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Abstract: [ Objective ] This study aimed to clarify the effects of fertilizer and organic fertilizer combined with biomass charcoal

on the forms of nutrients and nitrogen in rhizosphere / non-rhizosphere soil, which is helpful for the efficient utilization and
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scientific management of farmland nitrogen . [ Method ] Taking the pot experiment of lemon as the research object, this paper set
up six treatments: no fertilizer (CK), chemical fertilizer (CF), manure (M), chemical fertilizer with biomass charcoal (CFB),
manure with biomass charcoal (MB) and fresh manure with biomass charcoal (FMB). By measuring the changes of nutrient
content in the rhizosphere and non-rhizosphere soils and the transformation of soil nitrogen storage forms, the effects of organic
fertilizer combined with biomass charcoal on the forms of soil nutrients and nitrogen in rhizosphere and non-rhizosphere were
studied. [ Result ] The results showed that compared with CK treatment, MB treatment increased non rhizosphere and rhizosphere
soil pH by 0.32 and 0.28 units, and FMB treatment increased rhizosphere soil pH by 0.63 units; MB and FMB treatments
increased the content of organic matter in rhizosphere soil by 25.4% and 84.9% respectively, and significantly increased the
content of total nitrogen in rhizosphere soil by 25.4% and 50.9%, showing obvious rhizosphere effect. Fertilization can
significantly increase the content of soil ion-exchange nitrogen (IEF-N), and CF and CFB treatments had the best effect. Applying
manure and biomass charcoal can significantly increase the content of carbonate-bound nitrogen (CF-N) in soil, and M and MB
treatments are the best, and CF-N has a rhizosphere enrichment effect. The combined application of biomass charcoal (CFB, MB
and FMB) can promote the transformation of soil non-convertible nitrogen (NTF-N) to two more active nitrogen forms, iron
manganese oxide bound nitrogen (IMOF-N) and organic sulfide bound nitrogen (OSF-N). IMOF-N and OSF-N account for
35.9%-61.7% and 26.7%-46.6% of convertible nitrogen, respectively, and are the main components of rhizosphere and
non-rhizosphere soils convertible nitrogen (TF-N). [ Conclusion ] Therefore, manure combined with biomass charcoal is an
effective way to improve rhizosphere and non-rhizosphere soil nutrients and regulate nitrogen transformation.

Key words: Manure; Biomass charcoal; Rhizosphere soil; Non-rhizosphere soil; Soil nutrients; Nitrogen form
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Table 1 Basic properties of biomass charcoal and organic fertilizer
tested

K
AR B C N P
H

/(gkg')/(gkg')/(gkg!)
(gke")

Test materials

9.50 238.5 0.808 1.754 6.827
Biomass charcoal

JE I3
Fully-fermented  8.89 — 2291 51.5 8.8

pig manure

8.61 — 21.46 313 7.9
Fresh pig manure

AR T 201948 5 H 1 H—20204E 6 H 25
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Table 2 Total fertilization for each treatment
pusiil RE T R Aty AHLAL A HLAL A=W o e TR
Treatment Urea Calcium superphosphate  Potassium chloride Manure Fresh manure Biomass charcoal = Trace element
/ (gkg™)

CK — — — — — —

CF 0.89 3.40 0.47 — — 0.34

M — — — 50.49 — —
CFB 0.87 3.10 0.24 — — 8.89 0.34

MB — — 49.61 — 8.89 —
FMB — — — — 52.96 8.89 —

. CK FaANMAL; CF Faiifbil; M RRiiAHUAL; CFB EXaafbIBELiGEA Y ik ; MB £~A HLALEL G A4 ) i % ; FMB
TR A UL 4= 9 i %%, FIA). Note: CK means no fertilization; CF means chemical fertilizer; M means applying manure; CFB

means chemical fertilizer combined with biomass charcoal; MB means manure combined with biomass charcoal; FMB means fresh manure

combined with biomass charcoal. The same below.
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Fig. 1
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Flowchart of soil nitrogen fractionation determination
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Statistics 26 #4174t 1143 #7 I Origin2018 A {417 &l
Feoxl, VL LSD fvh B E R E T2 E LK, %
0 F K P<0.05,

2 4 R

2.1 AEHEAELERTIRER K IEIRER 1% pH. Bl
BRRFHHE
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SAIEEANER 3 R, X FIERPR LM, 5 CK
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0.23 4~ #7 ,M . MB Fll FMB Ab B i 234 )i pHO.15~
0.32 NEfii; M., CFB FIl MB b3 i 25 1 A #LI5R
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ZERNAYAS A ; MB Al FMB Ab 345 1] 5 R e A5
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Table 3 Effects of different fertilization treatments on soil pH, organic matter and nutrients in the rhizosphere and non- rhizosphere soils

s AL A NOL-N NHEN B A R H
pH SOM/ TN/ AN AP AK
Treatment /(mgkg') / (mgkg!')
(gkg') (gkg') /(mgkg') /(mgkg') /(mgkg')
#PRr 1 Rhizosphere soil
CK 5.16+0.00c 8.20+0.11a  0.56+0.01a 1.64+0.11a 4.56+0.63a 51.10+1.94a 8.34+0.49a 50.69+0.51a
CF 4.53+0.01a 8.27+0.04a  0.66+£0.04b  15.59+1.13d 13.19+3.86b 69.16+0.23¢ 51.61+1.57¢ 205.4+1.24f
M 5.45+0.00d 13.05+0.06c  0.91£0.02f 7.13£0.12¢ 4.68+2.23a 86.20+0.18d  85.70+1.66d 135.0£1.63¢
CFB 4.82+0.03b 12.79+0.47¢  0.77£0.01d  15.83+0.11d 7.29+2.24a 68.36+0.07¢ 48.36+1.59¢ 156.6+2.01d
MB 5.70+0.01e 10.28+0.00b  0.71+0.01c 8.14+1.47¢ 3.82+1.12a 58.47+7.77b 38.67+0.98b 125.0£1.13b
FBM 5.79+0.04f 15.16£0.12d  0.85+0.01e 3.01+0.68b 6.29+3.50a 66.11+6.18¢ 37.57+2.87b 171.5+£2.52¢
JE#R PR+ Non -rhizosphere soil
CK 5.21+0.01c¢ 7.61+£0.04a  0.62+0.03a 4.37+0.23b 10.81£3.43b 58.57+3.56b 9.03+0.11a 74.43+0.24a
CF 4.57+0.00a 7.754£0.10a  0.76+0.01d  10.70+1.02¢ 24.64+4.91c 75.14+0.08¢ 70.43+4.24¢ 191.3+£0.65f
M 5.36+£0.00d 9.46+0.04d  0.75%0.00d 8.84+0.89d 6.70<1.14ab  57.08+0.64b 59.17+0.48d 99.94+1.16¢
CFB 4.98+0.02b 8.35£0.03¢  0.64+0.00c 9.26+1.02d 9.67+£2.94b 50.70+2.13a 28.87+0.04bc 87.12+0.64b
MB 5.53+0.01f 8.33£0.00bc  0.63+0.02c 7.70+0.28¢ 3.0740.49a  49.15+£0.01a 30.93+1.48¢c 123.2+4.14¢
FBM 5.49+0.03e 8.10£0.19ab 0.61+0.01b 2.97+0.06a 4.16+3.72a 50.71+2.34a 26.11+0.96b 111.8+£2.35d

TE: B 3 WEE KT « frifEi . ARIRF/NG 58 RR AR AL BUR [ — KRz (8] 19 8 % P22 5% (P<0.05). Note: The

data is the mean value + standard error of 3 repetitions. Different lowercase letters between groups indicate the significant difference between

the same area under different treatments ( P<0.05) .

JEAR B A FIAR PR 4 7t AR AL B S B pH A8 fb 3
A b —3, it FHAA LA A A 4 5 o e 4R A AL
i E i, HERW—E RPN, CFB. M, MB fl
FMB 4B MR BR + 2% & 2 8 % & TIERR £
( P<0.05), i Wi FH A AILAE A A= 49 5 o 1Y) 1 358 4 R

R T B AR . BATE, AYULEE
AW G N SR )
2.2 AEMEEALEXSRER A IER R L EAMFR
e
M3 4 Al 2% AL b BE 4 B 1 AC S A
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(IEF-N) & & i il 5 AL S A ( TF-N ) & i1 1.69%~
19.48%, BkFRERES G AR (CF-N) & 5l
A (TF-N) &8 4.57%~8.89%, Hhif E LWt &
AR (IMOF-N) & L&A (TF-N) &
i) 35.85%~61.72%, A HLER LY A &% (OSF-N)

L2 NS TN

Frit AL R TF-N S 1Y 26.65%~46.56%
4 FhATEAES R (TF-N) S KKK : IMOF-N>
OSF-N>IEF-N>CF-N, iUk Ak &5 R
(IMOF-N) & H3Enl b8 A (TF-N) [ EZ4
1

x4 AEMEEAIEXRER R IR LR EUSENETEUTRIER G LRI
Table 4  Effects of different fertilization treatments on the contents and proportions of convertible nitrogen and non-convertible nitrogen in the
rhizosphere and non-rhizosphere soils
IEF-N CF-N IMOF-N OSF-N TF-N NTE-N
pusi] Akt di bt Akt di bt g di bt LN Akt
Treatment Proportion Proportion Proportion Proportion Content Proportion Content Proportion
1% /% 1% 1% / (mg-kg™) /% / (mgkg") 1%
H PR+ Rhizosphere soil
CK 1.69 5.36 60.29 32.66 378.0+0.9a 66.97 186.5+8.3a 33.03
M 9.78 7.81 35.85 46.56 438.94+27.3b 48.23 471.1+42.9¢ 51.77
CFB 15.22 5.93 50.46 28.39 483.2+12.0c 62.38 291.4+2.9bc 37.62
MB 11.54 8.89 43.67 35.89 370.1+£2.8a 52.35 336.9+£5.7d 47.65
FMB 4.52 4.85 59.89 30.73 530.4+25.2d 62.26 321.6+30.9¢d 37.74
JEAR PR 1 Non -rhizosphere soil
CK 3.31 5.06 61.72 29.92 420.4+1.6b 67.96 198.2+27.4a 32.04
CF 19.48 4.57 43.67 32.28 440.243.5¢ 57.88 320.3+£5.7¢ 42.12
M 8.76 6.42 45.35 39.47 405.1+17.5b 54.02 344.9+17.5¢ 45.98
CFB 8.5 4.7 60.15 26.65 455.4+23.6¢ 71.72 179.6+27.7a 28.28
MB 10.56 5.65 55.77 28.03 421.6+7.0b 67.14 206.4+24.0a 32.86
FMB 3.93 5.77 57.4 32.9 355.44+5.2a 58.26 254.6+4.8b 41.74

1 : IEF-N, CF-N. IMOF-N FI OSF-N J& T il # L S 4&.,

7 L AT RS AP 5 L o Bt 3 R P39 {E « PRUEDR . Note:

IEF-N, CF-N, IMOF-N and OSF-N belong to convertible nitrogen, and the proportion is the proportion of convertible nitrogen. The data is

the mean value + standard error of 3 repetitions.

WRER i M B EIEE S R : NTF-N>
TF-N, HRBAILE LN NTE-N<TF-N,
Horp AT AL S A (TE-N ) & ol 48.23%~
71.72%, LEEAER AL A (NTF-N) b h
28.28%~51.77%, Ui IR R L HIETHALER
. CFB AbFHAS CF 43 i & 420 T +3 TF-N iy
At (P<0.05), MK T NTF-N B4, MB Al
FMB &b #E#5 M Ab A 9 2 82 55 1 14 TF-N /95 [k
( P<0.05), iM% T NTE-N 89 &5 1, BiA R A=)
FRALFE (CFB. MB I FMB) fEfe ik HHER RN
AR AT AL R A AL S A F A

B PSR (IBF-N) —JKiE s | b
TE RIS T A A 8RR, BITHREEA
(TF-N) i “TGER” WIER, S8 WIsoR .
P 2 JEAS TR A Ak B X + 383 7 Ac e S & (IEF-N)
R, W TAERPR NS, 5 CK A,
CF. M. CFB 1 MB #hb®f g # 45 IEF-N &
155.32%~516.91%, ' CF kb P30 7 0 2% X
FHRELME, 5 CK 4#AMHEE, CF. M. CFB,
MB Fl FMB #b3 i 22 % 1EF-N &t 274.53%~
1048.91%, H:f CFB AbBHMA IR i 3% . EARW S,
Jit A 8 25 4 R T AR PR A AR AR PR - 4 PR A A A
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(IEF-N) By&m, HPp A (CF) MALAE Bt
Y F e (CFB) AbBRAIRE R i B2, 492 CK
AL PR 10.95 511 6.70 15 .

100 - -
o |
2 Non-rhizosphere soil
@ gl bRt
E/ 80 Bd Rhizosphere soil
5
IS 60f
Qs
<Z. §D Be Anc
5E 40 Ab
= a
& Bb
g
£ 20r Ba Aa
5 Aa
=
2 , )
CK CF M CFB MB FMB

ALFR Treatment
T B E/ING F RN AEAR R AR B L 09 A [7] it AL b 2 22
225 B3 (P<0.05), ARG FHRR R0 A AER
Pyt FIAR B + 22 8] 22 5 2 ( P<0.05). CK: AJEHE, CF: %
M, M: AHUE, CFB: fLIL+EW KR, MB: AL+
Wi h , FMB - 3 A7 HLAE+A= 9 i ¢ . T[] - Note : different small
letters in the figure indicate significant differences between
different fertilization treatments of non-rhizosphere
soil/rhizosphere soil ( P<0.05 ), and different capital letters indicate

significant differences between non-rhizosphere soil and

rhizosphere soil of the same fertilization treatment ( P<0.05) . CK:
no fertilizer, CF: conventional fertilizer, M: organic fertilizer,
CFB: fertilizer + biomass charcoal, MB: organic fertilizer +
biomass charcoal, FMB: fresh organic fertilizer + biomass charcoal.
The same below.

K2 IR AL AL B AR B S AR AR Br L e B 7 Sc e i
Y
Fig. 2 Effects of different fertilization treatments on ion exchange
nitrogen content in the rhizosphere and non-rhizosphere soils
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