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Effects on maize field soil enzyme activities and microbial biomass
of chemical fertilizer reduction

MEN Qian, HAI Jiang-bo, YUE Zhong-na, XUE Shao-ping, WANG Qing

(College of Agronomy , Northwest A&F University ,Yangling ,Shaanxi 712100, China)

Abstract: [Objective] The purpose of this research was to determine the effects on the soil enzymes
activities and microbial biomass in the maize field with different treatments of organic fertilizer addition
with chemical fertilizer reduction in the wheat-maize cropping pattern. [Method] From Oct 2010 to Jul
2011, field test in Yangling Shaanxi was done. There were 7 treaments: {ertilizer fixed match high manure
(NPK+ HM); fertilizer fixed match medium manure (NPK + MM) ; fertilizer fixed match low manure
(NPK+LM) ; fertilizer decrement 30% match low manure (70% NPK + LM) ; fertilizer decrement 50%
match medium manure(50% NPK-+MM) ;fertilizer decrement 70 % match high manure(30 % NPK+HM) ;
CK. And 0— 20 cm soilduring was collected in maize seeding, shooting, large belling tasseling, filling and
autumn. The activity of soil invertase, catalase, polyphnol, urease and the soil microbial biomass carbon

(SMBC) , the microbil biomass nitrogen(SMBN) were determined. Then analysis was made on the different
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fertilization on soil enzyme activities and the soil microbial biomass carbon(SMBC) , the microbil biomass
nitrogen(SMBN). [Result) The results show that organic fertilizer addition has the greatest impact on the
soil invertase activity,urease activity, catalase activity, the soil microbial biomass carbon (SMBC) and the
microbil biomass nitrogen(SMBN). But organic fertilizer addition decreases significantly the activity of soil
polyphenol oxidase. On the contrary,under the situation of the treatments of organic fertilizer addition with
chemical fertilizer reduction,the results of the soil invertase activity,the soil urease polyphenol oxidase ac-
tivity , SMBC and SMBN are different,and the soil enzymes activities and microbial biomass are all top in
the 50 % NPK+MM treatment. The studies show that the effects on the soil enzymes activities and microbi-
al biomass are the same between the 50% NPK-+MM treatment and NPK-+ HM treatment. Also the soil
respiration intensity of different treatments at the maize growth stages is higher than that of contrast treat-
ment, but there is no difference among all the treatment. [Conclusion) 50 % NPK+ MM is the proper fertili-

ty in the mode of wheat and maize cultivation. The research indicates that reducing the chemical fertilizers

moderately is reasonable in the technique of improving the fertility of soil.

Key words: organic fertilizer addition; chemical fertilizer reduction;soil enzyme activity; soil microbial

biomass;soil respiration; wheat and maize cultivation mode

AN TR R A SR B b v b e AR R O B
PR AR 20 2B S B 7O VR K LR 3l Al
HOR B IR A S 2R ] A b 3 v 1 ™ R
BEUEA AR AR LA R T A B B IR 5 A K LW
TR0 B 204 23 e I LA %t 8 P R il 72 45 2 A )
R R AR A A AR e AN e B T A
PUIE R REA R L nJal 1 A 25 A 5 AL = B
il 1k LA B - SRR W X R R T R AL L i 2
TIX R RN DR R W] O
DA B 4 SRl 2R W ik R B e b R R Y AR A L A
HUAE F 6 AL AL FE -7 it FH AT LA e 4 48 A 4 o 18
5t A T P R AR R A R R A B
IR - 498 55 A A A7F 5 R 4 o A B — A E i
— A BILIE B AN T o 246 % 1 S B3 A= W i 5 ) Ak
A5 A [R] b 286 A AL T e % - 328 Bl A 0 v i
PR 55 A ] o 56 B A [ P et BILAIES I ot 3o - 18 5 A=
Wy 1453 - A TLAS TR T 6 T A B D 7 F 5 R
ZHRIR AT O B AR AR AT IO A SRR TG G
H M X /N 22 - R B AR 2T L 3 25 9800 1 7E AR 1 1k
JIEL it D v 8 A AL it D 2 0 K T S
1 L B o S G A i 7 A A Ao 00RO 0F 5 i LR
Do R ARBEFETEA BT I A 1F T IR HTFEAE )
PR T B2 3l T 5 A 400 A A AN Dol 5 it X 4 3
A= WS R R R R L 4 s T RE AR A IR DR S R
TEY) YA R TR B N AE R R L B AE D il 5E 5 B
(1t JERE A T 58 0a - A S IR LA A i 4k
A 2%

1R Tk

L1 I gt

IR T 2010-10 — 2011-07 7£ Bk 74 4% vk 76 b 4
AR K2 B0 b AT . I8 M A R A XA )N
A2 -k M T R KR OIR S E B BL A 2% R D
Az INFZWRAR 5 B R Tl EOK . B AR A FE
J PG4 5387, #E &k 150 kg/hm?; K K “H E
227 &/ A 125 kg/hm® . R 56 #b 1 8 (9 Bk P
J: A ML 14, 26 g/kg, & A 0. 90 g/kg, B i A
36.00 g/kg, HALWE 17. 64 mg/kg.,
1.2 REHE

I 7 AN A (R D NPK+HM, LR R
W R A HUIE s NPK+ MM, Ak AP A ik 5+ o
AHLE ; NPK + LM, 16 I8 AS 3 &2 + ik 2 A LT ;
70 Yo NPK -+ LM, fk iE sk 12t 30 %6 + Ik &2 ALAE :50 %6
NPK + MM, 1k At 3k 5t 50 %6 + o 42 45 AL AR 5 30 %
NPK+HM, fL Bk & 70 %6 + & & A HLAL ; NPK, X}
M, B EL 3K,

IR R FH Bl AL X 21 3% 3, 3K 56 /0 X i A 4. 5
m <4 my PR 56 b e T RR T R X BECZE 9 T AR Sl 4L 5
mX3 m, LG5 2 BB s 1 B B
FE/NZZ A B B NG P LUK i FH & 4% B A2 7 100 kg
INERERIFE 4 N 3 kg P,O; 1.5 kg K, 0 2.5 kg
DL R /N2 77 i K2 7 500 kg/hm® 4 88 5 BT LA
NPK 4b# i JR 2 i 4 251, 8 kg/hm® | B R — &%
M 4 2550 7 kg/hm®.| B W2 #f H & S 375. 2
kg/hm®, DL [ JERE 4 4E b JE ARt A 56 2 B BE R 7



5 6 30

1A AF AR N X K A S S AR e 1 5 135

FoRA B B g HOit ] NOIE L N A R
A2 77 100 kg FKRFFRLTT Z4E N 2.5 kg LA K E K™

M6 000 keg/hm? Hr80HE . P A AL BER R
320 kg/hm” , HAE TR — IR ST A

®1 FAEEELENENEE

Table 1 Fertilization amount of different treatments kg/hm®
b R Uren P i L
Treatment = EES Diammonium Lemery Fertilizer
Wheat Maize phosphate
NPK-+HM 251.8 320 255.7 375.2 34 500
NPK+MM 251.8 320 255.7 375.2 25 500
NPK+1LM 251.8 320 255.7 375.2 18 000
NPK 251.8 320 255.7 375.2 0
30 % NPK+HM 75.5 320 76.7 112.6 34 500
50 % NPK+MM 125.9 320 127.9 187.6 25 500
70 % NPK+ LM 176. 3 320 179 262.6 18 000
BB R F A LI R A AR 28 3 a0 1 —. AR R E £ R Rk A A RN,

A HUIE HE FH R 2 R R 3 A bR RIR A
HLAE (LMD 2 18 000 kg/hm” , 14 A HLAE (MM) Fy
25 500 kg/hm®, & & A HLJE CHM) 25 34 500
kg/hm® . A HLIE T /N 22 3 Fh Ei 7 S JEE — Uit A
FARAEFT YA .
T 56 100 10) FH i) A8 B4R = 7 B R AT
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U FEARRE R & AL B P, oK OR R A= & A 4 4 3
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F.H5 NPK+HM &b P i -+ 8 580 A 6 P AR T .
2.1.2 $®maiEmER MNEIALUEFEN.MEE
KA H IR, 4 3 2 1 S A RO PR SR 2R
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Table 2 Effects on the soil invertase of different fertilization treatment mg/g
e TEA A I 1 Glucose
e i AL STLE I e WA
Seedling Shooting Large belling Tasseling Filling Autumn
NPK-+HM 6.11 a 6.09 a 6.13 a 6.07 a 5.02 a 5.97 a
NPK-+MM 5.90 ab 5.87 b 6.05 ab 5.89 ab 5.97 ab 5.94 ab
NPK+1LM 5.83 be 5.83 b 5. 95 abc 5.79 b 5.88 ab 5. 86 be
NPK 5.48 d 5.39d 5.41d 5.51 ¢ 5.46 ¢ 5.47 d
30 % NPK+HM 5.77 be 5.77 be 5.89 be 5.85 ab 5.86 ab 5.74 b
50 % NPK+MM 5.97 ab 5.96 ab 5.98 ab 5.89 ab 5.94 ab 5. 86 abc
70 % NPK-+ LM 5.64 cd 5.62 ¢ 5.75 ¢ 5.81 b 5.81b 5.81 ¢
TE - A B8 5 AR AN Rl /NG 8 3 237K 22 5 i % (P<<0. 05) , R 3Rl
Note:Datas in each column with the different letter are significantly different (P<Z0.05). The same with the following tables.
R3 AEEELENEXRBLIESHAILBEENZ N
Table 3 Effects of different fertilization treatments on the soil polyphenol oxidase mg/g
b Z By S AL IS ¥ Polyphenol oxidase
e i rEAT SCTINGLL ) EaT W
Seedling Shooting Large belling Tasseling Filling Autumn
NPK+HM 0.813 ¢ 0.838 ¢ 0. 856 cd 0.841 ¢ 0.827 ¢ 0.818 ¢
NPK-+ MM 0.932 b 0.947 b 1.042 b 1. 008 ab 0.956 b 0.948 b
NPK+LM 0.981 ab 1.001 ab 1. 068 ab 1. 032 ab 0.998 ab 0.986 ab
NPK 1.011 a 1.035 a 1.101 a 1.048 a 1.021 a 1.018 a
30 % NPK+HM 0.765 d 0.785d 0.812 d 0.798 d 0.778 d 0.768 d
50 % NPK-+ MM 0. 826 ¢ 0.848 ¢ 0. 886 ¢ 0.875 ¢ 0.839 ¢ 0.823 ¢
70 %Y NPK+ LM 0.957 b 0.980 b 1.005 b 0.987 b 0.972 b 0.968 b

2.1.3 HHRARBFNE K4 KW EAERREE
AR, NPK+HM 4h ¥ + 358 19 3 581k S0 5 1 78
FOKAN ] A= B B 4 05, HLBE 2 A PR K5 A 6 0 1
T 36 K R LA BLRE IR A R 4 e A Sl
PR . AR U A B R, 7 KON R AR
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Table 4 Effects of different fertilization treatments on the soil catalase mL/g
e i E AL A G P Catalase
Treatment H AT S W il i 41 HES Jp %8|
Seedling Shooting Large belling Tasseling Filling Autumn
NPK-+HM 5.96 a 6.02 a 6.08 a 5.95 a 5.88 a 5.91 a
NPK-+MM 5.78 ab 5.78 ab 5.81 be 5.88 ab 5.77 a 5.87 ab
NPK+ LM 5.53 ¢ 5.57 b 5.59 ¢ 5. 60 abc 5.56 a 5.61 be
NPK 5.06 d 5.03 ¢ 5.03 d 5.31 ¢ 5.31b 5.14 d
30 % NPK+ HM 5.74 b 5.77 ab 5.78 be 5.81 ab 5.68 ab 5. 64 be
50 % NPK+ MM 5.91 ab 5.99 a 5.96 ab 5.83 ab 5.76 a 5. 86 ab
70 %Y NPK+ LM 5.46 ¢ 5.48 b 5.55 ¢ 5.56 be 5.52 ab 5.57 ¢
2.1.4 WREEEM RS N CAFMEA BT 5 27.08%,22. 456 M1 20. 41% . TEAHLETIE KT,
IR it 3 PR A 7 A T ] SR R % A 3 Y DR R O 1 2 A N D it A 3 1 - DR Tl 0 1 B SR IR AT IR B AR AR AR

% & F NPK &b 3, o NPK+ HM 4h # + 12 ()
IR T P i e A T KB ) BRI L R WL
T 40 LV AT Rk AT 3% Ak 3L R Y ORI O A 43 )
B NPK 4b BRI M T 39. 53%.44. 18%,44.18%,

VR A A B R L E B NPK kb B A B 1 b, L 2%
AR E T K K B R E A F T,
50 % NPK + MM &b B + 12 (1) IR il 15 2 15 = 7 HoAth
fEAE B b 3, H 5 NPK+ MM 4b #4230
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Table 5 Effects of different fertilization treatments on the soil urease mg/g
e MR 75 P Urease
e i AL TLE I ey WA
Seedling Shooting Large belling Tasseling Filling Autumn
NPK-+HM 0.60 a 0.62 a 0.62 a 0.61 a 0.60 a 0.59 a
NPK-+MM 0.59 a 0.58 ab 0.59 ab 0.59 ab 0.59 ab 0.59 a
NPK+1LM 0.52 b 0.56 ab 0.57 ab 0.56 ab 0.58 b 0.55 ab
NPK 0.43 ¢ 0.43 ¢ 0.43 ¢ 0.48 ¢ 0.49 ¢ 0.49 ¢
30 % NPK+HM 0.55 ab 0.56 ab 0.56 b 0.54 be 0.57 b 0.54 b
50 % NPK+MM 0.58 ab 0.57 ab 0.59 ab 0.56 ab 0.58 b 0.57 ab
70 %Y NPK+ LM 0.54 ab 0.55 b 0.57 b 0.53 be 0.57 b 0.54 b
2.2 AEEEAENEXRBLIEREYER. AN NPKEMM AW HEMADEKRS B EE S
=41 T NPK b3, {H SR L 50% NPK+ MM &b 3 4 4=

2.2.1 R pmAEHEHR K6 WAL
PR Y RE 3 I LR W R R S R fE Ak
HEAS R 260 R Bl G A HLAE T i 0 184 0 I i
WM A HLAE AR BEAM , 7F £ K Hom 25 AR B 0 45 b 2
A IO Wy e B R BT NPK A BRI 35 7
1 7E Ak AE Bl 5 Ab B P, KRR A E B 500
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Table 6 Effects of different fertilization treatments on SMBC mg/kg
b B o T SMBC - — —
Treatment 1 3] I U ILNEE ] i fi 0 i ] B

Seedling Shooting Large belling Tasseling Filling Autumn
NPK+HM 191.20 a 181.20 a 206. 62 a 197.62 a 190.17 a 185.22 a
NPK-+MM 174. 31 ab 164. 31 ab 194. 33 ab 172.18 ab 173.87 ab 164. 47 ab
NPK+ LM 164.87 b 158. 21 ab 167.52 ab 167. 66 ab 165. 10 ab 146. 04 bc
NPK 112.51 ¢ 115.85 ¢ 99.45 ¢ 108.79 ¢ 92.02 ¢ 114.42 ¢
30 % NPK+HM 167.92 b 151.26 b 166. 69 ab 149.99 b 157.51 ab 152. 18 ab
50 % NPK-+ MM 179. 63 ab 159. 63 ab 160.18 b 156.29 b 164. 74 ab 163. 32 ab
70 %Y NPK+ LM 166.43 b 156.43 b 160.04 b 155.38 b 144.02 b 156. 30 ab

2.2.2 EXEBAEYHETR RTERUETKRKAR
A= TE e A AT R e I S A e i AT LIS 1 R
N SRR R i B IS e O A
o 1) A5 A PR 2 ) 22 S R B 2 IR MR A
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Table 7 Effects of different fertilization treatments on SMBN mg/kg
Ak 34 - e - SMPN m —

e o3y e I TGL T TR AT
Seedling Shooting Large belling Tasseling Filling Autumn

NPK-+HM 31.74 a 33.04 a 32.71 a 31.67 a 31.52 a 32.68 a
NPK-+MM 30.61 ab 31.93 ab 32.26 ab 30. 94 ab 30.21 ab 31.27 ab
NPK+LM 29. 89 ab 30. 85 ab 30. 85 ab 30.47 ab 29.50 ab 31.19 ab
NPK 23.32 ¢ 23.75 ¢ 22.75 ¢ 22.48 ¢ 23.17 ¢ 22.26 ¢
30 % NPK+HM 28.30 b 29.87 b 30.21 b 29.51 ab 29. 81 ab 29.23 ab
50 % NPK+MM 28.96 b 30.57 b 30.57 ab 30. 26 ab 29.57 ab 31.21 ab
70 % NPK-+ LM 28.79 b 29.95 b 29.29 b 29.11 b 28.33 b 27.74 b

2.3 A[E) M AR Ak 3 X oK H 4 5 R R R BT B 2 )
M T Al DL L B TR A H WA DL . A TR
Jill IS A B - 98 P 0 i S R 9 s kA Ak L (H R

At TE I B 22 5 . B NPK-+MM 4b 346, 4 it iE
A F A A O 5 R XA R I AR LR TR
wpl W\ 139 3 3 A R AE . 2 R BEE SR 2 R
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Fig.1 Effects of different fertilization treatment on soil respiration
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