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Effect of different surface molecular membrane materials on inhibition of ammonia volatilization and the ac-

tion pathways in paddy fields

WANG Meng—fan'?, YU Ying-liang’, YANG—Bei’, XIE Fei’, HOU Peng—fu®>, YANG Lin-zhang’, XUE Li—hong™, SUN Qing—ye'

(1.College of Resources and Environmental Engineering, Anhui University, Hefei 230601, China; 2.Institute of Agricultural Resources and
Environment, Jiangsu Academy of Agricultural Sciences, Key Laboratory of Agricultural Environment of the Lower Yangtze Plain, Ministry
of Agriculture, Nanjing 210014, China; 3.Jiangsu Academy of Forestry, Nanjing 211153, China)

Abstract: The inhibition of ammonia volatilization in paddy fields has great significance of improving nitrogen use efficiency, reducing en-
vironment pollution and protecting human health. Surface molecular film is an economic and environmental protection means to inhibit am-
monia volatilization in paddy fields, but the selection and action of suitable membrane materials are not clear. Therefore, Polylactic acid
(PLA), Zein and Span60 were selected as surface molecular film materials according to their solubility and film formation state. The addi-
tion ratios of PLA was 2, 4, 6, and 8 g-m~(based on dry matter,same as below ), Zein was 1, 2, 4, 8 g*m™ and Span 60 was 1,2, 4,6 g-m™.

The experiment was carried out in greenhouse to compare their control effects of ammonia volatilization and the main action pathways. The
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results showed that PLA, Zein and Span60 could reduce ammonia volatilization in the liquid—gas interface by 6.61%~18.10%, 6.71%~

21.78%, 4.32%~9.51%, respectively. The amount of nitrogen loss from ammonia volatilization also decreased significantly during one week

after the fertilization. PLA and Zein inhibited ammonia volatilization by reducing the concentrations of ammonium nitrogen and values of

pH in the surface water. Zein with 2 g-m™ and PLA with 8 g+ m™ showed better inhibiting effect on ammonia volatilization. Span60 mainly

reduce the ammonia volatilization by reducing the ammonium nitrogen concentration in the field water, but the excessive addition ratio in-

creased the ammonium nitrogen concentration, and the best addition ratio was 1 g+m™, which reduced the ammonia emission by 5.63%.

Therefore, this study indicated that Zein with 2 g-m™ additional ratio was a suitable molecular surface inhibition material for ammonia vola-

tilization. Further study will be needed in the paddy field.

Keywords : ammonia volatilization; paddy; molecular membrane; field water; gas—liquid interface
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Figure 1 AFM and SEM image of molecular film on different additive materials



1688

URIEIR el 53855 8

EAT RS T IR R THALE , 15 d 19 R e AN IR
NI E RE AR BLS I A R XT S AR 24 5 g
SR
1.3 HRmRESNUE
1.3.1 HHAZKESRRMRE 78 & HA% pH

A4 L 52 B 300 mL R 1173 1 BRI T 2019 4F
2 J1 26 H 171 R WA 35 51 Wi i A S A ) B
FRE A, AR AR 4> F IS 55 1.2.3.5,
7.9.11.13.15 H F4F8:00—10:00 #1774, 39 M FE
AR AR 1A o N B B R 3R T A A S8 L
FHE M IBUKFE 50 mL, KR 4 I A9 7K AE 38 1 0.45 pm
T LIE B A 7 30 308, U VR P e A 2 7 o Hh o 2% Skea-
lar ¥ 25230 81 0 BT ASCGHEA 700 52 o SR AR AR 199 [) B ol FH
P81 pH 3310 SET 2 B 4% X pH 1 B R4 T4 N
pH T FH TR 7K 5 BE I SR S8 B 25 B K
IR R B o WA 2R R R T AR

T 7 K (em®+d ™ )=AhD (1)
KA SR AR WS AL, em®s h W IAT N B &
B, em; D AR & RS E], d o
1.3.2 G LR 5 &

R WA R @ ALY, IWERERRAL
I B Jo SR (PVC) LA, 942K 10 em, 524 15 em,
BFEFE 1.5 em . HAR 11 om BYIEF45 1 5012 LB R H
T (50 mL AR +40 mL TN =, &£ 25 2 1000 mL) 7 ,
B RE T PR )ZE 2 em BURME A 1
TR A TV T, S R AR IR TR 43T Y
H IR SRR R R AR TR T . BORERT , H
VLRI I G 5 J5 43 A A A L [
5y — e MR 3 ol 1 T R K AR M
5 [n] 52 56 2 J5 40 512 A 500 mL 59 SR, A
200 mL 2 mol - L™ ) KC1E W, {3 4 58 4212 F Jovp,
F£25 °C . 180 remin”' FHEIRHRY 1 h, 234, >R g %
Skalar 3% £ Ui 2 43 BT A0 2 I8V HP 0 e A R
S e R B i A P A ke H Y A
AR AR

R R B (kg-hm?-d™")=MxA"'xD"'x10?  (2)

M=cXVxM, (3)
S MRy Sk I P VL A B Y R AR 1Y
S (NHI-N) , g5 A Il B iR H AL, em®; D 2
FRUGE AR AR B A] , d 5 e 2 KCHZ O H NHG-N &5
i, mol - L7 VR KCHR BUR AR, A B0 HL 0.2 Ls
MR 2B EE SR BT B 17 g-mol ™',
1.3.3 ARSI E

3 I AE S 58 IR T AN 2GS RS 2R T R AR 4
KRG M5 5 4 i) 26 A H 48 vy ] 58 56
2 FREL6 ¢ 1 3853 51l A 100 mL () 8RR 1, Jin
A 50 mL 2 mol - L™ #) KCIIE W AT, £ 25 C .
180 remin” FIEIEYR | h, 1 3E , % fof 2= Skalar 1%
SEUR BN 3 AT SIS B8 1 B S R R AR R
1.3.4 7K 45375 4 OB I

L 7K 4325 S U BH A I 2 DA R AE AN [) S A ek
il K 4y 78 & B RE T, E HTE K B S em Ab i E—
A [R) 5 it S AL R (A UE I, AR R 10 em, ISR
LR 3 mm, AT K VRGE T . LAt — s B[R] A BRI
Hfi . ZZE )BT ARX N

r=A(W-Wo) (t-mi'=t-mo™) (4)
A K ZEAGE S BT AR, em?s W Wo 43 3l A 7K THT
FTER T b 7K 28 SOV BV BE 5 memo 23 31 R A REE AN
TCIEEIE TR WK 5 g5 ¢ Al s B (A] b
1.3.5 e

B B = 09 = IR i E 7 Elitech RC—4 YR
FEIESRAGHEA TIE SR
1.4 iR IE

X i Microsoft Excel 2015 #4447 808 1138 A1
28], SPSS 24.0 B T 4e 1t 43 A, LSD YAk 56 25 57
T

2 HRESW

2.1 AEIF IR L 63 S IE & 1R R B 12 R

AN TRV I Rk B Lo 461 ) 2445 % H 38 it 34 AL Je
I (7] 7 111 32 a0 (181 2) o PLA 203 22 80430 ke
BIFENE 5 7 d 924 45 & H 38 5 AL T X5 B (BR PLA2
AN T T~15 d B D) T X B R B R R AT S
T ARG 3 d A% & H s i, 5 0 B T —
TR F AL RO . Span60 B RHAS INAEAE )5 5 d LA
Ja A SRR 2 B 2 R R I ROR | H 2 B A
HHAEE.

AN RIS I L B E )T 1 24 A AR BB
3 FNE 4 fros o e fE— R N S S 15 d N R 2
FER R E R — B, B S Ib R 2 Lo g4 il 22 4%
KIBOR FEE P TN, 15 dil5 5 A PLA
FE KRB UM R B I RE A 1K 1.04%~12.46% )2
R BRR , H R KE M 2 BB REAIL 12.46% 1Y 24
R I R SCR . FREOME
VN TOIT A5 P4 358 T 52 SR ) 2050 SR S 348 5 O 553 1
Ifif Span60 Fl1 PLA 4 BH AL, AN [R]5 b 451 % 2044 &



EA LRI T MR L 2 OO S L i 72 1689
24r

; - PLAL o ¥ ~A~ Span60-1
= 221 -0 PLA2 22 s 2ot -0+ Span60-2
0 —¥- PLA3 @ @ —¥- Span60-3
E o> PLA4 E 20 £ 201 ~— Span60-4
P s g -0~ CK
Iy i ic;
" = == 16 = =
m § m S 14 m §
® 5 ® 5 ® g
¥ = ¥:= 12 W=
T3 % 3 w3
E ER E
< < <
E E 6 g
< < <
) 4 P R S T S ST S| )
17 1 3 5 7 9 11 13 15 17 17

t/d
2 RAEGFEmMFHEILGINSIELBBE

Figure 2 Ammonia volatilization {lux with different added materials and ratios
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Figure 8 Correlation between the ammonium nitrogen concentration in the surface water and the daily flux of
ammonia volatilization in different pH groups
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Figure 9 Correlation between pH and ammonia volatilization flux under different ammonium water groups in different fields
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Figure 11 Soil mineral nitrogen content of different added materials and ratios
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