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Dynamics of soil enzyme activity and N and P content under different
fertilizer rates in maize field with full plastic-film mulching on
double ridges and planting in catchment furrows
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2. College of Agronomy , Gansu Agricultural University , Lanzhou, Gansu 730070, China;
3. Hebei Normal University of Science & Technology , Qinhuangdao, Hebei 066004, China)

Abstract: To further improve maize technical system with full plastic-film mulching on double ridges and planting in
catchment furrows, the field experiment was conducted to determine the dynamic response of the enzyme activity and the
content of N (nitrogen) and P (phosphate) in two soil segments (0 to0 20 em and 20 to 40 em) to different N and P fertil-
izer application rates, using a randomized complete block design with three replications. The results revealed that the ac-
tivity of soil urease, phosphatase and invertase as well as the content of soil available N and available P consistently fol-
lowed a rapid increasing trend during the early growing period of maize. The activity of urease, invertase and catalase and
the content of available N peaked at jointing stage, while the highest value of phosphatase activity and available P content
occurred at tasselling stage. However, the activity of various soil enzymes and the content of N and P declined during the
late growing period. There existed positively significant (P < 0.05) or extremely significant ( P < 0.01) correlations be-
tween urease activity and N and P content as well as between alkaline phosphatase activity and available P content. Inver-
tase activity is positively correlated to available N and P content at significant ( P < 0.035) level. There was no significant
correlation between catalase activity and N and P content, as well as between alkaline phosphatase activity and available

N. In the arid or semiarid areas of northwest China, the optimal fertilizer application rate for maize with full plastic-film
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mulching on double ridges and planting in catchment furrows was N 210 kg*hm ™2 and P,05 168 kg*hm ™2 when the plant

density was 6.75 x 10* plant*hm 2.

Keywords: maize with full plastic-film mulching on double ridges and planting in catchment furrows; fertilizer ap-

plication; enzyme activity; N and P nutrient; dynamic change
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)2, B K /b HAB S K, Sl T AR Kl
386.0 mm(2002—2011 4F) , FEAERE 5—10 H (5
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Table 1  Annual rainfall distribution of research area in 2011

H > Month

1A 2 J] 31 4 5H
Jan. Feb. Mar. Apr. May

6 H 7H 8 H 9H 10 A 1A 12 H
Jun. Jul. Aug. Sep. Oct. Nov. Dec.

F&F i+ Rainfall/mm  3.52 5.32 10.75 8.10 34.78

30.65 41.77 117.86  45.25 8.13 2.71 0.00

K2 RIGHTIEEMFESTR

Table 2 Soil fertility status of research field before sowing

FHEFEAR Soil indicators

TR : —
Soil depth/cm 2R/ (gkg™) 2/ (g kg™) AU/ (gokg™") WA/ (mg-kg™") HRHE/ (mg-kg™") o
Total N Total P oM Available N Available P P
0~20 0.76 0.68 11.26 20.65 8.97 8.21
20 ~ 40 0.65 0.61 9.87 15.38 6.61 8.28

1.3 iRigit

KR 2 I Z LXK BTk, & B sl N
#.P,0s 7 2 R, 6 M F 5354 NPL(N, 0
kg*hm=2;P,05,0 kg+hm~2)  NP2(N, 120 kg*hm™?;

P,05,120 kg* hm~%) \NP3(N, 150 kg*hm~?; P,0s, 150
kg « hm™2), NP4 (N, 180 kg + hm~?; P,0s, 180
kg-hm~=2), NP5 (N, 210 kg * hm~?; P,0s, 210 kg -
hm~2) \NP6 (N, 240 kg* hm~?; P,0s, 240 kg*hm~?),
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BB 1:1, 2L NP1 AR (CK) .
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4 120 em, ¥ 40 cm .80 cm A4 I, FE AL 40 em.,
80 em MY P22 1T, /NZE 1 15 ~ 20 em, KZE ) 10 ~
15 em, TER/NZEAHHEALTE AR I T8 o o b JIEE 7 6 ot
1], FEAEAE R ZE T ], i 2 il B e, 5 22 TR AN
B s B, AR AL A AR S B, BB 200 em JE—+
BT o BRI R —AT K PP 2 R 6.75 x 10* B
shm 2, REHGAR B T 60% 1S AL HE A , 40%
ST BIAERR T BRI B i (4% 20% ) o 3 BEFREY
R HEA . FEAALBEE A 3K, 3L 18 AR
INX o NXTEAR 23.1 m?(3.3 mx 7 m),/NX[E] 5>
HIEE 40 em .60 em FEEE . 10 H 6 HY3k, Frf kb
PRI SR TR , e Ay =Rl — oKk
1.4 MEmMBEAZ*
1.4.1 E2HRE  TEREFET A E R 3
TR VESA BRI  He 5 RURFEIR A R
IRIG/INX 0 ~ 20 em 120 ~ 40 em +J2 +FE, RAEE
W45 )2 AR B35, 5B A Bk AR H) 5 AR
W), e A B F RS ] H A Al K2 E K RAE
F S L I A IR R I L O AT AU R
B 1 A R A S e 20 o Akl B i A A DGR A
1.4.2 WMok LIRS MR &E Bk L
045 L NH; N mg+ g™ ' +(37°C,24 h) i +
SR AR I S SR R W R — ik b AT et
ME, LIS mge g~ ' 4 (37°C, 24 h) Fom ; i A AL Sl

R P e R A I L L 0.1 mol - L
KMnO, ml* g~ ' 42 (25°C, 20 min) 75 ; FEME I I 1E R
F 3,5— KR He ke , LIS mg -
g~ ' (37°C, 24 h)Fom s T IERAR S SO 1 40l
SR PR BRI A B BR AT L k2
1.5 HUELE

FIH Excel B35 56 T 4K B3040 200 15 2 4, )
JH SPSS 20.0 R34 T i 2 TR 56

2 ZER50HT

2.1 AEMEEKFTEENZEGEERTHEEE
HERBEEL
2.1.1 WREgE NP1 PR A ACE T 2

ZEWFE K 0~ 20 em +)2 .20 ~ 40 em + JZ IREGTE
PERFR IR I R 5, Z 05 OB AE %, (1
I 0 ~ 20 em 2 IR 1 52 [0 T 4, 3X AT RE
S T U EORAR R B AL, 3 T IR A AL
YIRS s AR — e R R T
SRIRBEE R, NPS Kb PG I e R 76 T BRI L
FHEERA HE 2 0 AN B, NPS AbFE O ~ 20 em + )2
JORBES P23 5355 1.27.1.65.1.41.0.90 mg- g~ 1Al
0.97 mg-g~ ', bt CK Ab BB &2 T 292, 15% .
83.07% .99.56% .108.31% il 54.61% (P < 0.05);
20~ 40 em + 24355 #] 0.35.1.07.0.93.0.58
mg g 'H10.39 mg-g~ !, b CK BEHE T 87.61% .
115.40% .83.61% .207.22%F1 71.25% (P < 0.05) .
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Fig. 1
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Dynamics of soil urease activity under different fertilizer rates

T AR/ NG TR R A B R] i B B P22 5+ (P < 0.05), Al

Note: Different small letters indicate significant difference among treatments at P <0.05. The same as below.
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Fig.2  Dynamics of soil alkaline phosphatase activity under different fertilizer rates

2.1.2 muviEBEER B TIEBEIREEA BRYE b A
P2 5o DA FH 4 398 52 55 A1, Sl 1 ik
PEBEIRBEHEGPE . A0 2 FoR , AN [A g AE K P T 42 5
W T 0~ 20 em )2 .20 ~ 40 em T Z B
AT eI P 0 (/2% o A E il M S 1), B P 2 AR
PRI AR RN B TR S . ST —E R
AR T AR R T TS R, NP5 AL HLY iR K .
TER I AT I A SR RN DT, NPS Ab R
0~ 20 em 2 TPERERRBHE VE 5> 1A F) 1.52.2.42,
3.18.2.66 mg g~ 'f12.59 mg- g~ ', b CK W E 425
T 66.57% 11.21% .33.16% .25.68% 1 25.05% ( P
<0.05);20 ~ 40 cm - JZ B B 9 T 06 1 40 1) 3k )
1.26.1.60.1.87.1.67.1.46 mg-g~ ", kb CK . &4
T 41.67% .58.91% .45.29% \38.17% F1 57.32% ( P
<0.05),

2.1.3 EAEEE WK 3 PR, ALK T 45
WZEHEEAK 0~ 20 em )2 .20 ~ 40 cm + )2 M
it 115 AR A R S AS A 7], Y375 T 191 0 SR 0
IR 2 A WAL, AT 00 R Tl O P e v, T R B
Zo SR GRERE R AR A 3, S A —
JERRRE B4 1 S B TE 4, HLLA NP5 Ab B
MR B A o AR VA I AT I D R B AN R
NP5 ZE3E 0 ~ 20 em 2 FEWHBETE 120 511532998
49.97.36.92.45.58.25.97 mg- g~ !, b CK B E 5
T 47.80% \24.33% \46.02% .32.31%H1 52.00% ( P
<0.05);20 ~ 40 em 2 FEWEEGIE M2 518 24,01,
38.92.29.98.35.80.21.67 mg- g~ !, kb CK B &
T 64.20% .25.31% .48.82% 37.42% 1 50.46% ( P

<0.05),

2.1.4 FRMAAEE WK 4 PR, ASFRTEIEKET
LB FEEK 0~ 20 em /2 .20 ~40 em 2
o Al U T P FR I A AL R AR e A, SRR
A IR, T 5 72 W R AL, BB SR [
P MBI —E R B T R A S
PE,ALLL NPS A3 R B R, A 1 300 45T S0 Al
1 VSR B, NPS AR FE 0 ~ 20 em + )23 R
A A A 3] 2.42.2.68.2.53.2.39.2.43
ml-g™', [ CK W 35 48 % 7 22. 88% . 13. 38%.
22.73% 21.02% F1 21.79% (P < 0.05) ;20 ~ 40 cm
T JE A E S ik E 2.16.2.58.2. 45,
2.21.2.39 ml- g7 ', b CK B E#E T 31.9%4% .
13.11% .22.28% \21.69% 1 25.24% (P < 0.05) ,
2.2 AEEEKETEENZIBEKRLEEY
2.2.1 MR HE3 AL, ARGEIEKSE T 2
WZEVRHE LK 0~ 20 em £ )2 .20 ~ 40 em 1 )2 0 i
R AR I AR — 0, 7R BT 101 A0 2 1
A IR R, T I R RS . BR
FEER] NP2 40 0 ~ 20 em + 2T A S5 CK
BRI EZTHN, HAh S A P P S T 0
RS oo Hor, NPS Ab 234 i B K, NP4 4b BEEVK
Z R NP6 Ab B, 78 I BT I Atk A L
S BT, NP5 AE 3 0 ~ 20 em 2R A S
P CK B4R T 47.88% .100.34% 43 .95% .
78.53% .65.95% ,20 ~ 40 em 243 CK B F iR
T 68.99% .58.77% .71.11% .50.69% .63.70%
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(P<0.05);NP4 b3 0~ 20 em 1 )20 A S s AL CK B EH S T 1.88%.19.68% . 13.92% .
B CK B E R T 47.08% .84.26% .25.27% . 43.64% .45.35%,20 ~ 40 em /2530t CK B 348
63.87% 43.70% ,20 ~ 40 cm 1JZ53 5L CK WEHE BT 27.11% .43.25% .56.81% .44.45% . 44. 47%
BT 50.92% .38.98% .48.08% .33.32% .49.26% (P <0.05),

(P <0.05) ;NP6 ZbFH 0 ~ 20 em + JZ 0 fift A & &40
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Fig.3  Dynamics of soil invertase activity under different fertilizer rates
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Fig.4 Dynamics of soil catalase activity under different fertilizer rates
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2.2.2 A MR ATIAFERIEACE T 2, 5O ERI R 20 ~ 40 em 1 )2 AL RE
BV FOK T wh o s A I Bk S N BRUT 242 NPS > NP6 > NP4 > NP3 >
TR B T A A R B, TS 2 PR NP2 > NP1 3R] ER A Rl 0 ~ 20 em + /2
P FAENEAL PRI B E PR S T RO SR (P S A E S EMRIT A NPS > NP4 > NP3 > NP6
<0.05), Hri, ## 0~20 em + /2120 ~ 40 em + > NP2 > NP1, Sl 0 ~ 20 em F1 20 ~ 40 em + /258
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WO & B R BRI 14 A NPS > NP4 > NP6 > NP3
> NP2 > NP1, NP5 &b P -+ 398 o 5 il 2 = 3G e e K
B PR ) R A A I 0~ 20 em 1

72.86% .92.78% \49.25% .65.63% ,20 ~ 40 cm 1 )2
UK CK BEHE T 55.49% .109.06% .78.11% .
79.45% 75.45% (P <0.05) .

EH A S ERIR L CK B FRE T 51.58%.,
%3 AEMEKEFLENZHBELT ERERSENDSTN (ng ke ")

Table 3 Dynamics of available N under different fertilizer rates

b T Seedling stage AT Jointing stage I Tasselling stage HES I Filling stage IS Mature stage
Treatment 50 ey 20~40em 0~20em  20~40 em  0~20cm  20~40em  0~20em  20~40 cm  0~20 cm 20 ~40 em
NP1(CK) 43.63e 38.73e 70.58¢ 68.95f 58.68d 40.08f 66.851 58.671 55.68e 42.12f

NP2 45.62¢ 47.95d 90.92d 77.62e 59.62d 50.15¢ 87.62e¢ 59.73e 64.04d 48.67e

NP3 61.48b 50.05¢ 110.95¢ 87.32d 72.11b 55.05d 90.65d 67.32d 72.8lc 55.43d

NP4 64.17a 58.45h 130.05b 95.83c¢ 73.51b 59.35¢ 109.55h 78.22¢ 80.01b 62.87h

NP5 64.52a 65.45a 141.40a 109.47a 84.47a 68.58a 119.35a 88.41a 92.40a 68.95a

NP6 44.45d 49.23¢ 84.47e 98.77b 66.85¢ 62.85h 96.02¢ 84.75b 80.93b 60.85¢

R4 AEBEKFETLENZDEERTEELHIENHTEN (mg-kg™")

Table 4 Dynamics of available P under different fertilizer rates

s T Seedling stage AT Jointing stage ThHE Tasselling stage HESK ) Filling stage ] Mature stage
Treatment 6 70 ¢ 20~40em  0~20cm  20~40em  0~20cm  20~40em  0~20cm  20~40 em  0~20 em 20 ~40 em
NP1(CK) 6.63f 4.83f 7.96f 5.22f 8.3le 7.3le 7.96e 5.45¢ 6.72¢ 5.01f

NP2 7.31e 5.04e 9.52¢ 6.54¢ 10.27d 8.89d 9.06d 6.04d 7.61d 5.6le

NP3 8.55d 5.74d 11.55¢ 7.51d 13.51¢ 9.62¢ 9.99¢ 6.93c¢ 9.39¢ 5.93d

NP4 8.84c 6.19¢ 12.05b 8.61c 14.61b 11.71b 11.02b 7.35b 10.87b 7.37¢

NP5 10.05a 7.51a 13.76a 10.96a 16.02a 13.02a 11.88a 9.78a 11.13a 8.79a

NP6 9.39b 6.79 11.17d 10.39b 13.84c 9.84c¢ 9.8lc 7.45h 9.24¢ 8.04b

2.3 ZEVNZBHA/EXRTEHBAESEBERST 2.3.2 BERLERIHBLSE HERS I, 2B

2.3.1 BEpEESHEMReE mES I, 2N
ZE VA% FOK T MR B PE S 0 A SR B R
HRK(P<0.01), FEMBHSYE SR A S SR D E
IEAHR(P <0.05), 1w e il | ) A (b & 5
B A 2R S A DG AR IR B S 2E /K- (P > 0.05) o HIFH G PEAR B BN K- (P >0.05),

®5 SENZHBEXRTEBEFESTREERFSSEZHNHEXE

Table 5 The correlation coefficient between soil enzyme activity and soil nutrient content

ZEVRRG K A TR I | R TS S A
BEIFMI(P<0.05), 0~20 cm + 2w 12 i
TR 5 U & i A IEAOG (P < 0.01),20
~ 40 cm - JZ ORI S 1 AR A W
IEAHIE(P <0.05) 3o S Ak S B PR 5 o sl 3 o

HiH KA Urease BRPEBSFREE Alkaline phosphatase HEWEG Invertase W E A Catalase

Ttem 0~20 cm 20 ~ 40 cm 0~20 cm 20 ~ 40 cm 0~20 cm 20 ~ 40 cm 0~20cm  20~40 cm
Tf#EA Available N 0.8264" * 0.8086" * 0.6231 0.6241 0.7176" 0.6923" 0.5463 0.4931
PR Available P 0.7344” 0.6264 0.7986" * 0.7598 0.7604" 0.7568" 0.4275 0.3226

e x BEMHF(P<0.03), » » HBEFHZL(P<0.01), Note: * Significant at P <0.05; * * Significant at P <0.01.

TR AR, EIRAE S W R B, oA
ARG T A MG AR T e P B, 2 Ao O K
EA BTSRRI, S o3 AR BT - S A iﬁﬁﬁiﬁ‘@iﬂj‘&“{ht%ﬁzﬁ—ﬁt ZECE R
BAEEEWT . SRR AR DRoea R, s 55 rT R SR v xR
7J<$m{m5¢‘(%ﬂlﬁTiﬁ%ﬁ%ﬁ(%ﬁMﬂi%%l@i%ﬁ FIACR T AW R . BRI, R

3 i 51E
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P PR A KA R o A rh AR A e BE AR X/, X 0
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[ (33351 AR 45 FAE SCHE AR X 0 ~ 20 em 2
20 ~ 40 em )2 2 PP IE M FNRR AR AL RO T
By — PR RS2, HAS [R] 4 J2 i AR fh 45 SR b
FRA KT 5, X SR T R R A e R
R—,

AMFGTLE R FEH , 42 BN 28 10 7 £ oK £ e g ity
T AR R R A 1 o, R IR N T 1 TR
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