  3517d  3344d
BC+N108 20.04e 2728e 47.64d 34.02d 3037e

I (Note) : [FIFIEHEE AR T-HEFRRAL BUHITE 0.05 /K- 22 5
1.3 Values followed by different letters in the same column mean
significant difference among treatments at the 0.05 level.

P REARAIE H R

2.3 ELEERNE T AN A R i AR XS B S
R KB E RIS

2.3.1 XFEHZEM A NR 36 P4 5 i Hy 32 4 AT,
K ALFEL S B NR [P TERE RS 55 53 Kb $ iR
KA, FEMEH S3 REHEMGE 97 R THRETF
FEBT B, FEMGEE 97 REREMIGHE 138 RiaFia
SE o WHAEYIR)G , BC+N180 AbFRFHZEM H NR #%
PETEA I A4 5B 35 3 T CK AR 3, I 2T 10% A
20% JE 2 I NR WE VAT & T CK, HERFE M S 28
117 RFEFEEE 138 KAP2E T3R8 W E7KF-o i
W I B B [ % 144 kg/hm? AT RE i & 4%

41 -
40 a 2
39 = =
38
37 +
36
35 L =
34 L
33t

T2 Seedling emergence rate (%)

NI80 BC+ BC+ BC BC BC
(CK) NI80 NI62 +NI144 +N126 +N108

B 1 FAREIRZRKFETHERED RIS EH T

HE RN
Fig. 1 Effects of biochar application at different nitrogen
levels on the seedling emergence rate of sugar beet

[ (Note ) : #F FARFEFREFRI/RAEBIETE 0.05 22 577K 1 35
Different letters above the bars indicate significant difference between
treatments at the 0.05 level.]

AT R NR JE M

2.3.2 XTI R GS WM R H 2% 5 Al AT,
KA PRESEN B GS W TEREA: B A R R AR 5 T R
B, MIEFPE S 53 RES 117 K AP T R
BL, $EREH 117 KES 138 KaTRE., MEi
Rt 1 FEARAE A S AN [ R B GS 1h M5 S BRI R 3
BC+N180 ZbH 4B GS iP5 CK AH HL 43 3R &5
T 27.0% (53 K). 29.1% (72 K). 35.1% (97 K).
33.8% 117 K). 42.8% (138 KX), BC+N162 4bBEFI
BC+N144 ZbBERISEM - GS WS PHERIE RS 117 K
FIEE 138 KAMY B E R T CK, R BC+144 A {547
HEhneE B GS i ERYE A

F 4 FREBRZRKETHRBEMRIIITH NR EMHEASIT

[NO, ng/(g-h), FW]

Table 4 Effects of biochar application at different nitrogen
levels on the NR activity in leaves

b3 &R G KEL Days after sowing (d)

Treatment 53 72 97 117 138

N180(CK) 246¢ 233c¢ 2.16¢ 2.03 be 1.97b

BC+NI180 2.65a 250a 226a 2.07a 2.05a
BC+N162 2.57b 243b 225a 2.06 ab 2.05a

BC+N144 254b 2420 2.22 ab 2.04 be 2.01 ab

BC+NI126 2.46¢ 235¢ 2.20 be 2.02¢ 1.98b

BC+N108 2.37d 2.29d 2.11d 1.96d 1.94b

11 (Note) : [RIZVEUEFAS AR R AR AL BRIRIZE 0.05 K122 5%
I3 Values followed by different letters in the same column mean

significant difference among treatments at the 0.05 level.
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x5 FEERKETHRAEYRNH A GS FEHERMm
[GHA pmol/(mg-min)]
Table 5 Effects of biochar application at different nitrogen
levels on the GS activity of leaves

%6 TEIRARKETHRAEMRIIMHE GOGAT FEMHH
#0@ [Glu pmol/(mg-min)]
Table 6 Effects of biochar application at different nitrogen

levels on the GOGAT activity of leaves

b A5 KA Days after sowing (d)

Treatment 53 7 97 117 138

Lb &5 KA Days after sowing (d)

Treatment 53 7 97 117 138

NI180(CK) 0.32e 0.21d 0.17¢ 0.06 b 0.05 be
BC+NI180 043 a 029a 0.27a 0.10a 0.09 a

BC+N162 041b 0.28 b 0.26a 0.07 ab 0.06b
BC+N144  0.39c¢ 0.26 ¢ 0.23b 0.06 b 0.05 be
BC+NI126 0.34d 0.21d 0.18 ¢ 0.06 b 0.04 cd

BC+N108 0.31e 0.17e 0.16 ¢ 0.02¢ 0.02d

N180(CK) 0.28 ¢ 0.29d 0.22d 0.25d 0.19 de

BC+N180  0.45ab 0.40b 037a 0.43b 034a
BC+N162 0.52a 042a 0.33b 0.46 a 0.31b
BC+N144 0.50a 0.39b 0.33b 0.36¢ 025¢
BC+N126

0.33 be 0.36¢ 025¢ 033 ¢ 0.20 cd

BC+N108  0.20c¢ 024e 025¢ 0.27e 0.18 ¢

T (Note) : [FIZIEHEG AR FREFRRAL BEHITE 0.05 /K126 5
3% Values followed by different letters in the same column mean

significant difference among treatments at the 0.05 level.

2.3.3 XFEEEEM B GOGAT % MRy 52 H 3% 6 AJ
A, AL FEERSE M B GOGAT 3% 1 Fifi A= 75 9 0 4
b, SRS RRES, A Yk 5 BCHN180 ZbH
At - GOGAT i ME7E A B L N180 (CK) b3
SR T 38.7% (53 K). 27.1% (72 K). 39.7%
(97 K). 40.8% (117 K). 45.4% (138 k),
BC+N162 Fl BC+N144 4h BRI - GOGAT {ifi
PRI B T N180 (CK) AbFR ., Wi EE 10% 5
GOGAT WG MEAEREMEH 72 117 REE® T
BC+N180 kb, Jdiiti &AL 20% J& GOGAT {5 P 7E %
TG 55 53 F1 72 K5 BCHN180 LB ZE AN B, I
Jiti & B 30% 5 GOGAT G M4/ F N180 (CK) 4k
T, HERIEMIGH 53 F1 138 KoL, 22FH5k g K
S, R A ok e RIS e B AE 162~ 144
kg/hm?® REBE4EHFT - GOGAT 115 BC+N180 Ab ¥
FEFRIZKSFE, RUlE iR 126 kg/hm? B/ RERE &R
BUBE AR GOGAT 161k
2.4  EEHHIE T HE A 47 F00RHE S BE X Bl S =
2. AEXRMNEEENEI

278 %, 5N180 (CK) AbFEA 1L, K&
BC+N108 AbHRAMS it A= ) e ab BREH 2 (0 7= 8t .
Wi BRI B . WU AT 20% (BC+
N144) J5HfSEHM ™ 2 B % & N180 (CK) AbHf
18.76%, 5 BC+N162 kbFf2 AR B3, Uit &UIE
30% Je AR PR = AT 3 = F N 180 (CK) 4b3,
H R E KT BCHN144 AbHE; 3t &R 30% 7 B
115 5.2 5 T N180 (CK) ZbFH, 5 5 55 v 1y A 3 hy
BC+N162, [t N180 (CK) AbHE 0.96 I~ EH 445,

TE (Note) : [FIFIEHEG AR F-HEFRAL BRHITE 0.05 /K22 57
3% Values followed by different letters in the same column mean
significant difference among treatments at the 0.05 level.

BC+N180 AbH R 0.25 AN E 40 i 7 it A e A Ak 3
J BC+N162, [ N180 (CK) ZbFEE 27.76%, b
BC+N180 #ZbHH 7 0.55%, 5Bk BC+N180 AbHEAR 1) fir
A Qb PR 2% S 438 0 2 Ko I A= W e s AT it
R E 144 kg/hm? BB 5473 5 25 T N180 (CK)
REFE, H 5 BCHN180 AbFHZE SR B 25,

3 e

e A Wy A B R RIS BR A A S 2
—, MeshE AR, RO AT . B
TR R FT LAVE A R0 4= e AR BRI
N TEER BN 38 T B e AN . B AGE T
R, g e, S54RSS R -8 ERER
JEH 53 K. B T2 K. H9T K. P 117 KER BC+
N180 AbHHAM it fil 24 47 Je b 31 4 38 240 T 430 i 35) (b 3
T N180 (CK) 4bH, RVt A= 4 5 et i & 4 v
IR RS . X ATRES M pH A6, FETE R
PSR S, HARKEE pH Th i miFAR, 208 Fik
A LE R I RO e 2, AN A=
o BB A REHE AR R A K, SAE AR KIE
BES, PR N 0 A R S 80
JE 10% T3R8 P4 98 rp B TR AN BR 400, Uit 5008
30% J5 5 N180 (CK) A b 4 48 v 0 3 A0 40 i A5 = 47
SR mEaS, X AT AR B R it A= 4 e R R
PPt T8 22 B AL SORTA LT, 40 B A Y
AR5 AR RLIRZS L SO0t 008 X L B 440 B A
MR . 5 BCHN180 AbHUAH L 4 3 2k 1 $ic it 7E
U AAL I 1 SRR, {H 5 N180 (CK) A FEAH L
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Table 7 Effects of biochar application at different nitrogen levels on root yield, sugar content and sugar yield of sugar beet

b3 BUti™ 4t (g/plant) B (%) TR (%) FWiE (¢/plant) FERHRIINER (%)
Treatment Root yiled Broot yield increase Sugar content Sugar yield Sugar yield increase
N180(CK) 185.00 ¢ 13.20 ¢ 24.42d
BC+N180 223.05a 20.57 13.91 ab 31.03 ab 27.06
BC+N162 220.36 a 19.11 14.16 a 31.20a 27.76
BC+N144 219.71a 18.76 13.83 b 30.39b 24.42
BC+N126 198.75b 7.43 13.78 b 27.38¢ 12.11
BC+N108 184.39 ¢ —-0.33 13.07 ¢ 24.09d -1.36

H: (Note) : [FEIFVEE G AR T3 R A BEETE 0.05 /K225 i 3 Different letters in the same column mean significant difference among

treatments at the 0.05 level.

Pt T 10% 7 RE AR FE R HE A R Sie, XAThiES
I MR R e A G

A= W) i R BN A T NHL 55 B 7 1 WL B A AR
e, WDAEBUR, M EY A KR e R AR E
F5, PEUERRTHT &0, TAEY) R T RE 7S IE 5§ AR F
FERYIPLERBRE S RIS . A BTN T REAZ 1 4
LR AL R, 4% B SRR A% 14 T e A 4 o
XN RF AR, R 7R E A
g, R R A A e B RN S,
A H bt A ) A it AL B AR L N80
(CK) #1407 10% LA, sl RUIE 45 A BRI HY i =6
ZRAEE, ARSI A B 0 R A G,
Lot Jin A= 0 o BB A - A9 T 8 4R v B S A ) SR
KO, RG24 108 kg/hm? B AR 97k
ATS 622 frp R B 00 X G5 HE ¥ A 1

NR 2R B El, A T R R A E
R, 05 Z W5 aE B e, e R aE T
T4 K ZEHME], NR. GS Fl GOGAT i P44
I, Mg S A S &, BRI, i
BRI R TR R AR DG TG M, HELR oK
00 AR P A SR, AL 180 kg/hm? FiESE
5 NR WA R F S AN R R B0 835 5 F CK Ak
L AR 10% F120% J5, & NR WSS R
T N180 (CK), BR#EFIEH 117 Fl 138 KA FHiA
AT, BIVAE YA e 6% 7 i SR A 30 XS it R
RACHIAH G & M P IE A, XATREZ R TR T
AW A B FRHER AN, A P ik kg sR T+
e R M BVE R, i T R IR i
MEES, AL . GOGAT G PEAE A4 M5
W SRS it P £ P sl 2 S B4 s B A, SRS it P
> 20% AL GOGAT T PEAT b 2 i T ATt A 4 o

FUifE N 180 kg/hm?® Y CK b, 754k, ARE0E K B
ER B B8 T it 0 A= 4 kS i IR X GOGAT {4
BRI L K T4 NR F GS #9520, B BB
N

AREFEINTy 0 AL e 2 R AT B B I ) %
AR mfadE, e, SRR DR,
S5 INAE Y hh B2 S g O ABER R, 5
CK A Fu B BC+N108 AhH 4R it i A5 ) o Je i =R A
HLOEERE . TR R ET S, X TREEEY
At 3G 5 T8 R A SRR, X NH, A 580
B RTORFEVEAT, B AR, fm HIEARESR,
AP T 5 AR R AP RE SR L8R 7341, K24
KT HHE, HULX R R WY R SR A
e, T ELAE P R K M B R A
A IS EY I = ) E B R E T, G TFIEIA
K, HEY R AR NEAS HAE FAX R 7= 5 e B 2,
KT AS SO A A e A GRNE e T LA fof 9 SR
AR il AR ) 5 I i AUIE 10% AR 7 1 AN
eSS BCHN180 AbH 22 S N i 3, it 08
20% Jo AR HUR & R 5 BCHN180 4 2= R i
F, X—JrH A BER R A Y bt T AR A TR
AR A, B T S — A R
W 5 RNE LA it 4 e 1 R AR 4 5% 04k e
J1, $Em TR R AR GRS M, A K AT
RGP AR, I LE K T S BRI
W R B IR L ], 48 TR R, (HA
SEMAALHEA T U — 2P 5T

A g A, S AR — 2%
5, BT AHI G 45 b A7 1 i — 25 A1 H R] S5 44
TR



8 1 Wittt A5 WRERZEPE T RSB THERER B 18 9 22 R A0 1499

4 Zhg
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