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I BARAT 55 fh 5 LA S B B SR T, S AR R 4y
TN, WMERERR 0L BRI R, SR
N ISR ZUN I T 2 2 AR AR AR, SR E
B P BB I, S PR RR 10 B SceR A  R E,
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FRihBRER AL, 1A ME T KA I 6 i R 4 BOR 5 3k
86.5%. SRAMEWRSE ) LURK Py # Bk KL A R 5O
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0,. H,0,. KClO,. CL %, H v HNO, F1 Cl, 7F
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[0], CL+H,0 —> OCI'+H,Cl—2HCl+ [0]), &
AR F Al RIRR o F A5 BRI T
BEB/N, COHEEBFM, O N RN,
I5 TG A M I R AR, BRE S iR
B0l BRI T B RAIE LA, R A ALIE L
TETELSESMELESE, RS > FIH H,0,
XA AR, A5 T ietEiS b T2 (H,0, 1k
F£ 0.9 mol/L. BIKHEIE 0.5 mol/L. [EWEIL 1:8, Jx
SN ) 30 min, WEOKI o JHZEH T R H,L0,
HE—2E ST 1 AN IR SRR 2 o e RS A R 75 2 ) 5
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Ham.
1.2.3  fifbik

ok B R T ok RV R T A, AR R A
i AL — P B T B, sk 4B %5 ) L N-Mn-
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( Bacillus mycoides )
(DGRE)E
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AN R
( Acinetobacter sp. )
Beth X8 el S7 30 70 [48]
( Gordonia alkanivorans S7)
SR 25~ 70~ [49]
( Pseudomonas putida ) 30 7.5
o ReEWE 28 70 [50]
( Rhizorus )
RHENTEE PO 28 65~ [51]
( Penicillium decumbens P6 ) 7.0
BRI 25~ 60~ [51]
( Fusarium sp. ) 30 7.0
i1 &z 35~ 60
(Agpergillus sp.) 40
EE(iR s 28~ 60 [52]
( Phanaerochaete chrysosporium ) 35
gy iR 25 7.0
( Neosartorya fischeri )
A EZALIA 30 ~ 65~
( Polyporus versicolor ) 35 7.0
TR AR 28~ 75~ [53]
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MR TR Rdss, RV wZ], A
A TAEANER, w AP R, Bk
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47.6 °C, JRVIFE] 1.81 h, %467 A 6 vk BE 2
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L5 T R RE IR IR F L FE /N5 LAl R
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FRTE IR 2R s Tl A Jox vh i) 48 T MR DR 2R 485 W0 1Y)
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BRI IR Z ), T A4 s . R
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PREITE LAY 3R 2.5 : 97.5 F1 20 : 80, Z&iE . &
. TG WS PR A SRR IR . 28
e OV T ORRIALIAR [ R 2SI RRR HE 4] 100 :
(2.5 ~ 10) ], REEEIE (B R R %
PP gE . R ARSI ) | RG] (AR
il B IR BRI ) L SR TR . R EBL T
X CEFET . ZAIRS T ) T 23500
JERIER PR R F= R, B T B T A TR
(E5), Wl T BIARTZES8, RS RRE 7 &
HIRFER 5% ~ 20%, AR RiEs,
HF TN 40 ~ 50 CHRMTFIE AR T

YA
zﬁnuﬁu}l

R
wm:}a
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It i f
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L

R
i
i
=HE
:
l

B5 fEnaREEEBRREETTIEZRE

4 JBHEBRPR R R &7 g b

4.1 BRI FAER Y
JES L IR PR 3R B B AR i R R R A

R 3, WRP AT, H5IREAH
o, JEMRRIR RN | FOK . KRR
A R 12.1% ., 11.6% ., 5.4% F124.7%, J&#i
Fif IR AL BN | T KRR AR R R R 0 B e
16.9% . 16.6% 1 10.1%. JEHEFR IR X 4% 2 iy 4
IR A, R/ L oK OKAE, XATRESE
T AR PR R R M2 5 R AR L Z R TRe, 1
NEZL, WK AAAE IS AR IR R W it . TER R
AR, JEHRIRECHARFR R E ST
JREAB, SIREZLBAL, JEHRIRZA BN
R AR R4 SR . BRILLISL, B
fi PR 22 AL BRAA AT I S R ROK S BT, R i KR
EARRSE A SR
4.2 JEHERRIR ZAELTAEY R

JERER PR 2 2 AR 7 it I R R FH R 52
M L2 4, WRPTTLIE W, SKRFELEMLL, E
TR PR B AL PRRRAL . HRE . H SR A = o 42
1 8.5% . 18.4%. 21.1% M 15.6%, J&§FiR IR & ik
FRARAE AT E AR 25 8 5 12.5% T 8.6%.
FEVER AR T, SR AR R PR 25 A0 B n] i S AR 2R
T, fEdERE AR m AR e, PSR R R
Ji. BARK . RER. REEE, REE BA
A AL L I A il R s A SR 1 0
PR, WO R R AR A, PRI RS
Y RS TOT I, B R R R R A PR RERE 4
PRI BE 7= A 25 43 ) HE PR 2 AL P v 1.24%
3 430 keg/hm® 1 4 458 JC./hm* ™,
4.3 JERRR IR FE ARG A N A

JEREIR PR 3R X g B 7 i S R = R R 52
ML 5, MERPATLIE, SREAMEMLL, J§
MERRIR R ALK . KA, Fih. B, FREA
sk e A B 29.7% . 15.7% . 4.83%. 18.1%.
55.7% T 5.8%, JESAFIFR IR AL R VR A 2 Al
P4y 45 15.0% 1 16.7% ., FES BT, JEAE
Mg bR Z T W R B3 Ve i, A& M
SR, B SE, RIS
HBHISARR, ARs e iR
4.4 JERERR IR Z AR A A i

JEFERR IR R XA =i s S R R R
Mg 6, WERITLIEH, S5RELBH L,
JE AR R PR R AL BN . RIS 2 I 4t 40 4 1=
10.7% . 14.2% 1 11.1%, JEARR PR 2 40 BRIA 235 VA
FH RIS 9.2%, Bt =5 F /UK A R B
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®3 BEBRENIZRFEVTEREEZFAERNZM

P U R EVIZIEES U LR R

TERFIZE s s E= BTN
(kg/hm®) (%) (%) (%)
INFz HAU A 7844 12.1 477 16.9 [6, 65-67]
U H 6650 ~ 9890 8.1 ~ 28.0 38.4 ~ 546 12.1 ~ 217
U A 7010 30.8
JUH 5635 ~ 8904 263 ~ 34.1
ok HAU -4 9823 11.6 433 16.6 [6, 67-75]
JUH 7010 ~ 12885 6.0 ~ 20.6 27.2 ~ 50.7 8.3 ~ 24.5
U FHME 8813 275
JUH 6160 ~ 12 060 13.1 ~ 386
IKFE HAU EHIE 9747 5.4 45.9 10.1 [76-79 ]
JUH 8918 ~ 10067 2.0 ~ 87 — —
U FHE 9251 35.8
JUH 8564 ~ 9922 _
ke HAU T4 27 084 247 — — [80]
JUH 23160 ~ 33312 8.8 ~ 56.6 — —
U FHME 21278 —
Fien | — —

TE: HAU ZORIE PR R AL, U /R REFALI, —Fom AR, T,

R4 BEBREXNEFIENFERAEZFAZHIZN

. e (kZiZ) iﬁ“(l;jf‘ ﬁﬂ?ﬁﬁ)ﬁ? U i\ﬂ(ﬂj})ﬁﬁ%bu St
iokia HAU T¥E 5694 8.5 44.8 12.5 [ 83-85 ]
(BAf) T 5671 ~ 5712 36 ~ 16.8 34.8 ~ 49.7 6.5 ~ 16.9
U P 5261 323
T 4889 ~ 5502 24.4 ~ 4322
HE HAU FHE 10 600 18.4 30.5 8.6 [82]
Fled| — — — —
U SR 8950 21.9
Fled| — _
oy HAU SR 34.4 21.1 — — [81]
FleAic| — — —
U SR 28.4
Rene| —
14 HAU SEHE 6293 15.6 — — [86]
T — — — —
U FRfE 5445 —
T - —

— 246 —



rhEEEESALEE 2020 (4)

x5 BEBREVEREXFERAZFNAENZIN
- s ( kf;iz ) iﬁ(U;é;'Fﬂ fxﬂﬁ(ﬁiﬂ)ﬁﬁ% ®U ffuﬂ?j/‘j):{%ﬁi@ﬂu Skt
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Application and research progress of humic acid urea in agricultural production and non—point source pollution
prevention and control

BO Lu-ji', LI Bing’, LI Yan'", LIU Zhao-hui', QU Zhao-ling’, WANG Yan-qin' (1. Institute of Agricultural Resources
and Environment, Shandong Academy of Agricultural Sciences, Key Laboratory of Agro-Environment of Huang-Huai-Hai
Plain, Ministry of Agriculture and Rural Affairs, Shandong Environmental Fertilizer Engineering Technology Research
Center, Jinan Shandong 250100; 2. Shandong Provincial Geo-mineral Engineering Exploration Institute, Jinan Shandong
250014; 3. Shandong Agricultural Environmental Protection and Rural Energy Station, Jinan Shandong 250100 )
Abstract: In recent years, with the release and implementation of the “Zero Fertilizer Use Zero Growth Action Plan by
2020” , fertilizer reducing and efficiency increasing have become an important way to develop green and high quality
agriculture in China. Humic acid urea has been used as a new element for agricultural transformation and upgrading due
to its unique advantages. However, there are still many problems to be solved in the production of humic acid urea and its
application and promotion in agricultural production and non-point source pollution prevention and control. Under the policy
background of agriculture with fertilizer reducing and efficiency increasing for green development, this paper systematically
reviewed the research progress of the activation methods of humic acid, the mechanism of action of humic acid and urea, the
processing technology, field application effects and the prevention and control of non-point source pollution of humic acid
urea, proposed the problems existing in the production of humic acid urea and recommendations for new product development
focus and application promotion, which will provide reference for the use of zero-growth action plan for chemical fertilizers
and agricultural non-point source pollution prevention and control.

Key words: humic acid; activation; technological process; agricultural non-point source pollution prevention and control;

fertilizer reducing and efficiency increasing
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