5551 % 555 +
2014 429 H

% ow ik
ACTA PEDOLOGICA SINICA

Vol. 51,No. 5
Sep. ,2014

DOI:10. 11766/trxb201310150462

£ RIRES HIER

"

>N

Y

S & 37

SNEFELZRNE

T A B & HEK

(VYRR A BRI B 2 e, EE IR 400716)

m =

SR 2 N AELIR B 5%, B OIS T E B — AR RS R R R R BT ST TR R K (AR K LB K

TR KGR S35 45 AN R AL A E Ve T, 76— G2 I (8] 0N B 24 e LA o 4 SRR« DU AP IR i 76 N1 N2 N3 JKF T,
Wt 5 T 1) P 35 0 220 #4282 i R R 40 B S 8 R R /N O A B 4% AL SR W (22 1 TR 10 ~ 15 d BB IR B B
AR FEIR T ORIK KRS IS I R — S e 1 R A b R S T A AR TS I S A R — A A
BE A0 ) 09 42 2 5 16 DU RO T 406 A IR Ak B R T R T A = AR R S R AR N3 R LE TR
A A s Ak 3R 5 S A Elovich J5 2 A0 90 26 97 BI7 2 39 B8 S 4 0L 0 A9 472 2 ik B 1) A9 8 Al HEAR O R

B EI B E KT
e 3
FESES S143 X #k AR IR D A
AEMPAEKETLTFICRZ —, RIEM K&

i A 7 M A B TR A A (E S i % R0 it

AR DL s AN A B SRR AR EE R

5 e 1 S A e N s s 0 S 7 e e g LT B

SR 52 0 E A B AT R 1 U R R AR R

MEHEETRRIER AN EZRZR, &22REH

T B TR IR, AR S A b R A RUIE L 10% ~

47% 5 S tt AR T AE LR R AL R &

MEE Rk K, SANLEHAHE RS ED

73% o fnfap el b A0 o AEORE R Y L R A R

)45 B0 AL A B4 S 7
o E AR TR R BRI A A Y T x

10° t v 5 0 A 0 5 ol A Sk BB VB R, P R VR

FEFFAE =20 6 x 10° ¢ 01 Bl 25 [ 50 4 R 2B 25 35

8545 1 ) B M) D S T E O B L 4% %A T — it

AR T A BE IR AR S v )07 R B 7 2 B IR e

SRR, A K & R BE PR SRR ) B 5RO R R &

TR o K B FLBRE R WK R R R

TLE AT A B AL TE ok B S T A

FEMAER L BE 45 1 R AR 4 i A K

DR E R e AR R S AR R LR

{9 T3k A 0 % P S R AR O A 5 R L O R A

w E R 2 BHE 30 H (2012BAD141318 ) ¥t B)
T B IRA/EH ,E-mail; gaoming@ swu. edu. cn

YEH A 2 28 (1989 —) , L AR M, 8L A9 4E , 22 N3 + 3T it 5 SR BT A 5

W H B 2013 - 10 - 155 MBSk H 91:2014 - 05 - 17

YK s &5 R B R R IR E

PRk E G R4S, Kl N I C fERA
RN PP UE N A T A R WL A 2 L
B LES BESEICHUCR B2 AR B T K e
Ak O 5 IE T Al A2 RE S 1 9 2 3t
Tk 3% MCHA R T 3R, 3 0 IE 9 J5 0 3R (9 A AL
P, 3 BERS 78 70 A M % 5790, el /b Xof 34 858 1 15
oo FAT, X AW 5K 1 W 5T 4R R AR TR 1 2 R
AR B R DL RO A AR W 4 3 7 R A L TR
A=Wy K i 55 A L 6] 6 A PRI SR D T AR
W TR A S S TR ) A A IR AR A 2 T B
R (4 [ 58 o A SCOR Y b AN [ 26 0 1) A )
Jo W i 53 ) 55 A [A) B) A AEHR 45, T 5 A — 72 I [ 1Y
SRR U, LA g A R A 7 2 Jn i A HE
o R A SRR A IR A

bR ik

L1 gt

EEV DLV IV I Y I
BT 2012 4F 3 HAE T DCE B REA AR .
T BB P S BB 8 5 L ORF KR
FF DU 40 IR 2 0553 5 , BOA B 0 #1800 ~

E-mail ;277840241 @ qq. com

http : //pedologica. issas. ac. cn



54 WA R BURE S IR A 0 S A5 K 1 R R 1161
900 C oL, Py A= By B i B A B P d5 928 IR (R 46. 0% ) AALHT (5 81 60. 0% ) (Wi TR

YooK, LA B PR R 36 1o it Ak AT 23 531

TR (B 52% , BBl 34% )

F1 HilREEUER

Table 1 Physical and chemical properties of the test ashes

FE it 4 5 PR3] 2R &R0 24
Sample No Ash type ol Total N (g kg™") Total P (g kg™') Total K (g kg™")
R1 Hi KK Sawdust ash 12.8 0.78 5.99 24. 89
RII A 52K Rice husk ash 10.3 0.96 2.52 21.90
RII F KK Com stalk ash 10.7 0. 64 2.42 25.38
RIV JKFF K Rice straw ash 1.1 0.68 2.25 87.28

1.2 RIigit

A FRELE 0.25 mm B8 A K 4 TR L ROK
JR KRB DU AR s 45 15 g 5 AH N 19 46 IE (3 = A~
KA G300 NTJRER 2,25 ¢, N2 JR&E 2.25 g + %
L8R 2.25 g, N3 JRE 2. 25 ¢ + R &4 3 ¢) 707
BA G, 4T 500 ml ()7 FORR S, A &8+
KR A YKoy & iR 15% 36 12 A~ 4h 3R Fﬁﬁ
RERTESE FRRT I E T 25 C IS Ak o MO8 35 . Ik
H 7B SR MR & W el 4 — S e Je ), f A
10 ml 2% W2 — 45 /R IR A W SR NI E T
FUR P AE R N8 I WS AR | % B 3% 08 n =5 %% 347, F
28( 1) CHEIRAR H I FR . FEFEFRMEE 5.10,15
20,25 .30 .40 .50 K BBL/IN, [ B 4 A S5 —
[FIRE AR (B8 10 ml 2% BliR - 45~ AR & muél’J
SARL NN 35 95 d5t Ak 22 1% 9% K ok 1 88 k)
/N P B TR AR FE AR E HCL 3 28, [ B Re - 48 % 7R
B EREA L T hr R A & MR br R 0
HITARAG Y N WL &, a8 s
I 18 RS it AR e ) |, 4% 4b B % 8 3 AN
S AEEEABE 3R W] a2 R B 5% 0 FR B O AR 58K
gy o HTR B B AR, RHEOK R R LR E A2
1.3 MEFE

SR % P & 0 P ki, RDE N E R B
I Al - ARIETR A W b #E 0 s Wl
PR s, P FE b o R U R T R A7 2K (NH)
RO BRI R,
1.4 #iEgE

B b B R ] Excel2003 , SPSS18. 0 25 45 3 %%
4, X BOHE BEAT J5 22 43 B (LSD 3% ) o U K R I
BREE R FRAUTAXIE

IR HEFE (mg kg™ d7') = HIF R B/ F
i (]

BHEHELF (%) = RE
A x 100

NG5 S /R dh b

2 #iRHie

2.1 N[E A8 B 4L BREL bk 33 R IE X =8I 0E

& 2 J DUFP K s 78 AS [R) A0 IE e BE T 45 1sf ) BE )
R K, N 2 FTLAE - AR K s 76 K [ 46 e
Bt Lb T, 45 B B2 i 44 ik 259 18 30 20 1 R N 1
B, FEREFR 10 ~ 15 d #1115 ~20 d B[] 3 FE Py, Y
FPOH#EAE NI N2 N3 KT, 8 0 # & i ik 3 i K
B o B Ry 78 b [R] B P, R 2 W K fife 5 5
NH, ,NH, ¥ JE 8 KA iF 7 NH, [0 NH, %% 4k, Ut B
NH, () # % St 328 7 18 i, 3L v B8 RO 72 N1 K SF
TLHEREFET 10 ~15 d WA K&K, N 80.13
o BT EK K FN K TG KAE N3 KT &
B 4% 2 1 B /b 7 N1 N2, i Ab 3 N1 Figb 3 N2 rh
R R 25 AR, Hh 87 KTE N1 JKF T &
M de KA R 38 N3 KO R &Y e K ko 4 22

mg kg ™'

36.59 mg kg ™', 5 N2 JKOFF & B i KI5 K A2
12 4.32 mg kg ™", Ui B L6 TR A 4 o A B R AU

B A R R R A R R R I A SRR IR E A
WO R 52 M AN K 3K S T W R — U4 A K ff i
R b= Az i K A B H T 4 25 76 B R AR 1Y E g K
EP AL EFREEH pH FEAR, MTW%IJJ?%%J(%@FEEE’J
b ) S AL T S TR A I A BB AR AN K Y
E&w&ﬂﬁ,lklﬁtfﬁ‘éﬁﬂﬁﬂ NH, %ﬁrﬁi NH;,
AR - AL EIR A Y7 &4 B B Ak
SEIE , A FE K R KK KR K TE 45 4 3 S 244
B SR FE I N2 > N1 > N3, 4 Ak 4% b 3
B A B B AR B R B N1 > N2 > N3, 5 NI
FH LG, B A K o N2 (N3 7KSF R &0 34 4 & a3 T
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-30.92% . - 32.18% , A& KN T 33.92%
-85.37% , FE KK M T 0.08% . —87.34% , /K Fj
KIEINT 6.26% . —71.31% . A W25 5% JK . £ K
PR KFE WA AR AL B e 1 =7 3 4k s B 5

*x2

M AN, A B iR — B0 8 = 4 ) O X % R
T AR o A SAR B B R U e e
(4 235 K hE
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Table 2 Effects of fertilizer-ash mixtures on ammonia volatilization ( mg kg™’

) as affected by ratio of the mixture

K s e B %2 05 [E] Incubation time
eI KFE? 0~54d 5~10d 10 ~15 d 15~20d 20 ~25 d 25 ~30d 30 ~40 d 40 ~50 d
1 e 20.23 + 56.38 + 80.13 + 67.63 + 41.76 = 17.32 + 10. 38 + 8.63 +
AR
Sawdust ash 2.03Aa 10. 21 Aa 16.23Aa 13.21Aa 8.05Aa 0.33Aa 1.48Aa 1.42Aa
5 17.86 + 40. 46 = 53.23 47.46 = 23.65 + 13.68 + 7.23 5.35+
N
1.82Aa 9.30Ba 11. 07Ba 9.78Ba 4.36Ba 0. 18Aa 1.32Aa 9.08Aa
12.38 + 36.35 + 48.36 £ 54.78 + 20.56 £ 11.36 £ 5.87 3.36
N3
2.12Aa 5.81Ba 10. 30Ba 10. 89Ba 2.37Ba 2. 10Aa 1.09Aa 0.51Aa
N 16. 86 + 32.56 + 45.31 = 25.68 + 13.85 + 6.86 + 5.87 = 5.53 %
(TS NI
Rice husk ash 1.73Aa 5.01Ab 9.24Ab 5.06Ab 2.45Ab 1.02Ab 1.31Ab 1.67Ab
2 17.33 + 35.86 + 49.63 £ 45.06 £ 24.25 + 14.23 + 9.68 + 8.23 +
2. 10Aa 6. 12Ab 10. 21Ab 9.42Ba 4.62Ba 2.44Aa 1.52Aa 1.98Ab
1.15 + 6.75 8.72 + 5.67 = 2.38 % 2.45 1.38 1.38
N3
0. 09Bb 1.28Bb 1.75Bb 1.23Cb 0.28Ch 3.51Ab 0.16Ab 0.20Ab
e 15.19 35.39 = 44.39 £ 50. 69 + 26.39 £ 16. 86 + 12.63 = 10. 86 +
EES
Corn stalk ash 1.42Aa 5.06Ab 9.04Ab 10. 07Ab 0.52Ab 2.20Aa 2.99Aa 1.08Aa
2 17.98 + 42.35 £ 51.68 + 36.67 = 27.83 + 15.34 £ 11.36 + 9.36
2.12Aa 10. 04 Aa 10. 96 Ab 4.23Bb 0.38Aa 2.71Aa 2.01Ab 1. 78Ab
0.69 = 6.79 = 8.36 = 4.14 = 2.36 1.38 + 1.67 £ 1.52
N3
0. 05Bb 0.99Bb 1.42Bb 6.52Ch 0. 15Bb 0.27Bb 0.35Bb 0.17Bb
g 17.13 37.93 = 57.36 + 38.95 + 26.36 £ 15.64 + 13.21 = 11.89 =
K AE K NI
Rice straw ash 1.81Aa 6.30Ab 12. 06 Ab 7.04Ac 0.44Ac 2.54Aa 2.43Aa 2.51Aa
22.10 43.86 = 58.13 + 65.24 + 36.67 + 22.38 + 13.53 + 11.97 +
N2
3.07Ab 9.78Aa 12.34Aa 13. 02Bc¢ 6.22Ac 4.02Ab 2.89Ab 1.95Ab
3 4.14 + 11.32 + 16.91 + 10.25 + 7.81 4.81 + 3.85 % 3.58 +
N
0. 11Bc¢ 1. 17Bb 2.34Bc¢ 1.67Cc 0. 79Bc¢ 0.75Bb 0. 46Ba 0.57Ba

TE:NL: R 2.25 ¢, N2: IR 2.25 g+ SAALHH 2.25 ¢ N3 R 2.25 g+ B M 3 g0 FWIAPKIE T, 6 —
3 (p<0.01) ;[ —ALMEFE LT, A — 51 B A AN 6] 5= 51 320K 22 53 .3 (p <0.05) Note: N
urea 2.25 g+ K,PO, 3 g. Different letters in the same column under the same ash type mean significant difference at p <0. 01.

same column under the same mixture ratio mean significant difference at p <0. 05.

2.2 A[EAS 1) B 4K BB R bk 3 S & E R
TEAS A B IR B B, A AL HEBC He 2045 & il
Wit o T] A 1A A ) 4% 28 oy i (AP 1) 4 Ak R % 4%
RIEHZ HMBAE 10 ~ 15 d BT 2B B, B A K ik
HNT N2 P B 45 sl A B W4 , 76 10 ~ 15 d 1)
5 R AR 3 B U W i R R 3 i) R R /N R Y

F) BAT A [ 45 ROR 25
1. urea2.25 g, N2 urea 2.25 g+ KC12.25 ¢, N3:
For different letters in the
(DAsh type, @PFertilizer levels

18.57 1% .19. 87 1% ; kb B N1 N2 (N3 v & 4 °F 24 #%
KRB R /NRI A N1 > N2 > N3, 4b# N2 N3
R A R HE R B BN T AR B N, 5
HITE R — AR IEIR & W) h s AL B B IR — =B
AT LA S AR K P S R K. mE L A, A
FE K ER K KRG K b Ab 3 NT N2 N3 & i #5 &
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HERBEHE R FRTEK TR IKFEK N3 KFETF
B AR B SRR HE R 4y R AR e KL R KKK
FEIKI 6. 46 15 7. 17 4% 3. 08 %, A UL, B A K h
VNN BR R RN R E BB B R i s ik, B

(REY SUE
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T, pH B TF e — AN By E R KRR 10 450

478K Rice husk ash

10~15 |
15~20 |

(=]
2
wv

1
el
?
(=)

20~25 '

15 3%t A Incubation time (d)

JKFG K Rice straw ash
14 F
—A—N2

LR —=-N3

10 |

8 -

35370} [H] Incubation time (d)

R s TE AN TR) A JIE TE LG R %o 40 3 236 119 52 i

Effects of ashes on ammonia volatilization rate relative to mixture ratio

B AR pH 5 T HAM K, pH &% K ) 3 2 bk
RZ— Bl pH 7, BB AW LB T @, A A
s Sy B O o DR R i R R B T R S
SRR R DR BRI 00 i 1R S K i
RRVE A7 B T REAR K s~ FEAETR & W0 pH, AT %
IR T PR ZR KA fol A A0 2R o A o A AR R AR
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fig — A B HE W BRI K - (WIBIR A Y B BEE
K, SAbE NT N2 AH G, N3 KPR 43 5% K 1) 2
TS % R4y 5wk /s 81.53% .85.35% , & K JK 4%
S /N 86.83% | 87.32% , K G K 4y B W /D
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Fig. 2 Accumulative ammonia volatilization from the mixtures relative to mixture ratio

2.4 AEKEFRMEGTRELHNFER

R U6 5 R0 A [a] 4k B B A i) A Ak ) AR
¥ & 14 A Elovich J5 2 (Qr = a + blne ) FIh 4 £&
PROFRE(Qr=a+b™" ) AT LA LR (K 3) B
AT TARGF B LG B, A OC 3 8034 36 B4 1 2% K
o Hoh Y B BRI OC R B - R 0. 936 ~
0.965,3{H K 0.952; Elovich T WA XL RE r N
0.969 ~0.989 , ¥ {E Hy 0.980, 4 2t tfi 1 5 F2 ff

], Qe NEFE LB, a W 1 RWEAHERE,D HE
P8 il A VRS IR [8] A B 28 4% K o 7R Elovich J7
AL LY T b, 280 b R AT U R &
MEAS TR A 15 T & B 45 s A [a] — 8l Jg 2 5 R XS
AR HE e LE T B 2 SR I Y LA R AR TR
Elovich J7 f v, DURR I i 7 A [] 4k B 8] 2 3 3 i 22
S, BS80S B RREE L BB —
B BRI A, A5 3¢ K R JK KRS K AE N3 K-
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T, a B4 XHE A b {H /0 F AL BE N1 A N2, 0] L 5X
SRR A B N3 SR 5 N2 /N T Ak B
N1 1 N2, 58 B 76 45 76 B T 2K B RN 7K R K Hh 8 i il
2 — S TR A W pH RS 0 &=
R D RABR . YLy BoriEd, S5 b h
R AT DLk R AE &R A K b (B K
AINRILR N1 > N2 > N3, 2458 K F KK KRG K

AEFENT N2 9 b E#EIF HI B KT N3, X 5H
Elovich 77 4L G45 2 0 45 A0 7] . Elovich J5 2
ALY B REAF R SE b, AR K TR b
(B 349 T oAt = i v, 3 3 W 0 A K b 2 15 R i
JIE RN S o S5 1 R H Al = A 3 3k 2 PR R B R
1 pH T A =R B0E 1 pH REAE #F A 1Y 15
B CHMARBHR

R3 REMNESERNHHFRE

Table 3 Dynamic model of ash affecting ammonia volatilization

Elovich J5 %

EIRY S O

TR e Ak AR 7K S Elovich equation Parabolic diffusion equation
Ash type Fertilizer levels Qt=a+blnt Qu=a+b"’
a b r a b r

HEA TR N1 -208.7 138.2 0.975°" -93.50 63.05 0.946 " *
Sawdust ash N2 ~135.1 93. 10 0.977 " ~57.20 42.42 0.945**
N3 -135.4 89. 46 0.969 " * -60.28 40.71 0.937""
BEIR N1 -84.14 64. 16 0.976 -29.23 28.98 0.936 "
Rice husk ash N2 ~135.0 90. 61 0.980 " -60.55 41.59 0.956*"
N3 -20.53 13.53 0.983 ** -9.156 6. 151 0.949 " *
ER 33 N1 -149.2 95.42 0.982"* ~72.44 44. 15 0.965 " *
Com stalk ash N2 ~135.5 92.59 0.989 " * -59.43 42.50 0.961**
N3 ~18.15 12. 06 0.983 ** ~7.899 5. 461 0.946 " *
IKFE K N1 —-144.4 95.9 0.985"" - 66. 15 44.17 0.964 "
Rice straw ash N2 ~190.2 123. 1 0.979 -91.04 56. 89 0.962*"
N3 —42.42 27.75 0.987 " 19. 81 12.77 0.965 " *

Qe B L ,NH, -N mg kgfl st A hyn =7 1y o5 =0.707 .14, =0.834 Note: Qt: Cumulative volatilization, NH," -N mg kgfl s b

Time, h; n=7, ry s =0.707, ry,, =0.834

3 4

I TR) SR B AR BB 5 A A VR 5 e P S R
WHHE R R R A e AR K A3 52 K
ORI AR VU R i 5 A S TR 5 A A% B SR
W B, A R IR B e 22 4% e o R i 1 1) A B A F)
TR U A A BB B A R WL 2 Y BRAE 10 ~ 15 d
MR FR B Be o A 58 K L B K IR K RS K U I R —
SETRENE U] B FEAIRIR & 9 P I A D R
WK, B3 AR T T1.55% ~ 87.32% o AN IF]
TEREBLEE T R AR (pH12. 8) 2 RBUE & B R I
9 :N1>N2 > N3, W] R F 452 K (pH10.3) \E oK
W (pH10.7) OKAEHK (pHIL. 1) =FhJK i, ] WL AE JK
- AL IR A b pH 52 2 R R S B

. MLy #or B Elovich J7 2 8 & & 1 #
o TR S T N QN N B/ N QW B
BRIE U A I AR = R AL AL E e (N1 N2 N3 4b 2K
) T EIA B 2 K F, Hoh Elovich 75 & RE B AF
Mo APL 5 I v A% ke B AR A o

2 % X W

(1] 2, £PO, XIJFE, 4. AT AL KL F 2 5K 1]
T ER R AR, 2009, 29(1) : 307—314. Li Z
X, Wang Q C, Liu K C, et al. Law of field soil ammonia volatil-
ization in summer maize under different fertilizer patterns ( In
Chinese). Acta Ecologica Sinica, 2009, 29(1) : 307—314

[2] Bhk=, Fk, &T8E, . B0 b - A & /6
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EFFECTS OF BIO-ASH MIXED WITH CHEMICAL FERTILIZER
ON AMMONIA VOLATILIZATION

Huang Rong Gao Ming' Liao Yanni Wang Dan Deng Wei Ye Xiayi

( College of Resources and Environment, Southwest University, Chongqing 400716, China)

Abstract Bio-ash is produced from burning of biological solid waste, high in porosity, large in water absorption ca-
pacity, comprehensive in nutrient, sterile and non-toxic. An indoor incubation experiment was carried out using ashes of
sawdust, rice husks, rice straws and corn stalks to explore effects of the ashes, when mixed at a varying ratio with chemi-
cal fertilizer on N volatilization from the fertilizer within a certain time period. N volatilization was determined with the al-
kali absorption method. Results show that the mixtures of the four kinds of ashes and chemical fertilizer regardless of N
level (N1, N2 and N3), with the time going on, N volatilization increased first and then declined in both volume and
rate, with peaks mostly appearing on D10 ~ D15 of the incubation. In the mixture of rice husk ash, corn stalk ash and rice
straw ash, addition of potassium dihydrogen phosphate significantly enhanced the effect of inhibiting volatilization of am-
monia, while in the mixture of sawdust ash, the addition of potassium chloride or potassium dihydrogen phosphate had the
same effect. Among the four kinds of ashes, sawdust ash was the lowest in the effect of inhibiting volatilization of ammo-
nia. Therefore, ammonia volatilization was much higher in the mixture of sawdust ash than in the other three, and even
reached as high as 5 times that of the others, especially, the mixtures were at N3 level. The effect of sawdust ash
(pHI12.8) varied with N level, displaying an order of NI > N2 > N3. Elovich equation and parabolic diffusion equation
can be used to fit the volatilization of ammonia from the mixtures over time, with correlation coefficients reaching an ex-
tremely significant level.

Key words Bio-ash; Ammonia volatilization; Ammonia volatilization rate; Urea
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