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Effect of fulvic acid—modified bentonite on nitrogen leaching and nitrogen use efficiency

KONG Bai-shu', JTAO Shu-ying"", LI Yong—qiang', SHEN Yu-wen®, LI Ye', ZHANG Zi—xu', FU Chun—yu'

(1.College of Resources and Environment, Shandong Agricultural University, Tai’an 271018, China; 2.Institute of Agricultural Resources
and Environment, Shandong Academy of Agricultural Sciences, Ji’nan 250100, China)

Abstract: This study aims to investigate the effects of fulvic acid-modified bentonite on nitrogen leaching in brown soil and urea—nitrogen
utilization under three nitrogen levels. The adsorption properties of fulvic acid—modified bentonite for NHi=N and NO;—=N were studied by
conducting isothermal adsorption test. Soil column leaching test and maize pot experiment were conducted to determine the effects of
applying fulvic acid-modified bentonite on nitrogen leaching and nitrogen utilization under different nitrogen application gradients. Herein,
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% fulvic acid-modified bentonite was added to the three nitrogen reduction gradients (XCN, XCN1,
XCN2), respectively. The results showed that the adsorption process of NH;~N and NO;-N by fulvic acid-modified bentonite can be well
fitted by Langmuir model, with maximum adsorption capacity of 27.28 and 43.37 mg-g™', respectively. Compared with CN treatment, NH;—N
leaching loss of XCN treatment decreased by 13.5%, whereas NO3=N leaching amount of XCN, XCN1, and XCN2 treatments decreased by
38.13%, 18.56%, and 35.75%, respectively. The fulvic acid-modified bentonite could significantly increase nitrogen retention in soil and
nitrogen use efficiency of the maize grain. Compared with the treatment of CN, CN1, and CN2, the nitrogen use efficiency of XCN, XCN1,
and XCN2 increased by 7.94%, 10.07%, and 79.17%, respectively. Fulvic acid-modified bentonite can effectively reduce soil nitrogen
leaching and improve crop nitrogen use efficiency under nitrogen reduction, which has a potential agronomic value.

Keywords: fulvic acid modified bentonite; isothermal adsorption; NHi=N leaching; NO3;=N leaching; nitrogen use efficiency
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1 MEEFE

1.1 R 3a 44

PER - T, T 2018 4F 9 J1 RET A%
T 28 11 KB A 0~20 em B2 198 57 6 1 FEH
5 SR 2 AR 2R, KT )5 4 2 mm 0 45 A . itk
TEERATAE R L L, IRERIRE (AN
46%) . T 1F B R 5 (& P,0s 44%) (BIR S (& K0
50%) i 4 IE RAS TARE A e A BR A w4 it . %%
Vi T A i ) - e i) = RN R B R AE IR TR A
FUNE , B U UE 2 pHAE S TP M A5, i 1L AR ARt
B AR
1.2 K E

W 2 B R PV C AR B2, 42 10 em
155 100 cm, JIEFPEE 2 cm JB CRiAE A 1~2 mm A Jqb,
BIRA —JZ 200 B JE B M ki i 2= 4
P K A I
1.3 R
1.3.1 W B 45T i g

FREX 0.25 ¢ ¥ J85 1R ol 14 B 1 £ F 50 mL 8250
o, 2 B 30 mLL ¥ R 20.40.60.80, 100,200,
400,600,800 1 000 mg- L™ A fii§ /iR A1 58 S84k 4% 75 K
T X6 0 T BRI B A 25 °C 3 BV pHL Ky
7R AR AR AN B R R TV U pH & b Ak
MIRELE . HELEET 25 CHEENRG &
200 r-min"'$%3% 24 h 5L 8, 435000 22 P8 H NHG-N
B NOT=N &, #4520 (1) 3153 B o7 Jo 2 o g R i vk
i 11 + %) NH;-N 58 NO3-N i W% it & g, 7 LA €. «
B, q. R y Bl Freundlich 5 Y Al Langmuir 15 59 £ 17
PLAL,

g.=(Co = C.)Vim o
Freundlich B %Y . g. = k:Cl" 2)
Langmuit B 1 g. = bC.Qu/(1+6C.) (3)

Ao g ACFR AL i R R M R 6 NHE-N 5§
NO:-N (W Bt i, mg - L5 Co ARG ¥ W NHI-N 5%
NO;-N (R UG R, mg - L5 C AW B 1 17 o Vi AH
o NHi-N 8 NO;-N (¥R B, mg - L5 VAR R W B 1

R D EEARE AR

Table 1 Basic physical and chemical properties of soil

e o L A i now A L
pH  Electroconductibility/ Bulk density/ ~ Organic carbon/  Total nitrogen/ ( 4]{ ) Sk 1) Available phosphorus/ Available potassium/
mg* mg*
(pSeem™) (geem™) (g-kg™) (g-kg™) g8 gre (mg-kg™) (mg-kg™)
7.29 707.25 1.12 12.50 1.09 2.16 13.32 26.64 50.81
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VSRR, Ly m AR B R OME R - S I i, g5 ke
F1 43 HIR 3R Freundlich A A (1 2256 280, Hdp n {E
TR 2 O 1 B AT 5 & Ay W P B8, Lo g AR B
K B 1k RE AR LT 5 Qu M B AF2 e KW Bt mg - 7'
1.3.2 Rk IR

I F 201943 H 15 H—4 A 18 HE I AL
K2 A N v ORI R T AR S G N AT, = TR
N 15~25 °C iR 3L 6 AN AbFE, 3 Yk EE A, W) it
N R 0.29%, W2 iR KT 15300 ¢
55 I N B R R ek ME R+ R A R R T
A I w60 em BUREHL 14T, IR0 B R AL
G0 3 RS WG I 2R, BEIE AR E O 1.12
geem” o SR AL I 0 PO A ok R VR, A T
1 200 mL 7K - e K 43 Hz i i A, S0 FACE 1 do
TR I 400 mL K, CEE 24 hilkiA T F ki
HASCEAAEE AT, ARZER 6 dJaFRITR , Ik
it S AR BE RN 2 60% F2 47, HEATEE N, A
YOS L AR [R] , 7E RS 975 2 .8 114,20 .26 d F132 d iff
TTHESE 6 YOS, I iC S il it .
1.3.3 FoKAk AT

R F 201946 7 20 H—10 H 5 HAEI A4
K2F A X AT, R 3 i 6 N b, 3 R
2 ERIER 2 FTR . B 10 ke L IFRIE 3 R K,
W o 500t 2 A R 114 0.2% , 8 S 309 R 7 Al
PR — R BB . B R R iR &
KA KT T dPEAT VRAEAK, R FR 5T vk 4 4l
e K F Lk H R HE K & 19 709 B
B AR B R ER R T R RO R R R
SRR e S S TR A B S

KR (ge 2871 =Tk $hox A R T i () 100

FrR A R R (g 2 =APR ™ i (g 4
B A (%)

FERLRNEFI T 2 (% ) =[ )it B4 FRFF R A R R
(g ) - AR FAF R R R R (g 40D 50
Ao (g )x100%
1.4 MEMESAZ*

FEAR K T FOR AR R IR U, 1
1 NHi-N \NO3=N ¥ B£ 73 51 2% T 1 mol - L™ 1Y &AL I
IR 3 LA S AA3 TSRSl I A I S0 o o oKk RL
A AR TR IR -1 A A S0 & 1 0 B A
FE o KRR NHi-N (NOs-N ¥R EFER B J5 oR T AA3
RUR SRS AU 2 . NHi-N \NO:-N 2|k i &
KA RFR AT AR, SR SR A3k LR A S A U
W57 T i 5 IR O Y SRR
1.5 #ES

B R F Excel 2016 Fl Origin 2018 #E17 K 2
il , % F SPSS 23 gk 4T B[R & 7 2 0 it (Orle—way
ANOVA) F1LSD i 2 P45 55 (2=0.05)

BRESH
2.1 BHIEBEER

HEJE TR PR I - % NHE=N FTNOT=N A W [
PR NHE-N HTNOS-N ¥ B 0 3 i 36 im (B 1) .
4% -7, WAH NHE-N #& B 3% 600 mg - L7 B, #5J65
P RO 0 - 3k B GBS S R 27.28 mg- g
AR NOT-N He B ik 640 mg- L7 I, B 18 R e g )
X6 NOT—N (14 W B 2t AN P S 2 1 o, 458 BH e B (43.37
mg - g ) I B LR AR . AR R R e R
X NHG-N F1TNO:—N (14 W B 45 I A 7 250 (32 3) ]
I, Langmuir B 750 B8 A5 g-3th 4 A8 o508 R 5Ok 2 i £ 1
PAEATH . HEHE Langmuir 15 50 AT 1, B 6 2 olc vk
R X NOS=N 1) W B i g 05537 2 B O A o
¥I58 T NH;-N, 3 4 b H 0.002 7>0.002 5, Q. &

2
8 £ XF NH;-N F1 NO;-N & IR Bt 2

®2 THEKBRE S ERZRLE

Table 2 Leaching experiment and treatment of potted maize

i Ab P N-P,05-K,0/ W 50 2 74 A I R B A W 50 P i
Code Treatments (kg-hm™) Adsorbent type Amount of adsorbent/g Amount of adsorbent/g
CK ANt 0-120-90 v — 0
CN 4 i A B A o 240-120-90 v 0 0
CN1 FEH = 15% 204-120-90 T 0 0
CN2 RUIE R 30% 168-120-90 T 0 0
XCN > At A 5 Tt 1 590 240-120-90 BRSO 1 10.6 20
XCNI1 SRUEBR E: 159% et it 1 551 204-120-90 TR kR 10.6 20
XCN2 SRUIBIR 5 309% T it W2 [ 301 168-120-90 TR Sk R 10.6 20
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74.333 mg- g’]>45.194 mg* g’] . H Langmuir I A
HH P B3 2 B R B 350 v T SIS AR I o i, 15
B 8 T8 R o 1 97 - % NHG =N T NOS—N Fé 05 i 3 722

AT )2 W B
2.2 EERYUMERE X NH,-NFINO;-N Eititksk
=g:0p-A |

TEAR RSB , 45 ) NH;-N 23k k&
FIZR BN CN > XCN (& 2) , XCN 4bBENH;-N 231k
ST CN A P AR 13.5% . I8 &L 15% I, NHi-N 2
TR 5 XCNI>CNT L {H 22 55 A48 8 35 (P>0.05) o I
A 30% B, NHi-N 2RIk 2 CN2>XCN2, i B 8

35 (a)NHi-N
30
25+
20

NH:-N W fff -+

NH:-N adsorption capacity/(mg-g™)
o

0 1 1 1 1 1 1 1 )
0 100 200 300 400 500 600 700 800
IR 96 - i s] YA NHE=N & B2 NHi-N content/(mg- L")

O SZIME Actual value  ----- Freundlich ##48] & Freundlich model fitting

i TR 0P R = AT LA 0 B NHG =N ik 2
NHi-N BRI . Qi 3 Fross , v it s o el v i) £
A g 2 AR NOS—N bk 2% &, 76 A [R) it 220K SF 4% 14
F,XCN.XCN1.XCN2 43 NOs-N 21k 4 # 45 CN
CN1.,CN2 4b F 43 5] B A% 38.13% . 19.58% . 6.65% , it
HH B 8 T A B 10 - AR T it 20 R 36 NOs-N A7
R I B BE T o
2.3 WIRTE NO-N4FE Bt &I

X4 b FE IR NOS-N Bk g it () Bl %
B 1R () B 254K, 53 5 A y=ax+b . y=alnx+b  y=ax’ . y=
ae” T REHEAT A 200 (6 4) . B IUE I RP L 3

507 (h)NO;-N
40
30+

20

NO3-N W

NO3-N adsorption capacity/(mg-g™)

0 1 1 1 1 1 1 )
0 100 200 300 400 500 600 700
I 8 S-S YA AH NO3—N ¥ JE NO3-N content/(mg-L™)

Langmuir B85 Langmuir model fitting

B 1 EEER R £33 NHI-N 1 NOS-N By IR i iR 2
Figure 1 Adsorption isotherm of NHi=N and NO;=N on bentonite modified by fulvic acid

R3 HEEENMERE X NH-NF1NO:-N MR & B8 B S8

Table 3 Constants of Langmuir and Freundlich models for NHi=N and NO;=N adsorption on fulvic acid— modified bentonite

ST A AR NHi-N NO:-N
Isothermal adsorption model & ZH Fitting constants R &S Fitting constants R
Freundlich %1 Ki=0.487 n=1.595 0.933 K=0.766 n=1.551 0.953
Langmuir %) (.=45.194 mg-g"' b=0.002 5 0.973 0.=74.333 mg-g’" =0.002 7 0.982
o0
Z 400 £ 2007 =N
RN S BN
KEZ X7 1sof 3 XN
-%E 200 3 XCN1
ol B 2
Z w250 7 £ 100f
o E Sz
Z £ 200 =3
= = B L
b ez
% ;g 150 é;é
~ s
E 1 1 1 1 ) =
100 1 1 1 1
S 2 8 14 20 26 32 o 073 8 14 20 26 32

I KL Leaching days/d

B2 EHEERMERE X NH-N 2tk S
Figure 2 Effect of fulvic acid—-modified bentonite on NH;=N

cumulative leaching loss

WA FEL Leaching days/d

B3 B=ERe R E X NOs-N Ritik R 2/ R0
Figure 3 Effect of fulvic acid—modified bentonite on NO3—-N

cumulative leaching loss
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B 35K T (P<0.01) , M A 4b 2 NOT-N B2 1l % .

RSB TRISMTEHEA . SE5f LR yma+h XPAS A N N
L AR, s o 7 R IRALTINO-N i 2 CR
IR R A () BE IR I 1] (o) 9722 AL 3838 b o AN [l b < 15t

I NO-N FIHI G STk it . 44030 b (R /N BN ER -
CN>CN2>XCN1>XCN>CN1>XCN2, 13 B 78 i %% Jig 1% jﬁ ’_H b S Y
SOPERZE AT AR T NOS-N IR Ltk R . #54b 3 G S ”P i de |+ "} ’-P
aff R/INEIN CN1>CN>XCNI>XCN>XCN2>CN2, i ol |+ [

A I BRSO IR T A - 8 NN 3 e B
R, T NOs—N IR AR 3803 A e R 100 I o A P e P il L R IR BT A A T2 [ 0.05 KT |- 25 5 i %

S B B B R P X - 3 NOS=N W% FRHRE 17 , 4B K Different letters indicate a significant difference in the level of

P<0.05 between the treatments

158 — 1B Sl Ve — QIR 2
+HENO; NE’JBﬂXiH‘_‘“EﬂJJ\Wﬁ/ﬂ*/ NO-N R _ E4 HEEBYMRE 3t 18 NH-NFINO-N S 282
24 EEBRYEEELTTENH-NFINO-NEE Figure 4 Effects of fulvic acid—modified bentonite on soil NHi~N

RAHEKFAF ARG and NO=N contents
VTIN5 TR A i v = AT i R v 3 NHE-N
FINO;-N &5 (| 4), H b XCN 4b FH 4 #52 NH;-N R5 BEEBEERE LI EXRFNTE RERKER
N . o =t RN Al
- A~ EL En =) N El

HINOS=N 35 5 5 ﬂ:;ﬁ‘:,ﬂﬁfjl\ HH B ON AR R Table 5 Effects of fulvic acid—modified bentonite on grain yield,

NH:-N 1 NO3-N 7% & 43 5l $& & 73.75% M1 7.6%. 1~ nitrogen uptake and nitrogen use efficiency

o [

EHIEE& N ESE 2 (£5), Hd XCN. e PR MRAREWICE  FPREUIER %

XCN1.XCN2 ﬁ}ﬂg& CN.CN1.CN2 ﬁ}ﬂfz ﬁ ﬁ%lj f/—% Trealménts Yield/ Nitrogen uptake of grain/ Nitrogen use

e N . . pot™ +pot™ efficiency of grain/%

75 8.44% 8.16% 4.6% . VNIHEIE ARV W + T4 o) tepo ) ol

. N &E % * *'44: HE }FIJ JEH $ XCN CK 33.2+2.06e 0.20+0.01d

e R JRL A MR M AL + > CN  56.17+1.47b 1.50+0.17ab 26.07+3 4ab

XCN1,XCN2 &b B % CN ., CN1, CN2 Ab B ks 7 28 ) CN1  51.85+0.14be 1.2420.17h 24.42:£4.08ab

FHE 3R 5 7.94% . 10.07% . 79.17%. i B 5% JE iR CN2  45.9+3.86d 0.5820.11c 10.85+3.08¢

O S - AT DAY D b R kA, HL B e R XCN  60.91+0.89 1.61£0.25a 28.14+4.86a

{Ei , *}*jﬁﬂlﬂ?ﬁﬂﬁ%ﬁ%iﬁﬂ , Eﬁ(ﬁqf; E/‘qugmﬁo XCNI1 56.08+3.54b 1.34+0.11ab 26.88+2.51ab
XCN2  48.01+2.41cd 0.88+0.17¢ 19.44+4.96b

A \A
3 g i AR 5 B R A A2 [ 0.05 K F- 22 5 8.3

Note: Different letters in the same column indicate a significant

3.1 EFS%ESC'[‘EHEZ;’I‘!'J:I:W NH:-N %EI NO;-N H"] WMTH:_‘E‘E difference in the level of P<0.05 between the treatments.
A5 v R A Mk B - X5 NHi-N I NO3-N
F 45 1R W B E Freundlich B LA S5 n KT 1, PR Ty T o X T L RS R 2 R
15 B B PR oA i 1 A X6 NHG—N A NO3—N (1) % 2k KAt A F T A4 i 25 110, 2 8 S i ke v I i I -
R4 RAELIEMFENO-NRITHEE(y) SiE () IS TR

Table 4 Fitting equations of NO;-N cumulative leaching loss(y) and time(x) in different treatments

Qb3 y=ax+b y=alnx+b y=ax’ v = ae"
Treatments a b R’ a b R’ a b R’ a b R’

CN 4.70 18.84 0.927%%* 51.49 -31.19 0.92%%* 9.78 0.83 0.97%* 24.66 0.07 0.80%%*
XCN 3.42 -13.39 0.95%%* 32.93 -38.25 0.73%%* 0.85 1.34 0.92%%* 3.08 0.12 0.927%%*
CN1 5.48 -14.02 0.97%%* 54.17 -57.42 0.79%%* 2.32 1.22 0.98%%* 8.15 0.11 0.90%%*
XCN1 4.40 -8.57 0.97%%* 44.74 -46.58 0.83%* 1.44 1.32 0.97%* 5.91 0.11 0.86%*
CN2 3.30 12.18 0.88%*%* 35.87 -22.15 0.86%* 7.24 0.82 0.96%* 17.30 0.07 0.827%%*
XCN2 3.41 -14.14 0.95%%* 32.25 37.50 0.70%* 1.05 1.26 0.91%* 3.46 0.12 0.95%%*

L #EIR P<0.01,
Note : **means P<0.01.



2376

VRIEIN iy F3965 108

HH LG R AR I 10 2 [B] 1 A5 2038 0, IR 45 5 2 107k
T ACH Aar A I BH B 22 ) A S ), i A5 g
i 8 B2 10 6 NHEG - N B R g 38 K F K 4R 2 i
2 PRI I - ELAE R B H e T RURN 448 i 1 S T
LA |, HA R R e — MR K+, AR
SER 1147 I FFF A8 1", 3o {9 I8 i A0k B = X6 NOS—-N
HAG R W B RE 7o A5 Hh o8 8 R PR B e
Langmuir $ 1 b 38 803 )52 0% B 422 K T S BRAfL AR
W2 oA, 156 B 00 b %k NOS=IN F8 W52 o6 3 R [+] I A7 A
Py P S R b R BT P B X NOS-N
27 W P i 5 2 T B 5 45U g T A % DDA
SV BK S0 I SR I 5T e B R R P I 1 i
FEIAEE R ARNZ U L3I0 T RS % A HRE A,
W25 4 i X NOS—N A W B P BB, 3 5 A WF 5 25
WA
3.2 EEERMUMERE £ X4 £ 4 NHI-N 0 NO;-N itk id
BN b=

TP AEEE AR R ZEA, L NHI-N 5
ke A I AR B R A R T, NOS—-N HE LA +
AR T, iZ BB BE J7 3R, BT LA NOS-N i 55 5 & E
WA O, AR JE NOZ—N Fl NHG-N ™1, (H7E A 5%
o, R RS DA NHE-N O 3 3 T R3Sk
RIS, BB SOR RIE BGA R 55 i AL VE
P55 14, HLPR Z K Sk [R) A A 0 - 498 NHE-N R 3l
JARIEIN . Shen SFPIBIFFE B, S IR I 1 A8 L
KR g ] i 2 B AT - 18 NHE-N T NOs-N itk 2k
o ARBIFIE Y USRS R A B - A R Rk
JEF 4 7] AR NHi-N \NO3;-N 2tk 2 & F1 NOs-N
Ik B 2, U B T R AP R b e R K 1 g
NO:-N [ B8 A7 B (] DI 96 2 NOS—N A 3k, [] e
XCN Zb 38 NO;-N ik 2k UL T XCN AR, X 2 i T
M gz % NHG=N FTNOS=N Y W 350 R A — 2
B b 5K v NH;-N F NOs-N B bh ik i A3 56, 78
VIRV BT, NH-N FI NOs-N (%9 5 1% 4 50 71
K, B I B R 2 B 4 6 NHG=N F1NO5-N
A 21,
3.3 EEERBUME R E £ X4 2 3k 3 NHI-N F#NO;-N
SEREXRTEFAXENZEN

ARG H USSR A I Y T B+
BE NHI-NFINO;-N & X J& i TWR B 5% NHI-N
A 2 o DA A R o6 oAy 2441, R 86 500 %65 - 398 NHE-N A
BAF B = a7 AR By PH 128 3 B8 7 15 ) A 56
ffF 5 2 W 28 el Ve s A i) = T 2 488 in HL P i 48

e, DA H2 v HEXT - 49 NHE-N A9 B A7 RE S11o, [+H]
IS T T A e 90 - X6 NTHG =N 8% B 0[] 52 A T
IR RIS AE R, R B NO-N &=,
1M RS T 58 NOS-N bk 2 KUBS™ . AH G WF 98 26
B2 o R e M B i) - AN H IR R A
AW B 1 3, [ e ] dd 2 i /N2 X R A IR A A%
TF 5 0 05 5 R e P B T - S R T ROk RE
7R AR RIS A 2, FE A I ) B M Bt A (CND 4%
A N 0 R el PR I £ (XCN) |, oK ™= /e
8.44% , R I 1 15% I s I ¥ J w2 ol 1 g i -
(XCN1) &b B Y oK 7= ] 3k 31 4 R 20 4500k it e
(CN) B8 77 5, 19 B A — 2 i 2803 6T PN 925 o 4 g T
U I 10 - AT Gl R KR, L it R PR AR R
FNER FH 24 R AR B il 2 | 02l A RUIE e i 4%
PETR AN 08 R A P R v - T o K - R R B
AERFA], AR - 3RS, DT AN 22 1) IR
P, JEA RO AL, 2 e HEAL R 360, R A6 g tof
FE RN AR IR A 1 30T 2 i R
BRI LI R R IR R KU, 76 UL 25 F T, AT AR
FRAEFX AR MARNTE R HL, e E R
O R AT RO R A BT iR AR, A TR
P ZME

4 i

(1) % 3 R i v B i+ % + 3% NHE-N F1 NO3-N
P4 R o 2o A T Langmuir*ﬁﬂﬁﬂiﬁ%u% S SN 5 R
W B 4391 oA 27.28 mg g ' F143.37 mg-g ',

(2) & J85 B i vk B 3 4 R A Rk 2 NHG-N Al
NO;-N Ak 5%, 5 CN AL FEAH b 45, XCN 4b BE NH{-N
ZH SR A 13.5%; XCN XCN 1, XCN2 4b 3 NOs-N
ik 2k i % CNL CN1, CN2 4 51 [% Ik 38.13% .
18.56% F135.75%.,

(3) B I R AL PE R I ] dg 2 4R e L R R
AN B AR 2= A2, XCN . XCNT X CN2 Zb 3
A CNL CN1., CN2 &b 3 OFF Rz 008 ) 2 45 0 42 =
7.94% .10.07% .79.17%.
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