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WE: [ B8 ] Kk AR AL R E A8k F& 0956 0 5T £.4% Phyllostachys edulis #k 3% 84L& (N,0) i &5 7R H
T o %oh R SRR, AAFARE L N,O Hiak d s e RI A2k, [ Hak ] 2018 9 A £ 201959 A,
AEAL I TG 5 K Aol 4R TR O A B AR AR A B B SN R R S AN AR SR (RARNE). KRR RE
(100 kg-hm™?), & AK-F&ZE (300 kg-hm?), &AK-F &% LK ZF (100 kg- hm ™) Fo &K F H KR E (300 kg-hm ), KA#HE
B—AAMEEEN T EAREE NO MK R, SMELARBEAETIENO0BET, BE., KT, REHBEAM
XREEFEROHETANE, [BR]KKFREFFRGKF R FLEE LA LENO G F ZRIHBZHMT
17.3% #= 36.0%, kKT EEKEZFSHRFREFEZLESNELERT 3.1% F 16.9%, kEFREAREFLEYLE
8 £EAS R (NH-N) A & R (NO3-N) 2454 (P<0.05); RALIEILFN T LHOREMAIER F 5 A BN
B R QB EN, mAAKFLEREBRICT LK 3 AN 3847 (P<0.05), HAsh, £ LR SALETF, L4441 N,O
A RE LR NH-N, KIERANR . REEEEfRQIETHA/FERTFTMAN (P<0.05). [&£#] 5iEHM
o, R F B L N,O A B RIFROE, 2R AR T L3RR AR E 5 R AR £ B
F, BSA3AKSS
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Effects of biochar-based urea and common urea on soil N,O flux in
Phyllostachys edulis forest soil

CAO Shanzhi, ZHOU Jiashu, ZHANG Shaobo, YAO Yihan, LIU Juan, LI Yongfu
(State Key Laboratory of Subtropical Silviculture, Zhejiang A&F University, Hangzhou 311300, Zhejiang, China)

Abstract: [Objective] The aim of this study is to explore the effect and mechanism of the application of
biochar-based urea and common urea on soil N,O flux and environmental factors in Phyllostachys edulis forest,
so as to provide scientific basis for the development of fertilization technology to reduce soil N,O emissions.
[Method] A field control experiment was carried out in a typical subtropical Ph. edulis forest in Qingshan
Town, Lin’an District of Hangzhou from September 2018 to September 2019. 5 treatments were set up: control
(ck), low-level urea (100 kg-hm™), high-level urea (300 kg-hm™), low-level biochar-based urea
(100 kg-hm™) and high-level biochar-based urea (300 kg-hm™). Soil N,O flux of Ph. edulis forest was
determined by static chamber-gas chromatography, and the dynamic changes of soil N,O flux, temperature and

water content, nitrogen forms and related enzyme activities were analyzed under the above fertilization
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treatments. [Result] Low-level urea and high-level urea treatments increased the annual cumulative N,O
emission by 17.3% and 36.0%, while low-level biochar-based urea and high-level biochar-based urea treatments
reduced it by 3.1% and 16.9%, respectively. Both urea and biochar-based urea treatments significantly increased
soil NH,-N and NO;-N concentrations (P<<0.05). Urea treatment significantly increased the concentration of
soil water-soluble organic nitrogen and activities of urease and protease, while biochar-based urea treatment
significantly decreased the values of these 3 indicators (P<<0.05). In addition, under the above 5 treatments,
there was a significant correlation between soil N,O emission rate and soil temperature, NH, -N, water-soluble
organic nitrogen, urease and protease activities. [Conclusion] Compared with urea, biochar-based urea has a
significant reduction effect on soil N,O flux in Ph. edulis forest, and the key mechanism lies in that biochar-
based urea reduces concentration of soil water-soluble organic nitrogen and activities of N-cycling enzymes.
[Ch, 5 fig. 3 tab. 55 ref.]
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1.1 AREER

TR AE A BTN 77 1 2 DX LU BRI By SR AT MROR AR (30°13'N, 119°47'E). % X IR 4E 3
SIRM 159 €, FIFEKEN 1420 mm, R XA AU 20 HE, AT . HIEAE R
1.14 grem>, WRLH 48.7%, ¥ykik 33.1%, Fikihy 18.2%, pH N 4.87, AHLEK K 182 g-kg', AN
1.76 g-kg™, TR N 106.9 mg-kg ™', ARBEH 7.64 mg-kg ™', HALFIH 90.5 mg-keg .
1.2 iRt

T 1 AT AR R SRR AR T 2006 AEFARITTOR . HOFRII0AR 9.8 em, 3 000 Bk -hm?, 7EIZIX
WA BRI AL F/NX . A S AR OXFIR ORIEE, ck); @fK/KFIRE (100 kg-hm 2, LU);
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kg-hm?, HBU). BEHLX AT CNXEACY 120 m?), FE 3 K. AEH, RIEREHSHEN: ¥
JKAE Oryza sativa FEFFAPI TR (<2 mm) DL—3E LB SR B HATIIEAL I, & &Rl e BasE R, &
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R RN 28004 B B 70 B0 0o 5.8 1 569 g kg BEAN/INX UL E 1 ANFRSHFIICIE, o3 BIFE R g6 Ab B S 1
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A (NH;-N), FEASZ (NO3-N), /KIETEAHLA (WSON)., A% (MBN), HREGE VA B S
1.3 MEMB R
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IENE . 4 N,O il AT R 29,

szx%/xp—ox?xgo (D
L) H: FRHNO@pg m?h™") MHEGE S ; p AARERTL T NLO SR BE (mgm™); VR ERSAHIK
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N,O SRR E AR A (P m™); T AT P 43 00 367 I e 46 P9 04 468 X0 T (K) FI RS (Pa). T3

My =" (Rivt +Ri) [2X (1151 1) X 24% 107, (2)
i=1

X (2) ' M, N0 BAHEGE it (kg-hm >-a™), R N +HE N, O ft (ng-m™-h"), i ARFEIREL, ¢ K
SRAERFR], n R R E L, 1 R 2 UORAERY ] B R,
132 XEHEBRES A Fx EIREAHFT, XTEEHFR)Z 3 (0~20 cm) JE47 BURE I & 40 5 18
Pro TIEEKERMT R E , A LB 2 ZU5 & 08U TR 4T A, A 50wl o & 20 ACR T4
BT AL ME , USRS BOR G R I P, e T A BOR B O e P
FESATRAE L AU 57 RIRAE T 3BRE S OF AT 40 .+ 498 WSON it 43850 >R T LT 45628 iy 7 il
-3¢ MBN R 507 BB 2 -BRIR AR 420 2 ), NH,-N Al NO3-N B2 20500 5 2 I ZHOU 2589 (1) )y vk
D o I PRt % 1 FH S 19 3 L (kB D, 3R TS R (9 20 Afr 2 I GREENFIELD %552 iy 512 .
1.4 #HEE

BARAL IS B3 SPSS 23.0 AR AFHE T o I A I oy 25 4 Wt e i A B L s ] DL R
5o b 255 B[R] 9 22 AR FH X 438 NLO B R 52, R BRI 3R 07 22 0 i 45 B B N 3 e 22 50k, ik
B A0 PR 145 N, O A HERGH % | A SBHECE: LS HAh + HEAR S R FAR S (E RS . N — o2k nl
TR, A3Hr L4 N,O B ES IR . Sk . AL . RS T R0 1S T 2 TR R G

2 HEXRG M

2.1 RERZEMERELE N0 BERNHIN

M 1 al A G B | b B S A R) R N A HLAE A NLO B 35 5 g (P<<0.01). #F ck.
LU, HU, LBU, HBU £#F, 4 N,O & HA ML EEE (8 1), SMEORE, 15 N,0 HE
OB ETE 7—9 AR, 18 1—2 A&, BT EIE N,O HiCE B /R ZAAFET Bg3gm, HBEREM
s, SR, A ERPR R AL PR B ATAR 1 NLO HFHOE & W AR, R 2 e B R = ]
WM SR . 5 ck AHEL, LU, HU ZbPRAE B ATHR 13 N,O B4R ¥ HEHGE B30 14.6% 1 31.9%; 1fi
LBU. HBU AbFEi EA7AR 145 N,O BYAEIHERGE T A8 T 3.51% 1 14.4%(# 2).

mE 2 fs: BATMRAIE N,O 4F R IR R AT W00, HBERE B mmsgm, 24
1M, IR FEALFRREAR T BATAM L1 NLO 4F BRI E . M T ok, MK AT K IR 2 A0 HE 558+
HE NL,O 4F B FHERCGE =43 3L 5 T 17.3% Fi1 36.0%, fIK7KFF s K ok 36 PR AL B 530 1 4 NLO 4F &
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Table 1 Repeated measures ANOVA for the effects of different fertilization treatments on nine response variables

H THERE BHESUKE NHEN NO;-N WSON  MBN  fkf  EHEE N
b ns ns *ok ok *% ns ok wok 5%
OsE N =nE sk Hk *k *k *k *k Hk *k *k
AL B b B 1] ok * ok % % *k - sk o

VA . nsFRFIAR B3 *FR I T 2 (P<<0.05); ** /R B3 (P<<0.01)
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Figure 1 Effects of biochar-based urea and common urea on soil N,O cumulative soil N;O effluxes in a Ph. edulis forest

fluxes in a Ph. edulis forest
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Figure 3 Biochar-based urea and common urea effects on soil temperature and moisture content in a Ph. edulis forest
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70.2% . 18.5% H127.3%; {fi +43 NO3-N i A BUERIE A SN T 44.3% . 53.6% . 26.4% F117.6%( 4,
#2), Hck M, LU, HU AbBL EAT AL 1 HE WSON Jii & 40 5043 3 i 1 3.3% Al 15.2%, 1fif LBU
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Figure 4 Biochar-based urea and common urea effects on different 5011 N fractions in a Ph. edulis forest
F* 2 mERZMREZXNEMHLIENEEFEHERNZ I
Table 2 Biochar-based urea and common urea effects on annual mean value of soil environmental factors in a Ph. edulis forest
e NH;-N/ NO;3-N/ WSON/ MBN/ IR it/ =10
(mg-kg™") (mg-kg") (mg-kg") (mg-kg™) (wmol-g™'+h™) (wmol- g™'-h™)
ck 6.96 d 244 ¢ 155b 42.3 ab 1.15b 0.88 ¢
LU 9.52b 334b 16.1b 43.1a 1.28 a 0.97b
HU 11.84 a 3.60a 169 a 433 a 1.33a 1.03a
LBU 8.72¢ 2.85d 145¢ 41.1b 1.11b 0.86d
HBU 9.14 be 3.02¢ 13.5d 42.4 ab 1.00 ¢ 0.77 ¢

Vil RRVING S8R A B 22 57 1835 (P<<0.05)

M s A UL, RS A R T AR R IR . AR MAERE . T ck, LU A1
HU Ab B S SR BEHE PR AR E 20 IR T 11.1% 1 15.6%; LBU Fl HBU AL B B ATAK + SR B 1S PE4E 1Y
B BIFEAR T 3.5% Al 12.9%(3 2). MHHLTF ck, LU Ml HU Ab B34 S 808 FBE G PEAE (0 & 0, %
R 53514 10.2% F1 17.0%; LBU F1l HBU Ab 38 W FEAR 1 4= 828 11 BTG PR AR A4, FEIR  2.3% Fl 12.5%
(& 2).
23 TEN,OBESTERFHXER

&30 EFTALAIET, N0 S HHEEE . WSON . JIRREGAEE FH BN 15 2 1 0 35 A
X% (P<0.01); 5 NH;-N Fif 20 808 B E A6 (P<<0.05); (HS H3ES /KB B EMIEM: . 78 ck.
HU. LBU #l HBU 4 BN, BAT Ak 43 NLO HFiCE & 5 124 NO;-N Al MBN J5i & 73 £ 1 &2 1 25 40 ¢
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Figure 5 Biochar-based urea and common urea effects on activities of urease and protease in Ph. edulis forest soil
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Table 3 Relationships between soil N,O efflux and environmental factors in a Ph. edulis forest

AL TR AN, O 5 A e [H T R AR Sk

TR T ck LU HU LBU HBU
R P R P R P R P R P

3R 0.75 <0.01 0.68 <0.01 0.77 <0.01 0.78 <0.01 0.62 <0.01
gk 0.18 >0.05 0.13 >0.05 0.16 >0.05 0.24 >0.05 0.20 >0.05
T IENH,-N 0.73 <0.01 0.32 <0.05 0.30 <0.05 0.51 <0.01 0.46 <0.01
+HENOS-N 0.47 <0.01 0.23 >0.05 0.31 <0.05 0.51 <0.01 0.52 <0.01
+EWSON 0.46 <0.01 0.71 <0.01 0.68 <0.01 0.59 <0.01 0.48 <0.01
+1EMBN 0.51 <0.01 0.23 >0.05 0.35 <0.05 0.66 <0.01 0.76 <0.01
3R AG 0.77 <0.01 0.52 <0.01 0.69 <0.01 0.90 <0.01 0.89 <0.01
e 0.78 <0.01 0.50 <0.01 0.62 <0.01 0.82 <0.01 0.75 <0.01

(P<<0.05), 7€ LU ZbFEF BATAR A4 N,O HEjGH & 5 11 NO3-N Fl MBN Jit 253 5070 i 3 A0 e v .
3 4tk
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o, I AR AL T 11 N,O HERICE &, WlHENR B R 56.0%~65.4%, X 5AMGREERARML . it
FH AR PR 2 000 3 NLO HER Y R AT et e BE PR R rh 9 A= W B e g i 7 -3 fLBRZS A, st 1 3
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$[35736]O
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S, RIS R AN R B 2 (] () - 38R BV A 5 25 5, UBH R L PR FRN PR 2R AN Sl 1ok el A - 39
T B R 52 1 458 NLO HEjik . X — &35 BAYER %5 Y45 R —2, HAFR R L1 N,O HECZ A R4S
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