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Effects of Acidified Zeolite on Urea Nitrogen Leaching and
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Abstract: This study aims to investigate the effects of acidified zeolite (SF) on nitrogen leaching and nitrogen
use efficiency of grain under the condition of urea reduction. The adsorption properties of acidified zeolite for
NH,"—N and NO; —N, and the effects of acidified zeolite on nitrogen leaching and nitrogen utilization
under different nitrogen application gradients were studied by isothermal adsorption test, soil column
leaching, and maize pot experiment. Three nitrogen reduction gradients were set up, i.e., farmers’
conventional fertilization (CN), nitrogen reduction by 15% (CN1), nitrogen reduction by 30% (CN2), and
0.2% acidified zeolite was added to the three nitrogen reduction gradients (CN+SF, CN1+SF, and CN2-+
SF), respectively. The results showed that the maximum adsorption capacities of NH, "—N and NO; —N
by acidified zeolite were 25.44 mg/g and 31.59 mg/g, respectively. The adsorption process could be well
fitted by Langmuir model. When nitrogen was reduced by 15% and 30%, the cumulative leaching loss of
NH, " —N with acidified zeolite was 7.10% and 8.76% lower than that of CN1 and CN2, respectively.
Acidified zeolite could effectively adsorb NO;  —N only when nitrogen was reduced by 30%. The cumulative
leaching loss of NO; ™ —N was 15.90% lower than that of CN2. The acidified zeolite could effectively improve
soil nitrogen content and nitrogen use efficiency of maize grain. Compared with urea application (CN, CN1,
and CN2), adding acidified zeolite (CN+SF, CN1-+SF, CN2+SF) increased nitrogen use efficiency of grain
by 10.37%, 20.79%, and 47.14 %, respectively. Under the condition of reducing the use of urea, acidified

zeolite can effectively reduce soil nitrogen leaching, improve nitrogen use efficiency of maize, and has
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potential agronomic value.

Keywords: acidified zeolite; isothermal adsorption; NH, " —N leaching; NO; leaching; nitrogen use efficiency
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W FEE NH, " —N 23tk i, N1+ SF.CN2 +
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SR EFEE T HMA LI (P <<0.05), % CN AbH +
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CN1-+ SF. CN2 + SF) £ & ¥ Jn i 7= & 4 5] $2 &
8.45% (CN),8.16 % (CN1),4.60% (CN2), H CN+
SF.CN1-+SF.CN2+SF # CN,CN1,CN2 &b Bkfki
R F o 5 #E 55 10.37%,20.79% . 47.14 %+ il

NH,"—N 0.326 1477  0.938 46,191 0,002  0.973 B VR I Ak b 77 1T 3 15 6 KRR U ) o, B —
NO; —N 0548 1566  0.944 54,378  0.003  0.980 EA LN
F3 BEUBEAN NH,T—NM NO,”—N Rit kBRI Hf7:mg
iH yugl s 2 d w8 d R 14 d W 20 d i 26 d W 32 d
CN 115.45+3.12a 210.7344.60a 282.414£20.60a  330.05428.26ab  362.924+33.71ab  384.30+36.71a
CN1 105.90£4.16b 197.0343.29b 256.66=11.11abc ~ 315.45215.28ab  345.93420.36ab  355.204:19.92ab
N CN2 110.58+0.46ab 194.21+8.30b 245.91£17.35bc  287.05427.75bc  310.764+31.27hc  327.314:32.75ab
N CN+SF 107.35+4.01b 199.38+6.55ab  275.13%13.03ab  334.66+4.70a 369.13%9.60a 384.28+8.94a
CNI14SF 110.85+1.11ab 198.2149.21ab  259.89F21.46abc  307.00%26.84abc  324.434:30.93abe  329.994:30.51ab
CN2+SF 106.1441.52b 180.7547.18¢ 228.51416.96c  267.444-30.82c 288.58£37.03¢ 298.65438.09b
CN 17.1840.89a 49.8248.55a 103.8749.08a 125.0249.11a 140.024+11.11a 156.03%10.57a
CN1 12.2041.79ab 25.1243.44b 62.05+4.61b 89.4647.64b 119.77+9.76ab 144,46 £14.09a
CN2 4.0340.10¢ 15.1242.11b 56.15%2.72b 87.382.29b 107.6444.69hc 127.07£12.29ab
N0 N CN+SF 6.32+1.28¢ 21.8840.96b 50.8247.00bc 102.47+6.06b 135.67+5.81a 158.0147.27a
CN1+SF 8.164.41hc 23.5643.86b 54.3149.66bc 96.68413.26b 123.99+25.81ab 142.16+£34.22a
CN2+-SF 6.064.80c 13.20411.30b 35.42419.51c 70.36£10.61h 90.31+17.57¢ 106.87+18.92h

T« R BUAS R 7 B R 5 b B ) 25 5 B 35 (P <<0.05) . Al

x4 BUBEXNLT—NHMNO, " —NEFENFHNFEAZTREUERFRRIEF HEHZN
i NH, " —N & & NO;”—N & s v HRARRER/ L A
(mg+ kg ) (mg -+ kg ") (kg * hm %) (kg * hm %) FIH /%
CK 0.92=+0.12d 10.3940.25d 1780.65+110.39¢ 10.27+1.10¢
CN 5.97+£1.02b 19.26£0.27ab 3012.39478.76b 72.3248.56ab 25.8543.57a
CN1 3.73+0.47c 18.2040.57bc 2780.56+7.45bc 59.9248.47bc 24.3444.15a
CN2 2.9140.71c 17.20£0.72c 2461.684-206.95d 35.4242.80d 14.9741.66b
CN-+SF 8.45+0.48a 20.49+1.92a 3266.87+47.89a 78.75+15.21a 28.53+6.36a
CNI1-+SF 6.23+1.56b 18.72+1.01abc 3007.324189.94b 70.25+3.15ab 29.4041.54a
CN2+SF 5.49+1.31b 17.54741.30bc 2574.954129.20cd 47.2745.85¢cd 22.0243.48a
3 Wit 53 )2 W R IR S o A AR o 156 BH R Ak s A %

3.1 FEEfL#EAI NH,T—N 1 NO, - —N IR Bt 14 8
AWFSE B AL ¥ A %) NH, " —N #l NO, —N 1
SR B Freundlich B8 L& 280 n IR TF 1, LW
FRAL A7 % NH, " —N A NO; ~ —N AWz i 748 R4
SR . X0 B TR A A A LA K LR B 3 m LA
S ALTE R T SR T A B R BB 1 S i b )
NH, " #7528, ARBFFEH Langmuir #5555 8

NO;~ —N B0 B 2 7 ] BsF 7 75 49 30 BEE R Ak 27 g
BEFET L R p T R Ak A LA R K b 2 AR
LR RN T IS A 3 P R R L DT 4 e
Xof B 1 10 W B i . TR S A E A0 2 B L A R
PR R R A el AR A T R M OE F P R R X
P 5 14 W B 4 A DA T A R AS BF 9T v R A Wk A1 %
NO, N 1y f i B82S Ty AT 1 A



%23

FLARET 25 - A Wl 7 6k I 28 8K 2 AR KRR 3R M) A 52 307

3.2 Ei#EAI 4 NH,T—N # NO;~ —N i# 8

EEN IR

+HERF R KL NO, —N 5 L EilkEk, 1
YO NH, " —N, X & HF NH, " —N S8 g 9 5
W8 0 S8 AR R B L T NO5 — — N DA 4 1A
{5 A A O (E o N S S w3 = 1= NN
NH, " NFE, XEHTHESKERS, %L
B3 SN RE BGR S5 5 i AR VR s Y R &R
K i TR R A B 00 42488 NH, - — N 2 bk 2k 2 88
TR S ST T R el A A B K SRk ]
WAL L NH, —N fl NO, —N Ay ik %k &
ABIFFE b, U it 2R T G TR A W A R A AR I B -
NH, "N, HLFif i 0 5 B AR 0 B B 2% (H A FE DA
30 Y I BEA W M NO, ~ —N, 3 J2 iy F 2 1k 45 %F
NH, " —N Fl NO;  —N [ W Bff 54 78 — 5 B2 8 -
SRR NH, "—N 1 NO,  —N B#IIh W A 5%,
e NH, " N YR E N, Y e fish KL
A H TR AW A % NH, ©—N Ay Mg 2
33 BUBAXNEZKLE NLT—N # NO,”—N

SEREXRTIEH BEHNFIG

ARSI ZE S R Ak Wk A T 3G 88 NH, TN
Frar, XOEH TR A X £ NH, TN B I B
R 32 o 2 32 LR B PH B 38 40 fig ) r s i), FLAH DG B
8 W N i B R0 AT G S i 4 4 BH B T 5 e
i, B R R3S NH, © — N (W BB A2 68 1, IR B i
ARl AT X NH, " —N A W B0 T R AR 3R R 1Y
fiti Al 2R, AT S 3 3 NO,  — N S|, A
SE IS IR A b A7 b 2 B K 7 FURF R EUIE A
FH R A B 2T BT it AT 2% 10 T dS e Ak ik /1, oK
PR 6.31 %6 s AE AU 15 0 BF S IR bk Ay . K
K 5 A R ) B AT 7 i 25 N L UL —
Yo 2R T Bl P9 S R Ak s A T AR DR R K L X 2
TR AL A X NH, - —N B0z pE 3K+ 3R R B A
[ AT A2E K S 26, 458 v L A SR, H CN -+
SF.CN1+SF.CN2+SF % CN,CN1,CN2 ##Hi & At
I 45 342 7 10.37%,20.79% ,47.14 % , Ui B 7F
FNEIE 2 F T o W IR Ak s A 3 3 412 v F s U BE )
R 20 G2 U3 ™ o DTG U0 1 R, [R) A A 5
R AT A R] G 4R I R K M R IR IR
TR RS A IS W A N, AT AR E B oK A F
XK MR R TR . P, IR A6 3 A3 AT 1 A ik
A HER, A —E MR EME.
4 5w

(DA A X NH, " —N 1 NO, ~ —N Ay W [t
It AT Langmuir 5270 &8 47 i 480G S0 A K % Fff

58 25.44,31.59 me/g.

(2) WA 157 F 30 %0 I, R Ak W A1 7T A7 R0 AR
NH, " —N Bk B b 41 (CN1+ SFLCN2 +
SF) NH, " —N 23 itk 2% 52 B A ¥ i 23 ) 6 A
7.10% (CN1),8.76 % (CN2) . ALFEW A 30 %6 B ¥
WAk £1 BE AT AW B NO;~ —N, CN2+ SF # CN2
KEFENO;  —N Rk R SRR 15,900,

(IR AL A 7] 1 25 3 v b AR A BRI E
KOFFRE 2R AT 3 U R Ak ¥ A1 Ak B (CN + SF,
CN1+SF.CN2 + SF) i k7 i 20 AL A FH 2% 53531 $2 155
10.37% (CN),20.79 % (CN1),47.14 %6 (CN2) ,

B 30K
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