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Effects of nitrogen fertilization and film mulching on soil microbial biomass
and enzyme activity of spring maize in semi-arid cropland

ZHU Li-xia"?, YUE Shan-chao', SHEN Yu-fang', LI Shi-qing'
(1.State Key Laboratory of Soil Erosion and Dryland Farming on the Loess Plateaw, Northwest
A&F University, Yangling ,Shaanxi 712100, China;
2. College of Natural Resources and Environment, Northwest A&F University, Yangling, Shaanxi 712100, China)

Abstract: To explore effects of long-term N fertilization and film mulching on soil microbial activities in high-
yield and high-efficiency dryland maize system on the Loess Plateau and provide microbial basis for reasonable ferti-
lization and agronomic management in this region, a field study with two main treatments of film mulching (F) and
N fertilization ( N) were conducted. Nitrogen fertilization rates were 0 (NO) , 100 (N100) , 250 (N250) , and 400
(N400) kg » hm™. The maize variety used was Xianyu 335. Soil samples from layers of 0~10 ¢m and 10~20 ¢m
were collected in 2014 and soil microbial biomass and enzyme activities were determined. Ecological stoichiometry
of soil microbial biomass and comprehensive evaluation of microbial activities were analyzed using principal compo-
nent analysis. Whether mulched with plastic film or not, soil microbial biomass C, N, and P increased with in-
creasing N fertilization rates except for microbial biomass N in N400 without film mulching, and the increase effect
of N fertilization disappeared when N fertilization rate was above 250 kg + hm™. Film mulching had no effect on soil

microbial biomass C and N, but significantly increased microbial biomass P.Film mulching decreased ratios of mi-
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crobial biomass C to N in treatments of NO, N100, and N400. N fertilization significantly increased the values of
microbial biomass C/N and microbial biomass N/P. Urea activity increased with increasing N fertilization rate in O
~10 cm soil layer, but it was not affected by film mulching in both layers.Both film mulching and N fertilization
significantly increased alkaline phosphatase activity, and the highest values were observed in FN400 (1.49 mg - g™
-d™"in 0~10 cm layer and 1.61 mg - g”' + d™", respectively).The principal component analysis results indicated
that 250 kg + hm™of N fertilization treatment shared the highest soil microbial activities whether with or without
plastic film mulching. Overall, N fertilization at a rate of 250 kg « hm™in soil with or without film mulching was op-
timal for soil sustainability in this region.

Keywords: nitrogen fertilization ; film mulching; dryland spring maize; soil microbial biomass; soil enzyme ac-

tivity
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SR MR A TC W, N100 F1 N400 i 248 i
0~ 10 em )2 A &0, 53 313 N 28.33% F
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Table 1 Effects of N fertilization and film mulching on soil microbial biomass
b R MBC/ (mg - kg™) AR A MBN/ (mg « kg™') R R MBP/ (mg - kg™)
Treatment 0~10 cm 10~20 em 0~10 ¢cm 10~20 em 0~10 ¢cm 10~20 em
NO 100.01+£2.36¢ 88.90+5.54h 8.21+0.63¢ 6.42+0.67¢ 5.40+0.83h 4.64+0.55b
;:OEEE N100 139.65+6.52b 130.14+6.34a 14.55+1.89h 8.91+£0.25b 6.93+0.19a 4.69+0.46b
mulching N250 154.28+4.81a 128.23+6.89a 22.52+1.85a 17.28+1.32a 5.07+£0.21b 4.65+0.26b
N400 161.93+11.23a 131.19+5.63a 10.69+1.19¢ 6.71x1.16¢ 6.63+0.27a 5.75+£0.01a
NO 111.71+3.88¢ 97.73+11.93¢ 10.22+1.34¢ 6.42+1.25h 4.21+0.15d 3.94+0.07b
N N100 146.80+6.78b 120.90+2.61b 14.33+1.30b 9.67+0.75b 5.84+0.02¢ 6.40+0.83a
Film mulching ~ N250 156.99+9.64abh 134.21+5.55a 18.66+1.33a 13.37+1.57a 8.91+0.11a 5.27+0.20a
N400 167.73+4.81a 138.25+4.20a 20.80+3.32a 14.72+3.26a 8.41+0.43b 6.01+£1.02a
AR SRR Source of variance
B Film mulching (F) N.S. N.S. *
JitiZ, N fertilization (N) * ok K ® ok ok * ok K
BEREXA (FxN) NS, .o w N

Film mulchingXN fertilization

T« RN ) 5 BE o Ak TR 0] 22 55 08 3 W 25 MK (P<0.05) o RAEIR N FIIMELIRHEZE (n=3), = # =, = =, * FHIFRIRTE P<

0.001, P<0.01, P<0.05 /K 1 25 B3 NS FREFALE, TH,

Note; different letters in the same column under B or F treatment indicate significant difference at P<0.05. values with means+standard deviation (n

=3). % ® %,

% * and * indicate significant difference at P<0.001, P<0.01 and P<0.05, respectively. N.S. indicates no difference. MBC—microbial

biomass C; MBN-microbial biomass N; MBP—microbial biomass P. The same below.
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N100 N250 £ N40O AL HEXT 0~ 10 em - JZ 0 P i iR
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Table 2 Effects of N fertilization and film mulching on ecological stoichiometry of soil microbial biomass

il A Lt MBC/MBN

WL M AR B LL MBC/MBP

k2L 4 5 Wtk MBN/MBP

b PR
Treatment 0~10 cm 10~20 cm 0~10 cm 10~20 em 0~10 cm 10~20 em
NO 12.23+0.98b 13.94+1.42b 18.87+3.34c 19.38+2.99h 1.55+0.30c 1.41+0.31c
iﬁiﬁ N100 9.68+0.84c 14.61£0.56h 20.18+1.28¢ 27.95+3.54a 2.10+0.30b 1.91+0.17b
mulching N250 6.90+0.79d 7.45:0.73c 30.50+1.97a 27.673.02a 4.4420.30a 3.724£0.31a
N400 15.19+0.76a 19.84+2.47a 24.44+1.67b 22.81+0.99ab 1.61+0.14bc 1.17+0.20c
NO 11.06+1.53a 15.77+4.62a 26.58+1.83a 24.83+3.13ab 2.43+0.28b 1.63+0.29a
Py N100 7.89+0.60b 12.55£0.74ab 25.16+1.23a 19.07£2.09b 3.20£0.23a 1.52+0.10a
Film mulching  N250 10.98+0.34a 10.11+0.85b 17.61+0.88b 25.52+2.04a 1.6120.13c 2.55+0.40a
N400 8.19+1.21b 9.64+1.70b 19.98+0.14b 23.54+4.76ab 2.47+0.36b 2.56+1.01a
75 %S YE Source of variance

FEHE Film mulching (F) s N.S. N.S.

JitiZ, N fertilization (N) * ok K N.S. * ok kK

EH%XBE?E(FXN) k% % % %k EE

Film mulchingXN fertilization

F3 TAEMERMBRALE + BEIRE O L RS R0

Table 3  Effects of N fertilization and film mulching on soil urease and alkaline phosphatase activities

b3 JIREF Urease activity/(mg - g™ - h™") B AR B Alkaline phosphatase activity/(mg - g7' - d™!)
Treatment 0~10 cm 10~20 em 0~10 cm 10~20 ¢m
NO 0.027+0.004¢ 0.021+0.003b 1.23£0.04a 1.28+0.06b
ﬁ%;ﬁ N100 0.031+0.006¢ 0.021+0.005b 1.32+0.08a 1.13£0.03¢
mulching N250 0.042+0.006b 0.034+0.005a 1.29+0.08a 1.35+0.04b
N400 0.065+0.002a 0.025+0.003b 1.37+0.07a 1.46+0.08a
NO 0.029+0.003b 0.028+0.002a 1.29+0.05ab 1.33+0.03h
5 N100 0.029+0.006b 0.025+0.008a 1.46+0.31a 1.32+0.03b
Film mulching ~ N250 0.036+0.005ab 0.027+0.001a 1.24+0.10b 1.43+0.02b
N400 0.040+0.004a 0.026+0.001a 1.49+0.17a 1.61+0.15a

AR SESRIE Source of variance

& Film mulching (F)
Jii%& N fertilization (N)
BBEXTER (FXN)

Film mulchingx N fertilization
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Table 4 Component matrixes, eigen value, and contribution

rate in principal components analysis in soil with or

without film mulching

ANHEIE(B) HEE(F)
W H Items No film mulching Film mulching
F1 F2 F1 F2
WA R MBC 0.896 -0.190  0.958  0.108
kL W & MBN 0.565 -0.721  0.928  0.104
YR BE MBP 0.628  0.545 0.893 -0.174
IR Urease 0.853 -0.012  0.751 -0.289
m@@;@ﬁm 0.458  0.535 0.179  0.963
Alkaline phosphatase
FHFAR Eigenvalue 2454 1.139 3.172 1.063
TETARE % 49.08 2278 6344  21.26
Vanance contnbule rate
BT ETRE %
Cumulative variance 71.86 84.70

contribute rate

RS5 FAEBERSBERFGHTERENAFEIRELTERESSEN

Table 5 Factor scores and comprehensive evaluation analyzed by principal component analysis in soil with or without film mulching

F—FIH 35y

B EMES FS2

LRG3 FS LR RS

b
ik Score of the first principal e Score of the second principal iR Score of cumulative principal Comprehensive
Treatment Rank Rank
component/FS1 component component rank
NO -1.35 4 -0.04 2 -1.04 4
AL N100 -0.20 3 -0.18 3 -0.52 3
No film
. N250 0.92 1 1.41 1 0.97 1
mulching
N400 0.08 2 -0.62 4 -0.12 2
" NO -1.82 4 -0.91 4 -1.63 4
I N100 -0.52 3 -0.25 3 -0.60 3
Film
lehi N250 0.91 1 1.35 1 0.99 1
mulching
N400 0.08 2 0.24 2 0.13 2




551

R B A <l AN RS A7 T R T SR ) i 0 S G A 4 52 i 135

BT RS T X A AR R R B i A T
H—ELEE X T e H S CREERT ] fE
FPR G AR G,

Jite 60T A AR 4 1 AR W e, DT AT O 22 1 9
TEPR A B b S A P R IR SR TS R
JRHBER R VE ™ . 5 Shen 5% 1y 4% B — 3, A AT
RRABEG ABE RS T LMYk &Y
(S TR [ S S e =5 i e o K v A 2
P A A S T F - 4 TP oA LR I B AR, S B E
PEULTE R B SR T, 5 000 AL AR 3 5, DA T 4
InfAE D ) R AR A T3 7 A SR AR
RARR 3t A T A 00t P A R X R i
Tol R Mg R A G |, eI A R AR
— AT RE S 2R A Ok RN R R B R) AR A
Ko ARWEFE R E A 400 kg - hm A - HEAA:
Py A 25 5 R R R REE i AR I XS AL
Vi) HiE s EE S R

- S A W e R EL S B T A A R R
AeJ), S AR MW EWA BRI L, A5
TR i e 2 W 8 2 R SR - R AR
AL (— N 6.13 ~8.45) 12 31X 2 B 50 by |- 43¢
MR A R, AW 5T it 0 5 7B R 3 . 2
FRAR T R s il L, R A4 T, N250
SO PR YRR A LR AN, 2RI IR B E A
FA R, AR T 0 R B M i R A
T N400 Ab 35 i34 A ) 2 flie 2R L o 35 PR AT, 3 I e
MR T AR TR R 54N TR R R A
Lo T LA e A S8 0 A o 2 R A B, A AT i 2
B AT BB AL L2330k 5.6 102 | DRI AR RIS
-4 B TR 1 i AT B AR X R S W e
FC RN ) RO EL S A W R T 5 A B A DG
A0 B, AE R 2 P e s L o T R4 4
T Wk e 28 A BRIl M i P AR g o 7 TR
Jit RGO R e Tl LX) TG 2 R R i i 2R
EHOINT R Wy i, X R Bl AR N
T 3o T TR 1% [ 52 % B 1 ) AV P 2 S5 7R
o R R AR R X R B K
3.2 BRERBERX TR

ARAIF 5T 2 BB ST Ok 05 4 TG B R, X
RFFLED I IR RO RS
(1R B AR (A5 BN B O JIR i 2 11 78 2 1 4 45 g
HORUE, PR S8 IR i 05 1R G B AR A, SR, E
B R P R 5 1T L PR IR S T, A
AIF 5 30 2 ) 78 B S, =5 ok AU el T g 0% 1, 12
PR T 1 1 55 5 = MR 1Y) pH (BB G, i R B

FE S 1 pH (H 12 2 TR, 1l pH B0 T A T 145
@ RS, NI 0 - 58 rh JE AL B Y 5 1 DT 1
B B8 2 A 0 M X S AT AN PR A SRR AR
Fl SR O TR T LA i w2
25 Rt A T F T IR T R R 1 1R il 1) R R
PE, 5835 KPR B AVE D) A K ST eS| i H
TP 22 5 ) DTS 3507 RO0S L 16 14 52 el ) BF 5 285
RA—3, BI)G et s T IR v
WAV, T E AN it R RIAPR it R T L S s ME R AR A
B, E T UL 7 IR - AT A s e LA
Z BT M R AVR 1 it DR AT BB O 7 RS e I
AR T IR R A

R P2 M — X DR 3R 1) 7 A A R A B 25 i 1Y)
HL oM, OGP T LS /R B A F RO, AR5
P R R B P T TR il 127 52 3 R 1 S s ), FLA
R it FH 22 5 v T A Bl TR T 1 R
H It 2 1 T 398 o ) R g X RT BB AR
it FH A DR G AL T 78 /2 W, (R 5 i FH 200
SN K W KR AR ST P 5 R e T 2 A
ABL, Bl ol T ) 5 2 AL 2 B S o it S %) 388 o v
B B AR st Ak B () B Tl R S R
AN AT BESE R TR A 8 i — 5 R T
HHEE PR T AL, S T IR ER, 5
— AR T R A i R LA
T PERE R
3.3 EBEMERLET T EMEDEESES TN

XF - SRR P PR Y 255 VAN R BT AH [R] it A
TR R RS X (R T T S I R TR Y A
fEFLAE . N250>N400>N100>NO, RVt 0 & - 250 kg
« hm A IERA W M R R A it 2RO A BB
AR, MR R R 250 kg« hm A IR
WG S T AUl 400 kg - hm ™ 20 A B i A
Xof AT Wi R Y e A R A R e i R
TS B AR ) O RO, X T e th T
Ji Lo - SR R AR i AR - S A R T
FATUART I e it Ui 250 kg« hm B oK
PRt e, H N250 kg - hm ™ B IR 2 PR R T A
B E T HA AR T LA B IR AT S5
25 AT A 250 kg + hm S % b X EAY it A
K

4 & ik

D) BB BT, IR Yy i B A I
Wit 2 et B4 I B, e Ui = T 250 kg - hm
B, HIEMAE Y R AN E R AR E, B EE



136

T E XA TS

ERVE

WA ERE, HPL 0~ 10 em 2B RS
THEA 250 kg « hm 8N B,

2) MU R SR AE T, SR i 0 e 1

it 47 i it 260 e O 0T 0, U S T 250 kg -
b ™ BT B4 I T PR T R R, IS A A
7 250 kg + hm ™ JE 2 X3 B A9 2L H =, BHA R

T AT B 4 A - SRR AT RS A A
[1] LiuCA, JinSL, Zhou L M, et al. Effects of plastic film mulch

[2]

[10]

[11]

[12]

[13]

[14]
[15]

and tillage on maize productivity and soilparameters[ J]. European
Journal of Agronomy, 2009, 31(4) . 241-249.

Zhou L M, Li F M, Jin S L, et al. How two ridges and the furrow
mulched with plastic film affect soil water, soil temperature and
yield of maize on the semiarid Loess Plateau of China[]J]. Field
Crops Research, 2009, 113(1) . 41-47.

LiY S, Wu L H, Zhao L. M, et al. Influence of continuous plastic
film mulching on yield, water use efficiency and soil properties of
rice fields under non-flooding condition [ J ].Soil & Tillage Re-
search, 2007, 93(2) : 370-378.

Zhou L M, Jin S L, Liu C A, et al. Ridge-furrow and plastic-
mulching tillage enhances maize-soil interactions: Opportunities
and challenges in a semiarid agroecosystem[ J]. Field Crops Re-
search, 2012, 126(1) . 181-188.

Cusack D F, Firestone M K. Changes in microbial community
characteristics and soil organic matter with nitrogen additions in
two tropical forests[ J]. Ecology, 2011, 92(3): 621-632.
R, HORERE o X AR A 2 R R S [ )]
EHEEMR, 2013,33(6) : 269-273.

R R, G T, B T k. R T Ok R E Y R AR
W[ J7.AEZ52FR ,2002,22(04) ; 508-512.

TR AN FREAE AT 8 TS M IR 2R T [ D]
I MR, 2016.
Shen S M, Hart P B S, Powlson D S, et al. The nitrogen cycle in
the broadbalk wheat experiment: 15 N-labelled fertilizer residues
in the soil and in the soil microbial biomass[ J]. Soil Biology & Bi-
ochemistry, 1989, 21(4) . 529-533.
Liu Y, Shi G, Mao L, et al. Direct and indirect influences of 8yr
of nitrogen and phosphorus fertilization on Glomeromycota in an
alpine meadow ecosystem[ J]. New Phytologist, 2012, 194(2) .
523-535.
ZEARYL BRI AL AR, 45 AR Tt NE R LA A Wy i A AL
FROE B AH G R[], WL AR & %4k, 2004, 15(10)
1891-1896.
TR, R, &=, A6 il SR 4% /N2 AR - Bt V%
UML) ], BT, 2008, 19(1) :110-114.
HRAGEA  BObR iR RS FRITAE S e 2 F
P A, 2012,40(11) : 6918-6920.
OCRARA. LBl B KPRk [ M. dEat: Rl Hi Ak, 1986.
TR EROE, S AT, MO AR B AN I AL b X - A AR
WA AW 1], AL K= 74, 2006,37 (4)

s Liik

R[] %8

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[33]

602-606.

S RSO, SRR, S B s R T SR B i
AR ] ] TP A, 2014, (6) : 120-123.

fRERZ, B0 JRR S, . PEAL B 4 ok T R X A A
i/\%ﬁi*ﬁ@k%ﬂf‘tﬂd\iﬁiE’JE‘ i [T]. R,

2014,34(19) ; 5503-5513.

E 0%, IR H A R E G AL SRS E R AL A TR
LT RERIEGE PE 0 [ T]. TR Bl KA F i, 2016,47
(5): 553-558.

Liu Y, Shi G, Mao L, et al. Direct and indirect influences of 8
yr of nitrogen and phosphorus fertilization on Glomeromycota in an
alpine meadow ecosystem[ J]. New Phytologist, 2012, 194(2) .
523-535.

O, R, W2 =, S B A HE A 2R 3 4 3
R Y BT EAALIR RS [T ], K R R R,
2009,23(2) ; 132-137.

Hopkins D W, Shiel R S. Size and activity of soil microbial com-
munities in long-term experimental grassland plots treated with
manure and inorganic fertilizers[ J ]. Biology and Fertility of Soils.
1996, 22(1) ;: 66-70.

BRI i, 4. B e DO ) R ) O =00
R R BB ]] . K LORFRER, 2013,33(6)
62-68.

Wardle D A. Controls of temporal variability of the soil microbial
biomass: A global-scale synthesis[ J]. Soil Biology & Biochemis-
try, 1998, 30(13) : 1627-1637.

ReaK  FEURIK LIRS LSRRG IR OB B 2L W R Y
THE LR BT [T]. M ERFL ke, 2015,30(9) :
1006-1017.

SR, A Y A Wy R I SE vk MR
Z L, 2006.

RS, VP WRE G5 R IR 2 R 0 5 X A F - S
PR PR [ T]. TPV, 2014,32(3)
173-178.

EF I KAR DT, S A R AR A R L S
WERRE W [ J]. S5 R R Al 2012,28 (6)
738-741.

T, EAEBE, SR IHFT, A B R R R i A&
INE LSRR IR MR [ )], T R XCRLAESE, 2016,

34(2): 108-112.

AL, e IR S R R AL LR et ()], &
HErE R, 1984, (1) ; 3-11.

B, RV A SCHE, A5 RIA DL HUAL BCAE T 48 + B A=
YRR ALEHEERSZ [ T]. MY E SR SRR,
2008,14(4) . 700-705.

LI RBCE . TEAEXT AT AR LIS A ML B SR [T ]
BLFAEZS 4R, 2005,16(2) ; 253-256.

Mcandrew D W, Malhi S S. Long-term N fertilization of a solo-

MM JEnt. <

netzic soil ; effects on chemical and biological properties[ J]. Soil
Biology & Biochemistry, 1992, 24(7) : 619-623.

ZEeTh. AU S RO AR A K A FR TR = AR HE R A 52 )
[D]. #  FALARAMAHE R, 2016.



