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PR AR, [ SRR ] I, A E
P55 45 B IR 5 3 38 IR S8 TR e bt X 3 oK AR X+
WRER N ER s, DA =, 5K
PR K E =R . A m A =i
1 FRSTE
1.1 RIS

IRIRTEZR LTINS X S E R SFR (35°57'36" N,
116°58'37" E), T IERAUNERIE, FEFIHT 0 ~ 20 cm
TIHEAEYLR 1523 gkg, 2K 0.86 gkg', £ 0.97
gkg!, WA 80.58 mg kg, MWLM 37.42 mgkg!,
HR 84.57 mg kg o FRIEHER A/ N — F KA
1.2 IR AR I i i

R ER T 2020 42 6 A, b5 AMAb3E, R abi
EHE 3, BEVLXAHES], DNXHAHR 3 m x 8 m,
FEEE 22 cm, 47HE 60 cm, FHEZ A 75000 £ hm2,
B /NIRRT E 2 m ORIAT o AR T K S A 4R
958, 2020 4F 6 H 15 HHLAIEFN, 9 H 28 HULIK,
FH ()45 B 5 2 b e B T BOAH R] . PR 28 Ry 33 Rk
JRZE (N 46.4%) , BERIER 60 RIERIKRE (N

42.6%, HIACHK 7.38%, WEMECAMIEEA ) |, i
FERBIEAERIRR 55 IR EHK 6 « 4 IRG AL,
HAL PR . AR A e L 1 B
AEMEACE R PO, 120 kg hm2, K,O 120 kg hm2, #
NN o R ES (PO, 12%), SRR AELE ST (K0,
50%).

1.3 MEmMBRGE

131 B3ERESE RN (Ve) | AL
(VT) . B (R6) HERE 5 em 4R
INXPZREE 0 ~ 20 cm B2 1, AE/NXER 3 IREH .
W R ST R AT DK R TR AR YAl SR =
BT UKAR-20 C WA, IFT 1 N8 ikt B v 1
A, - ST M A B 455 A R 1 i Il R DR e T
P, T VES OCHAINY ( HER S Ok ) 2o,
[ PR —3R o AR S X, T AP o
JTCEHTRIE . EETEHLA S (KT R )
FH 0.01 mol L™ ) CaClL, 324 (K 1:10) , &
L NO, =N il NH, "N 25 5 5 % 427 3h i 540
Bril (SEAL, AA3, fEE) M,

* 1 HENXERRERT SR

Table 1  Field plot fertilizer experiment design scheme

A il B

it -a=3 Nitrogen fertilizer Phosphorous fertilizer Potassium fertilizer
Treatment i S - ; i E LK T ; i e i Sl K T ;
et MRE C pgemene EE pegesmeine PR o

(Nkghm?) Type and application way (P,0; kg hm'?) Type and application way (K,0 kg hm2) Type and application way
0 0 0 120 TR, FEAE 120 TR, LA
FP 270 PRE, EHA -1 120 TR, FEAL 120 TR, LN
LFP 216 S SEL AR 120 TR, AT 120 BRIRHT, AL
CRF 270 BEOT PR, JEAL 120 AR, FEAL 120 BRRREN, 20
LCRF 216 BT PR, JEAL 120 SRR, FEA 120 BRRET, FEA

1.3.2 Misket@ARIEH IR/ 3 R
FARGEMA AN TE, T AR

LAIL = BRI (m?)  x B7 4 Hb T AR R
(BR) /207 A (m2)
133 HKRTHRAREE LI, Bk
FEAR 105 °C 27 30 min J5 80 °C HEEfEE, M4
ST,
134 FEAFEFHMREE O T2 BAIR
W=, BEASAEPE/NKR ] 5 oK 347, T I1%
P, I A d B A R R 2R
1.4 HUESH

IR 56 B 23 1% ] Excel 2010 1 DPS 15.10 %k

fF, FIJHI Sigma plot 10.0 BfHE.
2 SRS

2.1 FEIFEAEALEE ST B F oK IR ARESE M RS20
5 NO A Et, FP Al CRF kb -+ 358 b IR S 1A
PATH AR RN B 4 R S 67.6% . 32.4%
1 54.8%; 108.8%. 159.5% F1100% (El 1) . i@
PREZ& D3 20% X451 FEAEH 3 v IR S 1T
LR, (R AT DL 2 R K a2 - 458 g il
W BT B 20% &3 FRAR T oK A B AT
S IR I (R X B - SR R TG
HR . SRMAE AL IR, LCRF Y kG
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PS5 T FPARRE . ARBFFTEREEW], TR
JE R A 2 4 SR DR R, HLRCOT R REAR X £
SRR T o BN 3
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== N0

100 |

80
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D
S

JIRHEE (ug kg ™)
P

[3®)
(=]
T

0

PO RS
FEARVNG TR BN AT BE V2R (P<0.05) o TR,
E 1 AEIEEA IR IR AREEE T
Changes of soil urease activities in different fertilization
treatments

Fig.1

TREIMEAR IR ST B K IR A ER 1T SR B R 1 Y
A0

TEPRCTT . JFAE AN , CRF A + 35
il TR 30 it it 1% 14 %5 FP 43 il 38 Jn 72.9% . 40.9% Fl
58.8% (&1 2) o Il iads i ity 17k 1 %o 323 R 2
Uit 20% FNHC 7 ¥ BERE IS0 209% FYm [0 i 34 2% 53 i
F o BT RRAR IR 209% T i35 AR KRR T AN
FEAEIA - 49 P R R A SR G 1, R X A 1 3
JOR TS 1 TG 35 R ) o 5730 PR 20t 20% 35 1
PRI RS R A SR S 1, (R R AR TR AR
AR WM. R, & E ERAEFB N
LCRF 4b B v 4 38 fiF i 148 J5 g 0 P 359 v F FP AR
ARWFFTEE R R, R G s I P R R A R
Atgis e, ELRC T P ROt PR 2 0 O i B A 2
23 A EHEALENEERTIRESE HEESE
A

TERCTI . FEAEIA RG], FP b P+ g rp g

25 ¢
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Nitrate reductase
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Fig.2 Changes of soil nitrate reductase activities under different
fertilization treatments

A HERSTRE NO 735N 76.7% . 80.6% #i
78.1%; 94.8% . 92.4% F150.6% (K 3) . Bk
NEREI 2 AR B, $em = TR RIEA K
Vo ABFREETREN, KW CRF RS A
TrERKT FPAREE, SRIMTE A & 38 I 2
T FP. MU0 RN b AR A i, fEJTE
WA, LFP Ab3E HiErh R A . AR S
&5 FP AbFE S BIFEAR 9.29% F1 5.3%; 24.5% F1 14.8%,
H 2T CRF, LCRF AbH, e FP AbRE
FHLE, LCRF Abir 388 A . iSRS AR 3
% SR, 76 LCRF b3 rp + 35 5 &
A FP ALFRIE /N 8.8% .
2.4 AEIFEAEALIEX B EARR AT EHFNT
FERTH . FEAEIA RG], FP AR R T
3 0 B8 NO Ak BEBE N 120.8% ., 42.7% F1 35.8%
(E4) . 5¥EEREML, BrEpInee w i
HEXRAEFEMRRTE ., 78TF 4 R 2y,
CRF Ab# b FOK AR R T H K FP 43 513G i 10.9%
13.4%. Wil AL RE W PRI R AR TH, 7k
IR TF e, LCRFAMBEAAR R T H B M|/ T
CRF Zb ¥, 43 5l B PR AIK 14.6% F1 11.0%, SR,
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Fig.3 Changes of soil nitrate nitrogen and ammonium nitrogen contents in different fertilization treatments
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WA LCRF A FEMIAR R T8 5 CRF 25 A 2%
FESCI L AR A Y, LFP A0 FEAR R T 43
B3 FP AR PRFEAR 17.0% F1 10.2% 1 9.1%. 73 4b,
LCRF E KL R T8 S FP AN 22 S AN 0 2%,
H LCRF Ab#E F K B AR 2 T E 4 FP A SRS i
12.2% ., ABFEERERY], A RE 035 1 e 2 TR
ATH,
2.5 A EIMEARLLIEXE Kk, HEREH L ki

FEREERIEE

TEE FOKRTFAEIT, 45 It A0 B A Pk s 350 o 2 v
T N0, HfKFIM K CRF > FP > LCRF > LFP > NO,
A& EA R = T AR (R2) o Jidh,
Jite FH 8N Sk 2538 n 1 2 oK AR AR £, HUit F T
T RAL RO f ol (B 3% . CRF By 1 AR 50 b 3
T FP ALHE, it ZAE 209% X i T AR 8 KOG B 35 5

357
== N0
30 | == FP da
== LFP b
=25 mm CRF T.
o mm LCRF I
-1-6 —
220 -
= b
S 5 c b
H- § d
E20
a
5 q bb,
0

PO JFE)

IR

B4 ATREIFEELENEFRRATESK
Fig4 Changes of plant root dry weight under different
fertilization treatments

M, 534k, CRF M L3814 i & i 3 5 T FP Ab3;
LFP i b3 T8 i fL R 4% FP. LCRF Ab 3 i)
FWEAR . SR, LCRFE AL EERTH R R 5
CRF ol &2 5, HILH FP A 80,

*2 FREIFEBLENE ERERKZIHIREFE

Table 2 Effects of different fertilization treatments on agronomic characteristics of summer maize plants

st FRi(em) LAL Hi A (t hm™2)
Treatment Plant height Dry matter weight
NO 217.38b 322¢ 11.56 d

FP 245.65a 383b 1643 b

LFP 241.24 a 3.68b 14.75¢

CRF 248.17 a 421a 20.32 a

LCRF 24349 a 4.14 ab 18.28 a

TE: FAEURE AR NE FRERR A RS (P<0.05) o T,

26 AEEELEMNEERTERTEMHREZRH
=)

AW LSRR, AT DL A R K
PR TRCE, A m H = at, AR BRI
TR EIE T RORTE R E (£3) . 5 NOAL, FP
FI CRF Ab 24 1) R 5500 T 75 4331 38 0 41.59% Fil
7.3%; 53.1% M1 9.1%., 5 FPAHIL, CRF kb 34E,S
WA S TR T i 2 25 55, (H AR50 3
AT ECF K = 5 FP AR 3. 5 FP AL,
LFP &b P Fkr B0 A% 7.8%, 77 B B WK 11.8%.
SRIMT, 5 FP AHEL, LCRF Ab B AR BRI =1 TC 8.
EER,

3 g

RN X = E - A EEE X
SR, MTARSE BREAL, FEIE T ZACFI R, #
AB A 22 48 R R E i s . R AT &
SRR N IKIERIZS R, TGP RIMER, B,

LEAE R T AL, PEALE B ELIE R, & B
ARNE &, 1A A AL ], DA T 2 e A
RO A = B R AR, (B, BEEPLIR
A= B R R, — O A JE Tt At A 7 R AL
K e —MEE S RN, Wl RR A LS
TR, SEEEP AR T RARL TRAEFR
Wi, MAEHAT TR, BREPARSRME, A
AEN I 2 KRB AR R R EOR, R,
i1 R i = S i B o N B & S B )
T e - 3 P oA 0% 20 4 il A — i K P
AR A 7= B — A E T ], HJE, BT ABETESR
M TR BRIETR O BOE e, rTRE2 HBLATHI A
RPN R, R, 5 BB A PR 2K
PERERUEIR BTG, DL I B TR B A 1 i T A
FUETR, RREEEORE ™ S LA
DRRBURBICHE . AOFTEERRY], A F AL
M AT, IRATEHRSE IR EFERAAL (CRF )
WERE 2 2 TR FRIMIA IR /oK, AR # e
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Table 3  Yield of summer maize and its components in different fertilization treatments
. - BT TR Pt Rk
Treatment Ear ;er hm? Grain number 1000-grain weight Grain ylled Yield increase rate
(per ear) (2) (kg hm2) (%)

NO 71750 a 334.7d 3145b 6387d —56.8

FP 74050 a 473.5b 337.6a 10050 b 0

LFP 72885 a 436.4c 331.7a 8867 ¢ -11.8

CRF 73860 a 5124 a 3432 a 11021 a 9.7
LCRF 72960 a 489.7 ab 340.2 a 10289 ab 2.4

EMEEARETENHIEPESAMBESASE, £
R A EORAR A T AR R, HEE
Yo, HARMHER L, 980 20% ZLALHE (LCRF)
hRe i R AERE I EEPREKTE, WEE
KAERKKEEER, WAMM LR TYRRE S
A CRF LR EFEL, NERAIHZR R E . I,
B 77 42 BENE AN 18 52 90— R Pt A e KA A
KBEHRMTE R, B BEA R & ZAEF SR,
PNIES: R S5 9 =y G e

O it A2 - 8 v () R EOK R RS Z — DRI T i
IR ZIKf# R NH,, Fft—20 A0 NH,' .
PRI, TR 1 %) i 15 A SR IR Wl S AR RS,
HAEAMFFEHE B RN DAL R4 Rt BE T A2 9 R
R 5 EIREGE A, DOTTZE IR 28 (0K A 5 e 4 ik
L, MRS REN, iy PR E SRS A
i, FIRERSE, M S 2 A e, B
FEFRIAC0 R R I I S R, SR
KA, T AR AR AR AR R U I A AR R
F1o AWFTEEREW], CRF I LCRF AbH IR 1E
P55 5 T FP ORI LFP AR, Ry 3k s f Ve A B 1G
NH, Y, UiBHBC 7 45 B AL nT e o 46 = R s
TR E PR Z WK i R Z TR A4, i H S E DXt
RARRBCR R, Hoh, RF5EERY,
iR R PR AN B P 1 I P RS R A i Bl
P HIRIE IR i BRI RS S AL NO>, RS
LV AR i ( Nitrite reductase, NiR ) AL A
% M ( NH,OH) 2 0d B Kb B
( Hydroxylamine reductase, HyR ) i#F— LA R
B NHA AR WA A . fEE ERAERK T ED,
CRF K LCRF A 3 v fif§ 1 30 J5t il 7% 1k 12 2% % T FP
FILFP AbBH, RESEAFAOLESF L3 rh NHA UK, Bisk
TIERUE YIRS, CRIEE B RAR R4 TR R I,
AR T AR R

A A it AT it BE 8 TR R AR W) 0T 37 03 75 SR 19 3l

AUERE, VCECIRI AR SCHE A B HAALRE =2, it P
B 77 42 BRI 3 1ok 4 4 - 2 R K R R,k
DRI, W RAEYEAEE TR R R, (Rt
VEMI R E WML, i BT B s A ise
U = A S AR AR RE . ARFRERM, Bl
REIE 5 ok B F R R MR, IREARRTE,
Jnd b3 A= ¥, H CRF 5 LCRF Ab¥ ] AH 5. L4
TREES . ROLARERE SR I/
HETYR S AR RO R Z—0738, RifE
B, B RIBAL R ok R A R, HEK
Yo, AR, MR TR AR TR AL,
JARTHRE A YIRE, TIE KRG A
PEJEN, H CRF 5 LCRF AbPE[EJCHE2ZE R, ™
WM, BB RERG N R KRR B T-hi
REEEXRE, JFH, 5 CRF ABEAI L LCRF 4
PR FORF=EIEAE, (H2E R AN E . X T sl ]
T A R T e AV R AR R R AT L s kb T
e 2 TR FR TR

4 25

7 PR AL 8 A 4 M R B R, RS Y fy
TIEPEERNESR . ARG E, MR EK
AR R S S b R R A N DR IEE M
PEE TR R AE R LT AL AR iR R,
PET B K IR, IR C T 4 R
PiRE i L 2 E R A BRI AR TR, REE
TR
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Reducing Application of Formula Controlled-release Fertilizers Regulates
Soil Nitrogen Levels to Maintain Summer Maize Yield

REN Han, ZHU Guo-liang", DONG Hao, ZHENG Zheng,

YU Shu-hui, SHI Gui-fang, MU Xiao-ling
(Taian Academy of Agricultural Sciences, Taian 271000, China)

Abstract: [Objective] Reducing application of controlled-release fertilizers can effectively increase soil nitrogen (N)
levels, reduce N input, and reduce environmental pollution. Therefore, the reducing application amount of controlled-
release fertilizers to regulate soil N levels and maintain summer maize yield is of great significance for guiding
scientific fertilization. [Method] Five treatments were set up for no N fertilizer (NO), 100% regular urea (FP), 80%
regular urea (LFP), 100% formulated controlled-release fertilizer (CRF) and 80% formulated controlled-release
fertilizer (LCRF). Soil NH,*-N, NO,™-N, enzyme activities and yield were determined in these treatments. [Result] The
results showed that the mixed application of common urea and controlled-release N fertilizer could not only meet the
nutrient requirements in the early growth period of summer maize, but also significantly increase the contents of NH,*-
N and NO;™-N in the soil during the later growth period of summer maize, and significantly increase the activities of
nitrate reductase and urease in the soil. At the jointing stage, flowering stage and maturity stage, the soil nitrate
reductase activities in the CRF treatment increased by 72.9%, 40.9% and 58.8%, respectively, and the soil urease
activities increased by 24.6%, 95.9% and 29.2%, respectively, compared with the FP treatment. The 20% reduction of
formula controlled-release fertilizer treatment could still maintain the N level in the late growth stage of summer
maize. And the LCRF treatment increased the NH,-N and NO,-N contents in the mature stage soil by 8.8% and
13.9% compared with the FP treatment. The activities of nitrate reductase and urease activities in the LCRF treatment
were higher than those of FP treatment in each growth period, which met the requirements of maize growth and
improved fertilizer utilization rate. [Conclusion] In summary, the formulated controlled-release fertilizer can not only
realize the one-time fertilization to meet the N fertilizer demand of the summer corn growing season, but also
effectively improve the N fertilizer utilization efficiency, so as to realize the weight-loss and high-efficiency
production of summer maize.

Key words: Summer corn; Ammonium Nitrogen; Nitrate nitrogen; Urease; Nitrate reductase
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