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Effects of Fertilization with Subsoiling of Maize and Limited Irrigation of
Wheat on Soil Microbial Biomass Carbon, Nitrogen and Enzymes Activities
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(College of Agronomy, Hebei Agricultural University s State Key
Laboratory of North China Crop Im provement and Regulation s Baoding , Hebei 071000)
Abstract: Wheat-maize double cropping system is the main cropping system in North China Plain. The aims
of the present study were to delineate the responses of soil microbial biomass N (SMBN), soil microbial
biomass C (SMBC) and enzymes activities to different fertilization methods of maize and limited irrigation
treatments of wheat. The split plot experiment design was adopted on the field experiment. The main control
was fertilization methods of maize, F1 (conventional method, 5cm depth of subsoil with sowing) and F2

(application N, P, K fertilizers to designated different soil depth with subsoiling), and the sub-control was
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three irrigation treatments in the growing season of wheat, W0 (no irrigation events after the overwintering
stage) » W1 (irrigation at the jointing stage after overwintering), and W2 (irrigation at jointing and flowering
stages after overwintering). The results showed that: (1) Subsoiling fertilization in maize season was beneficial to
increase the supply of N, P and K, improve soil fertility, and significantly affected the physical and chemical
properties of topsoil in wheat flowering stage. In 0—20 ¢m and 20—40 cm soil layers, soil moisture content
and nitrate nitrogen content of F2W2 treatment were significantly higher than those of other treatments. Soil
water content was affected by F2 and limited irrigation of wheat, and the interaction effect was significant
(p<<0.05). The effect of water treatment on nitrate nitrogen was significantly greater than that of subsoil
fertilization. (2) SMBC and SMBN were not only affected by fertilization of F2, but also limited irrigation of
wheat. Irrigation in wheat growing season significantly increased the contents of SMBC and SMBN in 0—20
cm soil layer, and soil water content had a significant effect, contributing 78.3%. In 20—40 cm soil layer,
the content of SMBC and SMBN were significantly affected by fertilization methods in maize season and
limited irrigation treatment in wheat season, and their interaction had significant effects on the content of
SMBN. The soil water content had significantly effect on the SMBN, contributing 88.9%. The SMBN
content of 0—20 cm under F2W2 was 94.16 mg/kg, which was significantly higher than that of other
treatments(p < 0.05). The SMBN and SMBC contents of 2040 cm under F2W2 were 57.57 mg/kg and
243.77 mg/kg, respectively, which were significantly higher than those of other treatments. SMBC and
SMBN were positively correlated with organic carbon, available potassium and nitrate nitrogen, and had a
significantly positive correlated with soil water content. (3) The activities of soil sucrase and catalase in 0—
20 cm under W2 was the highest, following by W1 and WO, and the differences between different water
treatments were significant. Under the same water management condition in wheat season, the activities of
sucrase and catalase in 0—20 cm soil layer were the highest under F2, which were significantly higher than
that of F1. The activities of soil sucrase, alkaline phosphatase and catalase were positively correlated with the
available K and available Pin 0—20 cm soil layer, while soil sucrase, urease and catalase activities were
positively correlated with soil water content in 0—40 cm soil layer. (4) The yield of wheat under F2W2 was
the highest, and the differences in uptake of total N, P and K were significantly compared with other
treatments. The yield and the uptake of N, P and K were significantly positively correlated with the activities
of sucrase, urease and catalase, and the contents of SMBC and SMBN. Therefore, irrigation at jointing and
flowering stages of wheat combined with maize fertilization with subsoiling could effectively accelerate soil
nutrient activation, improve soil quality and ensure sustainable of soil production.
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2.3.3 ERFRMEMA DN ERAKERSES T L33
BB BB 6 e NI 5 AT LLE Y, 0—20, 20—
40 em 4 J2 T K F A (7 it AR XA /N 22 AN [ 9 UK
Qb BEGE - S B P R R 4 R {H TR
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0—20 em fA7E W M HAEH (p<<0.05), EXKZ
A ] it AR AR 3, 0—20 em )2, - SR B R T 3
ARG R 37.11~64.53 nmol/(g + h), H7E F2W1
AR T H AL B FL AR 5 =, W2 i W
b BT - SR W R S MR WO 43 IR R 48.55 %
M 37.69%, R W E;F2 X T, Wl & W2,
WO &5 21.82% M1 31.16 % ;20—40 cm + )2 F1
HF2 MR =X, W2 T W &b 3 - 358 58 P w1
it 3 PR 43 4 WO Ab B I 3 R R 84.76%0, 70.61%
(F1)F1 46.64 % ,55.81 % (F2) 5 /N4 Z= 4 [a] /K 43 % B
KT ,0—20 cm 1 JEFR W2 ZhBEAM, F2 4b B £
ek v R T M W S T F1;20—40 cm )2,
WO il W1 #EKKFF,F2 4b B G &5 T F1,F2W2
H5FIW2 T EHER.

E 0—20cm 20—40 cm
~ 80 F17.27 F 233
= w218 W 1005 a
- FXW 7.0 FXW 3.0
60 | 5 g2
2 {2
é ~]AB gz
S 40 | ]
# ]
H ]
& 20 | -]
& =]
& - - : =
ﬁ O = 1 1 = 1 1 1 = J
= FIW0 FIW1 F1W2 F2W0 F2W1 F2w2

i
Bs5 EXFEREHBEEXMNEZRAKEREET
T i M R E R
2.3.4 EREFFREMGEIET D ERKERSHE T L3E

SR ABERG Y MWK 6 TUEH, FAER
I Jti AEASE X/ INAE Z AN [ K K S — 35 58 AR X 4%
+ )2 8T A AR A R (p<<0.05) .1 H. 2 4>+
J2 A A AL AU TG YO8 F2W2 4b BB, W
FIHAANFE . FE K ZAH Rt AL 44 F .0—20,20—

40 em + )2 2% Ak B 3 5 AL S G M R IR
W2>W1>Wo, H 2 53k 8 E K s 76 /0 & ZE M Rl 7K
G RRSRAER L 45 )2 S AL S P X TE F2 Ab B
TikE . B #Em T Fl, 28 B30, /N2 T A6 0 3
2 IKALFET , K ZR TR 43 )2 it B AH LE T8 R0 AT 38 A7
AT gaE R A A F YR,

0 0—20cm 20—40 cm

F 266.0° F 55744.4°
~ 50 w 261.7° W 50364.5
“en FXW 8.0° FXW 7245.2° b a
- d 2 c d =B [12
o 40 | il [ — = V7]
) 55 [ 7] o ] [
(=] iy - - -1 | - |
€30 FfAF [HE 7 [ [
S 7 4 ] A = ]
# 20 F [ = F-] = B =
E s 2 = 11 = -]
w0 TH ] B = N ]
ﬁ - 1 :::: 1 B 1 [ 1 ::: 1 [ ]
w0 -
82} FIW0 FIWl FIwW2 F2W0 F2W1 F2w2

i 8
6 EXEFEMIEERNFNERKERZHET
TESRESEFEE

2.4 TEEBEUHSTEEAEROELE

T K Zo A T it A A X /N 22 2 K [ B K KSR
- M S PR A A B AL PR S R S [ A DG OG
R(E2), 020 cm £ 2 1 50 I AT A L S
TR 5 K R A A RO | AL A
FIEMHXXR M HEESATEMXEARE;
A IR K R ALK S AR O, S Ay R
IBE R TG b 2R OG5 T S el ol 1R O 1k 5 L R
RO A AR R AR OC, 5 AR R
T EMIK, 20—40 ecm +)2,4 Fp HIEREFE M S +
B A oK A E A OC, 5 HAR IR T
FHIG . H R T U, 4 35 oK R i A il O AR A
MELEHER.

R2 IEEANRSBEENEXRY

T 2WE/em it 1 M 46 AR BK AR A A g R EERVIR S
- S HE A il 0.794"" 0.307 0.573" 0.682" " 0.645"" 0.452
020 -+ 5K Al 0.601" 0.446 0.372 0.189 0.311 0.608" "
- S W R 0.340 0.215 0.136 0.706" " 0.778" " 0.088
+ 3 i AL A 0.842"" 0.453 0.522" 0.687 " 0.689" " 0.504"
- P A 0.791" " 0.203 0.088 0.445 0.122 0.334
2010 & 15 R Al 0.828" " 0.185 0.037 0.145 —0.205 0.242
A SR W R 0.688 0.072 —0.231 0.168 —0.118 —0.001
4 3 i 4R AL A 0.889" " 0.155 0.072 0.110 0.160 0.233

e % x RIRTE 0.01 ZKF CRUID B FAE ; » FIRTE 0.05 KFORMD BB FHKE, TR,

25 TEREMEMER. RS LHEELERKENE
x M

RDA G347 ] DL REAS FLER G R s R AE [R]— A4~ —

HEHERE L T AL RS o A RER 85 [R5 8] ) 5

%, i3 AML0—20,20—40 em + 2 HIEREE N T
XoF A i VR 25 i RN BT R R/ NHE S A3
SR B 7K > SRR = e A R > DU > S AR R
IR SR > S 7S R LB e S R R



352 K PR R

o536 4%

HE—2B T 020 em 12 IR ALPE B 43 1%
WA R R R RER IR 75,000, HoR AR 1 Rhid R
R 73.00 %6 55 2 BFERER R 2.00 % , T IER A Y ik .
RS KR S A A S AR | R A
Bk & B R IEAZE ;2040 cm + 2, HEEFREE 7 X
A W2k i e R R TR R SR R34 92.94 06,56 1 Hili ik e
R 87.8200 .55 2 MR R 5,120, TIERUE YRR,
A S KR A LR R R S R R B 5
HRE A S A R (D BRI 020,20
40 em 2 FHEE K G5 A Py it e AR A B3 E A
% KTk R A B 78.30%6,86.30% ., HI ML F R, A
KR - e L e R AR B R,

S E ;
— ! 0 F2W0_3
F2WLL ! o rawo 2
(a) 0—20 cm ' © -
T " FIW1 1
[o]
F2W2 3
o~
S SMBN
<
K e I
4 SMBC o
< S F2W2 F2wW1_2 FIW0_1
2 Fiw2_1° o FIW1 3 o
HKE FIwW2 3 o FIW0_2
° F2W0_1
[o]
FIW1_2
FIW2 2 v
ER > F1WO 3
<
—I‘ ml L 1 1 L
-1.0 1.0

RDA1(73.0%)

®3 XEXEMEFEFTER

+2 THEEE O ERE/ TR/ v
- »
W /cm Lo % %
ok 58.8 78.3 22.8  0.002
A 14.2 19.0 7.9 0.002
0—20 AR 1.5 2.0 0.8  0.388
A WLk 0.5 0.6 0.3 0.700
TR <0.1 <0.1 <0.1 0.982
FoK 80.2 86.3 64.8  0.002
TR 4.0 4.3 3.8 0.028
HEA 3.5 3.8 57 0.016
20—140 e
AR 2.0 2.1 2.0 0.156
A Pk 2.8 3.0 3.3 0.064
TR 0.4 0.5 0.7  0.512
©
= F1W2_1
(b) 20—40 cm
B FIW1 2 -
o : o F2WI_1
—_ F2W0 2 o . SMBC
§ FIW2 2
N O FIW0 3o 0. 7.
51 F1W0_2 OF1WI_3
< - oF2
a F2W0_3
~ O F,
F1W1_1
(o] '
FIW0_1 #%&%;
=)
- b 1 i 1 1
-1.0 1.0

RDA1(87.82%)

B7 0—20,20—40 cm T EEHVERS T EREVEDER AN RSN

2.6 FERFRHFEARNERAKETI/NZF=EH

FOBEHENRM

13 4 nHL S R A B /N 7 R R Y
A RFNEZE R (p<<0.05) , HFEARFA[RMEACALA X /N A
AN RIE K K - 19 28 A HIXRFRL 20 3R A28 025 51 R
5 R A R XRERL B BT R A LD A R
SENE (p<20.01) , X /INAZ 7 o I ZE Il B R 48 1 i 0
FHRW, TEFKZE A RS, W2 A /N 7
BEET W05 W1 225 0E /N R [F]— K KF

T F2 AbE Y T FLAH 28 558 83 kL 37 0
R AIZE A L F2W2 AR R B B .
Srk 268.20,53.30,39.90,266.40 kg/hm?, I & &
THABAN . 7F ERZFER L (FO AT, W2 4k
R FRh R Y B E ST W1 R Wo, /g
Z[a] —REK (W2 KT L F2 AL B 3 5 T F1; 220t
R BRI EE FoW2 4B F s . HYS F2W1 4k
FROC 225, Mtk nl W, F2W2 A0 AT i 2 45 5 /N
& F o WWCRE TT AR AR T R R

R4 AEAVEBEEETENEZSIEHE HA kg/hm?
e . KPR FE o 5 i ZEM SR R
N P K N P K

Wo 7258.00¢ 148.10be 15.30d 16.30c 20.20b 1.60d 79.90d

Fl Wl 8580.70bc 167.00bc 21.70cd 21.00bc 26.90b 2.70¢ 132.00¢
w2 10035.70ab 177.70b 24.20bc 23.30bc 28.00b 4.00b 148.30c

Wo 8025.10¢ 116.90c¢ 16.00cd 16.60c 28.70b 3.50bc 129.70¢

F2 Wl 9786.20ab 181.70b 30.50b 27.20b 54.90a 5.80a 207.10b
w2 10582.10a 268.20a 53.30a 39.90a 54.60a 6.10a 266.40a
F1{H 4.50" 3.00ns 34.60" " 17.80° " 74.20" " 74.30" " 59.80" "
W 15.30" " 13.50" " 37.44"" 23.00" " 20.80" " 30.90" " 32.70" "
FXW 0.20ns 6.20" 14.90" 6.90" " 6.60" 1.80ns 3.60ns

T R 2R 2 v R RS
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27 TERMEMERENEEESNEFENRES
HHEMEXME
AN TA) Ak BN 7 MRy 8 H R S
AP ik RS VI (R 5, 0—20 em
JE/NEE 7R MR 4 R e RO L DR | i S
e U T 1 R ol e L SR 2 A O R R R

5, - SR B R R R g A 48 R S R R G
ETEW 3 2 552040 cm )2, /NE =B M 3R #
R 5 S O MR R R 2 i
FAEAE. USRI A R0 K 4 e AE A B O S
T B A HE L W o e R A B8 R 4 o A OG- il
I P S DT A1 E 3% 43 B8 JORURT R 37 43 WO

RS FENMFABHESTERMEMERARUEBEENEXXER

TR /em B ER RHEFR MM BUEWRR THE A i JiR 1t GRPEBEIREE O AL A
ey 0.751"" 0.757" " 0.800" " 0.551" 0.566" 0.813""
BT N 0.710" " 0.756" " 0.673" " 0.707" " 0.168 0.770" "
A
5 141 B P 0.656"" 0.882"" 0.789" " 0.707"" 0.314 0.888""
FRRREEEN
0—20 K 0.696" " 0.864" " 0.773"" 0.724"" 0.357 0.888" "
£ 4 N 0.540" 0.762" " 0.728" " 0.657"" 0.644" " 0.848" "
=
5 41 B P 0.570" 0.849" " 0.849"" 0.572" 0.707"" 0.912""
FRRRREEN
K 0.640" " 0.913" " 0.813"" 0.710" " 0.585" 0.934""
;e 0.776" " 0.608" " 0.729" " 0.772" " 0.758" " 0.805" "
BT A N 0.724" " 0.755" " 0.637" " 0.675" " 0.534" 0.624" "
A
5 41 Bt P 0.844" " 0.894" " 0.786" " 0.740" " 0.621"" 0.754""
g H
20—40 K 0.835" " 0.845" " 0.755" " 0.731"" 0.645" " 0.757""
PN N 0.728" " 0.718"" 0.804"" 0.665"" 0.687"" 0.782""
=
0 10 B P 0.817" " 0.761" " 0.848" " 0.840" " 0.781"" 0.903" "
g H
K 0.857" " 0.836" " 0.825" " 0.764" " 0.735"" 0.840" "
3 i WIBE ST, IR BRFE T F T K B 0 R

TR A K R B R A A T )
Yt HLEA 5 25 S 32 R ) - A IR O L - e il
T PR RN A W B TR A . A e gE ) R R ] £
Ay 3 e A PR U . AR
Xof T oK 2 AN (] it A A RN 22 2 O[] 9 7K 7K S X6 - 3
TR 5 1) 5 i 435 B2 B, 0—20,20—40 cm T2 4%
B 7KL A R 4 32 AKOK T Rt A =X i 26 [ 5
i, B89 B0k F2W2 Ab B 2 v T Ho A Ab B, 7F ok &
[Fi) — it A 2% A2 T 22 FH 5 K i o T T vk 5 14
3G 3 55 HE MG 451 A I 9 25 SR A — B, LA 7E
W2 HEAKAKE T s 44T B 7 i 4 Ak B 42 T, A OG
TS B L K 43 Wy 38 38 3 5 AR AR FR 4 I B
B LA BAE GG 7 ) A W i Ay G L F T 5 ) -
BLA it , 38 40 VE R BB A% 5 35 it i A BB B A
F I KR X S A IR 5T 25 A — B ARSI L
HEW . NES W2 R BT NE e — F oKk
Zo VRN 3 J22 it S A 0t A k4 v Rk R AT
BILAB | A 25 0l 5 o, X 5 e A b
- BRI R AG FEA BL TK R it A T A Rk
R AR IR BE S AT ALK )2 TEA R 3 L1
LT AL g 55 KA B K K IR 2 it
JIES T R I 3 4y, DT S 3R A 3 1 3 K AR

BT R B W R Ay BRI IE 1Y )5 AT A A
HER HEAE YA 4 A A A R
ROPETE W1 ZHF 2 & T W2, H B A] ge 2 By
K v R e AR R B, W pH R R AR
Ji F A 5, T 5 ) g OO &, X5 ) e K
S AR KR D T AR A

A Y A AR S A BIL P R Ok 3 BR
B 5y . 25 1 HEFR 4016 0 0 HEAH HLTE 9 55 46, X
IR AR Ak AR R BUER BE A B R et 4 T AR
B AR AT R W, oK B[R] it AR AR X N 2 Z R
[V A K X 22 B+ et A o A W ik VR B
S L 7E B K ZE R — M RN, IR kR
FRAE 0—20,20—40 e +EZIREH RN W2 >
W1>Wo, H W2 1 W1 &b ¥ B 2% & T Wo, i1
FE/INZZ S B K T A SR TH U E R L X
5B G g RAA L. /N TR HE KK
ST A K ZE VR it A A8 B AT T A kA v A
A RS R, BRI, RIERANA B Tk
- A PR 25 4 8 v A K G RN 3R Y L TR )2 il
AR T SR A O, R AR S IR Y i
T 0BG I6 13X 45 R HRLER T A A 5 285 SR A — B

TSRS A S v S A ) ) A
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o536 4%

TR 53 o FLTE P S e 1 48 e 25 A A Ak R 0 3 R Y 5
JER 7 1), PR R O A R ) Y L AR —
AW 5T 22 B L K 2 [ it B AR =X AN 22 20K ] i K
IR X 22 A S M R AR R . 7E B oK R R — il
REIK ST W2 A4b 3R 4% )2 4 39 08 b L UK A0 2
AALARG G M B R m T Wo Ml WL, X 5 ke
E g BT T A R — B BN R
— KK TF .0—20,20—40 em + 2R, F2 kb3
%) - S TR i L R T T R A Sk S T M S
T FLL DTG W R 8 43 J2 it 2 A6 R T 44 s 1 3 il
W XS FEEE S R EA -, HE
e & B0, + HE O M R B AF F2W 1 &b 38R 3F
S 1o D R AT R 2 PR S A R K A A Bl TR n - g
RSO B it AT 42 oo Bl P B R NG M A R
Kk R B T B S BRI e
2 it v M 5 2 P AR AR IR SE AN RDK 4 S A Xt
6 Tl TR A 045 M 190 5 ) 45 SR A — 3

ARSI R, R Y AR R
PEXT A 3 R 55 PR 00 28 Ab 45 A Rk S T S R RN R B
Yo HAG A . ARBESE AL, & )2 R
Ytk RS TS KR A LR A A A RO
HEIEMG, X2l T LAY LKA LY
Ak g AT B A T B 33 43, Hob R Wy s o2 A
Ui ) R~ F, 5 13 CONLP %35 1k
WYUIAOC I e A #F 1 S 57 23 9 A Rk PRI B )
S AT A Ry R HE SR IR B 8 AR . IR B
FENF B K 4y T 38 S R e A AR R S W
BT 5% ) 4 S A ML A 5 15, DA T 00 o) b B s A W i
i RO ARV g kB, e E R R 8 T B v
AL i, M R RUE Y L S AR R i
FELE A — B, AN AR E R RN ,0—20 em +)2
- SRR I B AT I A S A T L AR R AL
BEAEER 5 IEAHOCOC 2R, EME I ] A R 2 i -3 rb Ay
BILIBT 53l o0 2 Ak JHG 39 M v I e RO 1) % 1 MR
AR, Yt S L SR T ek R ) A
FIVE T A H e sk A5 S A ol e ) 2 A P 52 e i 4
TS mE G Y . & B S KRS R Ik
it 0 3ok A AL UM Y 2 B B B A OCOC R
FEFE JIRRD MR RM R Adhg
AN $ N G SERTE LR Y e 9 i AU
AL ST X S A I S5 R R BT AN ], AT RE S
K A3 38 T A 3 S P AN (R4 4 o 2 KA [
TE R B T P A (AR B 4 1 ) A TR i S

FROE [ G Y R B, IR 5 R R

b RE A BTG M Sz ke B Y SR IR RE T . A B K

B ,0—20,20—40 cm )2 1 58 FEBE A DR A L0 A A

WS PRI AE M Rk R NE R SR 4

500 RO TR AR OGO T A RN - S

A LA AL A S al g R T 3% 40 A M ek 5+

e C NP S350 AL B UIAH O, JF s fe it L3R 1

HRAE™ . AR GEACY AR T RS

BRI AIEIA S e 4 AR AR AR R X R A

W5 1) ] B A A A o R o 3 e 6 4 R

R R 53 W T AR S A 48 il % B o A 38 e

PRI S V0 33 4 485 8 B ey A A T i R A

Yy i RN, X 5 A 45 R A — 2

4 #i i
(1) S0 A= W & i, AL ) I 52 R A8 it IS i

IR AL B 5 5, b SBMIN 52 3 28 AR T 50

F., 020 cm 1J2 /N ZEE KA B (WL, W2) AT I 3

$2r SMBC #1 SMBN % &, H F2W2 231 SMBN,

SMBC & 55 . 73914 94.16,355.12 mg/ kg, 5 H 1

KL GHUSCRR 2 G2 E A O o E A LIRS K

MW, 53 Wk R A 78.30%, 20—40 em + )2, F2W2 4P T

SMBN Fil SMBC % #& 43 J) ky 57.57,243.77 mg/kg, b 3%

e T HAAN L, 5 S K R A HLAR 2 3 E A K

F o, K TTER R = Ik 86.30 %0,

(2) EARZFEMFFEIL ST ,0—-20 em £ )24 A0
RO A o A SR TG PR R W2 W1 WO,
H 225 03 /N AR TRDK 73 4 B2 ,0—20 em +
J2 - SRR o A A S B TE A F2 A T
F1;0—20 em )2 30 6 | o 1 il 198 16 A o 40Tk =
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S+ HERE PR AR A BN R

(3)F2W2 AbH/INAZ 7= i foe - H AR50 45 10 £ W
F T A AL B, /N B R SR Sy 4 R S R
filg R L2t E AL RS YRR R A SRR
ITE IR ETE Y PN
CE e
(1] Shibges, Faik, B9 20, 4 KO0 e X ok = &+

S T80 A T R O B R (). A 252 . 201232

(17):5502-5511.
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AL B W T O A 0 i (). 79 b b 2 B 2
#%.2019,34(2) :56-61.
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