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The Fate and Balance of Humic Acid Fertilizer in Winter
Wheat-Summer Corn Rotation System
ZHUANG Zhendong, LI Xuhua, ZHANG Jian, CAO Yaru, WANG Ping

(National Engineering Laboratory for Ef ficient Utilization of Soil and Fertilizer Resources ,

College of Resources and Environment , Shandong Agricultural University, Taian, Shandong 271018)
Abstract: In order to promote application of the new type fertilizers, increase crop yield and reduce environmental
pollution, the research explored effects of humic acid nitrogen fertilizer on corn and wheat yield, nitrogen
absorption and utilization, and nitrogen distribution and loss in soil. The results showed that application of
activated humic acid fertilizer and conventional mixed humic acid fertilizers could significantly promote corn
and wheat yield, increase nitrogen utilization ratio, increase nitrogen residual content, reduce nitrogen loss
amount, increase nitrogen surplus and net nitrogen mineralization, and promote soil nitrogen absorption.
Activated humic acid fertilizer was better than conventional humic acid fertilizer. The results showed that
compared with common urea, the activated humic acid fertilizer and conventional mixed humic acid fertilizers
showed these effects; Corn yield were increased by 20. 6% and 9. 8%, respectively, and wheat yield were
increased by 50. 5% and 19. 2%, respectively; In corn growing season, the nitrogen utilization rates were
increased by 5. 8% and 3. 4%, respectively, while in wheat growing season, the nitrogen utilization rates
were increased by 22. 7% and 8. 6%, respectively; In corn growing season. the nitrogen loss rates were
reduced byl8. 3% and 10. 9%, respectively, while in wheat growing season, the nitrogen loss rates were
reduced by 20. 2% and 6. 3%, respectively; In corn growing season, the soil nitrogen residual rates were increased
by 12.5% and 7. 5%, respectively, while in corn growing season, the soil nitrogen residual rates were reduced by
2.7% and 2. 2%, respectively. Application of humic acid fertilizer can improve the distribution of nitrogen in
the soil, which therefore can be better satisfy crop root fertilizer characteristics.
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R R ERBE ), DR XA 2R 4 TP RUIE Y 2k 1) F 9% A2
FIRZHEH W)z RE

ATTSXE FE A T 1 BF S sF ) A AR 201 5 6 BRJES
A TR i 005 41 o TR R 36 A AR 4 A K YT
JE AR R A 32 G A= A 0 A R T R L S A RR AT AR )
BT R OB A TR B TRAE | S A TR A A A RN S A TR
AR AR R A R AR A R b e XK
Jr A AR 2B R A AR G IR BR Al 48 Al
JE AR o AL G0 J A 19 005 14 B A X A A1 L X 4 8 8% JIE i
J155 o P XY AT 55 S B v S A R T Ak B
IR ATAE Ty . R R AR W A K R R e — A2 #)
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1.1 K&t

R T 2014 4E 6 H 2 2015 4F 6 A E AR
K2 GRS I8 B 00 3 M R AT . % 5 b
TRV ST D DX A R AR Sy 2 0 ) B2 3R R i 2 22 XU/
fie , AR R EEEPTE 610 M0, FFIREW
700 mm, AP RR 11~15 C, Fop i B S 4 /N
e H EOKEAERIE . (R R, HIL A b
PET LR 1. AR E R SR S5 P 9587, /N 32 Sl b
HUPHE 2257,

F1 R TEEAEAER
TR OARER HMBEE ERAER/ HNESE

WE/em (gekg ') (mgekg ') (mgekg ') (gekg ) i
0—20 0.69 25.96 250 15.77

20—40 0.47 23.07 210 12,34 6. 88
40—60 0.42 20,19 170 11. 36

BN BRI /NK TR R 0. 4% X 3.14=0.5 m®, ik I
/N PVC B A RGE, HEME 0.6 m, 2 0.8

m, HAAREAE A KH R EEZH EAE 0.8 m, 5 0.6 m
B A K A A A B s 2 L B £
B Z BT ANE SN, U, I LB 4 A B,
CKICAJE A M) . CK2 (3 JR & N 225 kg/hm?) |
HAT R 5 75 A6 8 #1 R 008 N 225 kg/hm®) , HA2
CHE BRI A TR 2 N 225 kg/hm?) . 3 1k & & i
BLIX AL HES RN X JE DB PR AT . JEAE N A
AR R N 450 kg/hm® , 315 58 % 2000 i 1L AR
A RNE M AR 2> w] $& A CR XA PR 3R 8 A R 1
RIS D N AR g & B S 20%," N £ & E N
10. 21 atom %6 ; L &AE J JR & (N 46 %) IR 3 7% 1k
JE§ A R AU RS MR 15 %6 , TG AL EE 7020 . N 29. 7 26) Al
LA TR A R U0 OB AR 1520, N 29, 7%0) s BEAE
N G B ER A4S (PO, 46 %) . AR A B R AP (K, O
5000 o GEUBH B IE it FH B o XY b ) B R AL R K
T 6 H 17 B WegRIF Rl 9 A 28 H , Bkl % 2 R
67 500 #k/hm’ , B M0 jt F &k P.O5 90 kg/hm® , £ it
it = Ko O 120 kg/hm? , & #5840 ¥ 7E 7 3 —
WA . NZFAEIIE 10 H 7 B cgkmtE 6 H 12
H 3% Fh & 150 T3 #k/hm? , B AL & P, O5 150
kg/hm?® , Bt FH 4 24 K, O 150 kg/hm® , @ #1 JE A
FEAE — Wi A b HE L AR 1/3 VR SL R A 5, 2/3
fEIBE A 13 B AE BT [E] R 3 7 28 H . Jit it 75 =X
SR B AE YA it . B T 3 LK R 35 5 A 1 4,
FZE A B 7E A [F] e CE AR N Ak B 5 iR
F7/NX 4.0 mX 4.8 m(19. 2 m*),2 K&K, jiti i &b
HARR AN fRic AR S oK NE R, &
KL /INFZ ¥R Y D) R A B VR AT A

1.2 HERESHE

L.2.1 #MsAER  ERNE NG REM L
BREE & B8 IR T SRR AR B R A
BE I AR . FH R S A0 2 BIRT T KRR R 52 45 B
1B %5 M.

1.2.2  E3EAFS AT K /N F RO aT ANk 5 A
5 R A /N X 0—20,20—40,40—60 cm -3
FE S BERLXCHT 3 AN AL B A A S i ) s s 4
HEAR R AE 5 37 W B[] S0 58 A 0 1 K
K TCHLAS FE A T Ay 3 KT D 5 LAt 48 b, + 4
SRS Je R A DERD Ml SE AL AL .

1.2.3 MERABL5FF WMESRAEESEATERM?2
mol/ L KC iR HE . i sh e 4 oA (S0 s H e A &
R FH L PG A 00A I 5 MR 4 R R HLSO,—
H, O, T4 Pt PG s N F 5 R R e R
1 2 184 (Flash 2000H+DELTA V Advantage) lf 52 ;
M & iR 0.5 mol/L NaHCO; 75 52 5 # 44
PR NH,OAc 1248, KA 6B T E I + 15
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1.3 HiE4hE

i 56 B 45 R B Microsoft Excel 2013 A1 IBM

N R () —

SPSS Statistics 22 43 AL |
2 RS0
2.1 BHEBREMEEMREF AN

M2 2 ol LLAE B, it A IR 560 10 5 A8 e &0
(HAD) I B 45 18 68 A R ZUIE (HA2) () oK /N EE
7 P R T R 3R AR (CK2) . 2% B it F Jg 9 T
R BE W3 38 Ok /N e i, B IE S A A
R AR AR e 5 5 CK2 A HE . HAL A B A T K |
JNFE PR B 20, 6 %6 A 50. 5% HA2 4 A &
KNP 9. 8 Y FN 19. 2% . it FH JE A R
R RN T ERNEM EHARHER. 5
CK2 #H Lk, HAL Ab 3 /N A2 | K 4 1l L 3 &0 2 R
A 68.9,25. 8 kg/hm® . HA2 &b 33 14 43 51
B N 20. 3,16. 3 kg/hm” . [ 27 B AR M & 1Y
R 26 B S AR 2 08 78 0 1 BB R 3, N
g B o it FH B R R IR W B T Ok N S
RIEF IR, 5 CK2 M. HAT 2B /N AE L E KW
R R4 3 hn 22, 7% F1 5. 8% , HA2 Zh R
AN 8. 6 Y0 A 3. 4%, X kb T K L /NEE 7 B R
AL I JEE AT TR R B X /N 22 7 e 1 4 o SO TR A

x2 FEEBRLEMEYMFEKEXRREMAILFAEHZM

o e FeE/ AEMER/ AIEF H = NUE/ %

(kg * hm %) (N kg « hm %) PLIERS BN

CK1 7995. 9+ 385. 2D 133.4+8. 0D — —
) CK2 10399, 6+358. 0C 225.743.7C 38.6+1.5C 25.140. 4¢
EK HA1 12546, 0+829. 8A 251. 543, 4A 19.4+1.4A 30.94+1. 2a
HA2 11416, 8+221. 8B 242.0-+1. 40B 45.4+0.6B 28.5+1.5b

CK1 3484, 6+123. 7D 88.8+0. 8D — —
CK2 6605.9+184. 7C 170.9+1.5C 36.5+0. 7C 30.040.9C
E= HA1 9944, 0+501. 8A 239.8+7. 1A 67.1+3.1A 52.7+1.1A
HA2 7873.9+350. 7B 191.2+5. 6B 45.5+2.5B 38.6+1.6B

R PR K NG TR R E R LR 5% BEKT, FH.
2.2 BHEBRENEERBMNSHHZMN

PN R BB AR R A IR FE - e A 5R E S aA
W 3. T ANEA 36. 8% ~49. 3% 5k B 7F
+ 3, N it A EUIR A 43. 896 ~46. 5 %0 5% BA 7E
+3Erh, 5 CK2 MLk, £kZ HAL Fl HA2 4b 89+
FE AR AR B R S T 12. 5% F1 7. 5%, Horp HAL
5 CK2 271k 3 B %K ¥ /N 2 HAL Ff1 HA2 4t
FRAY AR RS CK2 THEZR . TXF
FHRE A R AU S5 0—60 em 1850 2 (19 5% B3 1 W] i 1t
hn ] HAL B HER R R e 2, Hik oy HA2,
DL CK2 4h PR 541G ; 5% B8 AF 3 b i &I 250 1
TE0—20 cm 2. MR B R 50. 7% ~56. 2%,
20—40 em T2 5 18.0% ~24.1%,40—60 cm + 2
mi 24.790~25.8% . /NFEZER B W R IR £ B4 A
TE0—20 em H )2, i BEGRE ERY 68. 4% ~T71. 6% ;
5 CK2 #f e, fta FH IR 56 3% 16 8 A R /IR J5 0—20,
20—40 cm - 38 %08 (4 58 B4 0 5 it FH RS A e

40—60 cm ZALFE B = W BN, H HAL &b 88n
% .

5 CK2 Mt E ok ZE it F B Al e /I 35 Jm T
20—40 cm T HERE N GR EE LA, /N 27 2t S AR R
AESE T 0—20 cm 4 48 Z AL 5% B8 Lk 71, 2 BH JES A 1R
RN AT i FAEAE 3 (%) 2 A L 0 2 EOK N EEAR
ENES e
2.3 EHERBEEYSERKNZE

25 Jita E A P (N 95 O UL 3% 4L e S A R AU BE
B B/ T REIER . 5 CK2 Ha, B oK A= K A/
22 A K i P DR S 1 A R TR R 1) R 6 K i Ay
B 41.1,45. 0 kg/hm? , e I # #1518 8 A8 e A
JIE £) 2N 4 2 i 43 il ek /b 24. 7,14, 3 kg/hm” ; HA1
A B RUIE A 2 2R 43 0 s /b 18. 3 %6 i 20. 2%, HA2
B A3 0/ 10, 9% 1 6. 3% ; Bk ZER AL W &
TN [ —EAE A H CK2.HAL . HA2 F kT E 0
e R /N F 4y ) 14.6%0,16.3%.10. 0%
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®3 ABRAETEFAHNEBSHH(CN)
AMEsk /(N kg« hm ?) i MR R B %
> I\I ‘;5}7; g//[l
o e TR/ % 0—20 cm 20—40 cm 40—60 cm 0—20 cm  20—40 cm  40—60 cm
CK2  36.8+1.3C 46541, 1C 14.9+1.3C 21411, 2Bc 56. 2 18.0 25.8
Ek HAL  49.3+0.8A  56.240.2A 26.8-40. 9A 27941, 8Aa 50. 7 2.1 25.2
HA2  44.3740.8B 52.1+1.3B 23.0-0. 8B 24,741, 0ABb 52.2 23.0 20,7
CK2 46.5+2. 4a 70,944, 1a 17.74+2. 1a 16.241. 0b 68. 4 17.9 15.3
N HAl  43.8%+0.7a 64.6+0. 3b 11.241.7b 22.7+1. 6a 71.0 1.3 23.4
HA2  44.3%+1.5a 65.2+2. 6a 12741, 4b 21,940, 6a 71.6 13.1 22,2
®4 TEEELEREBR% T A B AR R RN N R R 45 TR TS AT R R AE B W U A
- FER/ (N kg hm ) BEE/ % TR ZE AN 30.5,9. 5 kg/hm? , Ui B Jig 41 2 ik
hE AR NE A {2 RV 5 £ 48 R 0 I .
CK2  52.947.4A  85.842.2A  23.5+3.3A  38.1L1.0A ) N
. . . . . . . . N/ \. 24 r 4:‘ N )
HAl  7.941.3C  44.744.4C 3.540.6C  19.842.0C IR /N AR B R AT LA i 3
HA2  38.6+2.5B 6114248  17.2+1.1B  27.2+1.1B AEWMAPLEAFEREH A GEFTEEHGAERN

2.4 BAENEREESRE

JEVAE PN T A R R X U8 2 1) 5 - 4 R 3% T A
RIS UL3E 5 Fi6 6, 5 CK2 AH L0 . IR 36 7% 1L )8 M 1R
FUIE I H B8 TR 6 A R I8 A 0N 6 % BE 40 i 1
f22.0,11.9 kg/hm® , /E 97 0 Y R &R & 43 il 3
i 64.2,27. 1 kg/hm”, &0 BE 381 26 & 43 50 2> 86. 1,
38.9 kg/hm” , ZL % B 40 ) 1 4. 9% F1 2. 8%,
IR FI) 2245 BB 14, 3% F1 6. 0% , ZUIR I 2% 4y
BIREAR 19. 120 F1 8. 6%, id B &5 A7 iR 220 I8 G I 2% 2K
LAEYXT EE 0 R L 98 EIE G L B0 g,
R S T AR AR TR IS AR B A, 5 CK2 AH L ik

N 455 kg/hm®) Ay #5 ) DL R0 R Oy L O
e L. AIEHRA BB 2 & THEYRIEMAR
Gt (B B A AL o OIS BN BE A A I W A - 3
R H 50 AT AT AR L bt 2R T T 4 4
AT IR EE S W IR A E it R AR R
AL 20—40 em A 3 4 55 = W R 3. HAL &b 2R
[ 40—60 cm S 4 5 AN W0 . vt A A
PRANERESE I T LA SR M 4. 5 CK2 AL,
HAT Ab BRI T RIS A E A AR5
P SN A B ) - M G R T AR A 0 R [
HATL fh 3] B e it 7 H R R 1.

£S5 AEEELEBEANREDEERE

e Akt 2:m /(N kg « hm™?) JIE R 25 1w B A5/ 6
AL TR &= iy Wi Wi = Bk & AR LEIE T k&
CK2 187.4+£7.7c 123.8=+1.5C 138.7£8.6A 41.7¢ 27.5C 30. 8A
HA1 209.4740. 5a 188.0%4.9A 52.6+5.2C 46. 6a 41. 8A 11.7C
HA2 199.342.7b 150.942.0B 99.8+4.4B 44.5 b 33.5B 22.2B
*x6 FEAMELERAEFNRETHE
i +HER R W/ WAL E/ TSRS/ YEIOIR G IR R &/ (g kg™ 1)
(kg + hm™*) (kg * hm™*) (kg « hm %) 0—20 cm 20—40 cm 40—60 cm
CK1 245.7+8. 4d 226. 048, 4c —19.7c 0. 64c 0. 49b 0. 42¢
CK2 272.842.9c  248.1+10.6b 172. 8b 0.78a 0.51b 0. 46b
HA1 303.3%+3.9a 266.0+£3. 8a 181. 9a 0. 76ab 0. 54a 0. 49a
HA2 282.3+4.7b 251.7+5.4b 177. 2b 0.73b 0. 55a 0.46b
3 W MR A T A SR R R

ARG R N 78 R AR 9 B 52 45 2R 3 B L e
B AL TR RME RE 2 i oK /N 4R v RUIE A T R
BN G 5k B el D RS Ok o LIRS 3 A T A R
BOREhE . VP2 WPFE R 0 AR R RE 4 i TR T
FFE = R P AFE T WS AR e
AR 2R A= W 4R R R AR 7 AT B 55 AR AR R
TER M RE J1 5 Calvo S50 1 HAH S £33 v e W 1
FHTR AE (2 HEAR P 0 2603 (9 W5 Piceolo 4521 E HAJF5¢
HFE HR I ARLIR AT IS e S M L I AR 5 AT DA G
T A BIORZSTT L 5 A Ak 22 F 9 3 WD A R e A2 3 A

KN R A TR ZR 06 1 45 6 AR 52 e 1 LA B
SO AR B AR R I A 4R R R oK N R RUIE
FH 2RI i 20 28 WO T A A = B Y

ARIGZEAF T s EARFENEFI A 25.1%6~30. 9%,
INFE B F 2R Hy 30, 0% ~52. 7% . A 25 7t A B T
KN A BRI 2R F oKX o2 5 B o 4
T it S A TR RIS Ak (Y /0N 27 7 R A
0 T K HLUR I T b A R s R T i B, O
IR ] R Ay % 2 it FH I A R RS T K

N I R AR S 1) SR ) 3R AN A A
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M2 AN Re B L H 4y 38 C/N L 42 HIER R0 b
YRR A SCRAR B Z ¢ T IR AR FR RIE B 47 % C/N
LU B e R R A T A R S AT LB R
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