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Abstract

Objectives: This study aimed to improve the scientific fertilization level of maize and to explore the
most suitable slow/controlled release fertilizer conditions for maize production in central Shan-
dong. Methods: The maize was treated using five methods of fertilizer application: blank control
(CK), conventional fertilization (T1), formula fertilization (T2), resin-coated slow/controlled release
fertilizer (T3) and urea formaldehyde slow/controlled release fertilizer (T4). The indexes of biolog-
ical characters, yield and economic benefits of maize were analyzed after the experiment. Result:
Under the conditions of the experimental sites, compared with conventional fertilization and for-
mula fertilization, the biological characters of maize treated with slow-release fertilizer were as fol-
lows: the number of roots increased, the leaf functional period was prolonged, the plant was vigo-
rously growing, the fruit grains were plump without bald tips, and the stress resistance was strong.
It had a significant effect on improving corn yield, economic benefits and fertilizer utilization, and
the various effect indicators of urea formaldehyde slow/controlled release fertilizer were better
than those of resin coated slow and controlled release fertilizer. The maximum number of grains per
ear was 570.73, the maximum thousand-grain weight was 317.75 g, the maximum yield was
10218.70 kg/hm?, the maximum output value was 27590.49 yuan/hm?, the output-to-input ratio
was 5.36, and the maximum fertilizer partial productivity was 42.52. Conclusion: It is recommended
to use urea formaldehyde slow/release fertilizer under the maize planting test plot in central Shan-
dong, which can effectively increase the yield of maize, and at the same time obtain the maximum
economic and ecological benefits. The recommended fertilization ratio (in pure form) is the annual
application of nitrogen fertilizer 156.30 kg/hm?, phosphate fertilizer 30.00 kg/hm?, potassium ferti-
lizer 54.00 kg/hm?. Under this fertilization mode, one-time fertilization of maize in central Shandong
can be achieved, saving fertilizer and increasing efficiency, which is beneficial to the healthy, green
and sustainable development of maize production in central Shandong.
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1. 51§

FORERH. M. AT HSERET &, ERE=SREEYHMETRRK. S-EkK
ZHREEYN, BTHPES, TIEEK, HECHRAEE KB EEFE2]. RGN
WX /N - FOREAEM AR, RIE FRMRAEF KB . 2021 45, ILARZ T FRFRH N
171.16 JiT, G775 75.86 JiM, YR W & 6647.72 kg, Bl X R X 8 B A R s T . A
TS S NS5, 63 X KR 5 04 NS ALE i, SEARS M E B R A, SRR, BER
T, B FEAREFBRIR S ML XK R B B e A PRIE K R,
FoRA B EWFTEMEALE, (HIEEHAAE, R TRy, mEFRAEKMEREZ W, FriEAeehik e
FEEE, AT AN IR0 BERL S IR AR SR AE SRR R F1[3]. TR RRAE B IR AU K H A e
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PR, ADIRELZ 1 Ui FH e BE I VR TE A AL B AN I 0 TR SR Is A, T AR G bt e _E3k (7] 4]
2R 0 4 A M (PO P 9 Je ik ] 7tk 530 Bl A ARG A e, T 20 4D 70 ARARWTIHFF AR I 70 N DA B
I R e 5 R P B FBDRE IR B e SRR [5], H AT FR I (R 98 8 ZEAE R 7E AR R A AR |, 3 Bt
S A R A0 25 20 4y SEI TR A I R T (4], KERF TR, S ERZAM L, B
ATk 10%~30% 1t Ui, (Rl ATk B AR = Bl = AR R [6] [7]. ZEBEET R, ZREIEESR
BB JRZ BRI 2.8%~33.0%, ZAEFIH AT 9.61%~27.61% [8]. FHACHEMHARY, F K%
FH R AN 8 UL 2 DOt AR L, 7= S AN EUE R 225 il $2 5 4.88%A11 2.95% [9]. Wit ARAFHESEHT
FERW, R TORARIE FORAEF A R D 2000 %0 & 10— UM R i G 15 R 2% S8R0 M) it e
T, SfESit e AL, BB WA 7 B R 42 i 33.85%F1 17.47% [10] [11]. BAlth, @ik ToKGHERE
REREXT TR A K AR BRI R E A . K IIIE S R, A K AR T8, 2 ROk
BN A RKET AN F2 0 AN R 5 3K, B B RORE TR R 5 B 428 3808 7R 0 R T A [12] [13], AT B8 ff M R
UE T KA AL P2 1P B ke e, IR AR R EREAE A, 35774 RIF A Br s A AE B33 .
ARIGH 70 H IAE T8I FOREHE R AR S 0 MU AR . e 7 e AEAE LU, A TR FOR AR 2= IR
PR AT R ERRCE, RRBESETHX KA HEERIE TR, ki &, R
FRMAF G, W ESIHEIE S, DN T KR B AR 0 & B A 72 R R 2R I8 A

2. M5 %
2.1, LSRR

A YR BB AR LR AR i 1 AR 5 B BRSO S . IR B b £ R
g VI, ORPERFATLF, MR, FERAONE/NE - R IOKEME[14]. AR4F 10 A EABIREE 6
FNENZREE W, 6 A3 9 A TR E TOKMAE . bk L5570 B UL FE AR WA 1

Table 1. Soil nutrient content of test plot

1 AR TIRFSDE

KL% (g/kg) A% (9/k) £ %1% (mg/kg) THERAT (mo/kg) pH
23.7 1.487 16 185 7.9

2.2. AR

P B AR, PO AR 958, FRiiaREr . L IER A E S A IE(N:P,0s:K,0 = 15:15:15), AL
77 BE(N:P,0s:K,0 = 18:12:10), IR FF % 2242 B I (N:P,05:K,0 = 26:5:9) 341 J 4 K AEME A 77 e I A s 475 B
JE(N:P,O5:K,0 = 26:5:9) Ay 1L R 5 R AL T AL A BR A = A2 72

2.3. Rt

RIGFL 5 AN, 3KEE, NXIM 67.5 m®, U 1 AMEEAXE, 4 D2EE WL LS R
gl 45—y 240.30 kg/hm? FUTGAEALFE . FHorp, XHIEACFE CK NS X IR T1 s AUt AR AL EE, it i 38
2 A B (15-15-15) 534 kg/hm?; T2 SARC 5 MEAEALEE, it F Fic )5 AE(18-12-10) 600.75 kg/hm?; T3 AZ2i AT
ABFE, i FH R I I 22 12 PR IE(26-5-9) 600.75 kg/hm?; T4 NZE4soB AL B, it I FIR FP I 2-45R I (26-5-9)
600.75 kg/hm?; 2021 4F 6 H 21 HiREGHEAE, 6 H 22 H¥&F, 9 A 17 HEH47FHE >, 10 A 8 Hiksk
HURE, AR HAhGEK. 5 s A S5 8 B it IR A ok o S35t A o U, BRI ML IX 40
Wi, ST R0 2.

DOI: 10.12677/hjas.2022.128103 724 b k=


https://doi.org/10.12677/hjas.2022.128103

PURS R

Table 2. Calculation of slow/controlled release fertilizer test plan
2 ZEBREARSRITER

AR 740 FH 2 (kg/hm?)
G5 A H /NX it IR FH 2 (ko)
N P,Os K,O RFE
CK N 0 0 0 0 0
T1 AT 80.10 80.10 80.10 240.30 3.60
T2 fic /5 Jite A 108.15 72.15 60.00 240.30 4.05
T3 i M 2 4 R IR 156.30 30.00 54.00 240.30 4.05
T4 JUR i 4 R 156.30 30.00 54.00 240.30 4.05

24. BmRESNE

I RERT, SRHE 0~20 om BHE L3, ML = WU I E LIRA N . 2% AR, &
AT pH [16]0 BN/ XEHCA ARPE R B R MER 10 PR, 78 SR i e Sl g Fe A 2 kst
TS, AL TORWCRIIEEAT TR oAby e D 32 HH T, 2%/ N DXSGEREURE, B it

2.5. BIEALTR

KH WPS Giit-%d, dps $4m A ERAHRT 3414 H RSG5 5od 0 0 B R G A AT S 4y
B SR /I S5 35 1 229 (LSR-SSR)#E 4T 2 M 2 25 0 #r

LSR-SSR R —41 k P8t REVNHESIG, AR BT HL B PN AL BR800 22 80 ) e 2 4
ZEWE, WRHLASHE > LSR,, BUNTE a KF EEREE: k2, WEa/KFEEFARE. HARE
PN LSR, =SExSSR, », SE=4/SS./n . i, LSR, Af/NEENZE: SE NbrfEZ: SSR,p AMRZEHF
BB A%, ATRIE SSR 3% 2<P <k, P NFEIREE, k MALHEEL.

3. ZER55Hh
3.1 EREEREEMFERARME

FE TR v 5 SN Y EEAT AR A MRS, AR N RS0 8, CK (38 F ) R BN R A&
KRN, IRAHESS, MR RKE[14], FIEHIKBEES, RICHRRMPAILG . T1 (FREAL). T2 (i
JrHEAL) T3 (WA G242 REAE) A T4 (R R 2245 FE L) 5 CKOAH B R A ik, AR AR IE, il
2, RSCHFPR EE B . JCHBL T3 (W IR E IR SR I B L) M T4 (IR PP 2 12 B A ) #4191 B AR 2 0
IEEHR, WA RO L R, THREMIAE K [17], hE IS HE A, SRR, TRRIAR,
PU I e 5

3.2. EXREEREN~EABERR BN

3.2.1. EREEFEREREA TR ERFI

H FH AL Bt ] 1 W] AR Y, TI-T4 TiAE A B Ak 5 CK MtE AR B2 % %, JRH T3~-T4 42
PR NE b P25 0 75t AL A U NS AL BEAH L iR BN 2 R 2, T4 IR T e G247 R I A 2 F) Aoy £ i
%, P9 57073 Ki, HUCH T3 WIECIREISRLALEE, ~F#47y 563.33 K. UiWIZIS RN RENS S =
FEORLES, LR A R IS T KRR B A 52 K T I B I 2 kR AT
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Figure 1. The effect of slow/controlled release fertilizer on the number of maize ears
Bl 1. ZERAEX ERTER

HENZMERE 2 iTUEH, TI~-T4 BEAEN TR ES CK AHLEFEEZS, HRB/MKIR
9 T4>T3>T2>T1>CK, 404K 317.75 g 315.11 g, 304.09 g. 297.92 g Hl 266.60 g. T3~T4 4R E
ACFER S TL WU AR AL PR R 22 S e 2, H T4 IR BRI EE S T2 B 7 it Al Ab PR AR B9 Bl I
EXE. HITTLLE W, SRR FRM TR EA 0,  HIR F 245 B HE XS R OK TR 35 R 52 i 22 K

T RS2 4 B AL
be ab a
T1 T2 T3 T4

Rt A A 2 75 2K

Figure 2. The effect of slow/controlled release fertilizer on thousand kernel weight of maize
2. BERBRENERTRESN
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3.2.2. BREZRE BRI

MR 3 EANFEME R UEH, TR EHRENIKIR AN T4>T3>T2>T1>CK, K4 H
/R E W 7215 (LSR-SSR)HEAT 5 22 43 M il A H 45 A 2 [A] F {54 30.983, KT Foos fH 3.838, Z R:HK
BER Hd, 52 AL, FEREPN T4 R BZEBELATE, 3= &nlik 10218.70
kg/hm?, 3672 K0Tk 44.74%, FUON T3 WG A SR R AEALFE, ~F1y =& Al 34 9999.30 kg/hm?, 347
AL 41.63%.

SEMMIE T1 AL, WA ERIE T3 MR F RS2 RAE T4 B4 1059.35 kg/hm? Al
1278.75 kglhm?, $#7= 5 A ik 11.85%F1 14.30%, %Ak E % . SHC7 ML T2 AHE, A4 e 6 i 22 45 R iR
T3 AR RS2 150BE 0 T4 R BNRE =, 43 HI14 77 801.05 kg/hm? £ 1020.45 kg/hm?, 1677 0]k 8.71%
A1 11.09%, ZFWHEE.
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Table 3. The effect of slow/controlled release fertilizer on maize yield
= 3. BIEREX ERTEZN

. #4017 it gl e e
N | AN 1) MK I T (kg/hm?) (%)
CK 6926.85 7497.60 6755.40 7059.95¢
T1 8738.25 9121.35 8960.25 8939.95b 1880.00 26.63
T2 8889.15 9373.65 9331.95 9198.25b 2138.30 30.29
T3 10285.20 9951.00 9761.70 9999.30a 2939.35 41.63
T4 10119.00 9721.35 10815.75 10218.70a 3158.75 44.74

e FISIAE/ING R R AR B 8] 22 57 553 (p < 0.05).

Table 4. Analysis of variance table for the effect of slow/controlled release fertilizer on maize yield

® 4 BEREMEXRFBEMGESTR

A5 KR H Rl 7% Fid Foos Foor
AbFR TR 4 18767691.249  4691922.812 30.983 3.838 7.006
5T W] 2 63005.988 31502.994 0.208 4.459 8.649

U 8 1211473.722 151434.215
BA 14 20042170.959

VE: RIS EIE AT T Z 00T, SRIGACEER F {4 30.983 > Fy o5 = 3.838, ERIKEE.

i bk, fEEFRMFEIZET, it JOKEC 5 EAN G2 2R NE B Rt AT B A S8 G (0 187 A R 2%
R, HoR s mrm B RCR A, TG R IE v ik P 1 27 2 8 T B RS IR 0015 22 4 R M 1 7 1 FH 2%
RELf

3.3, EREERBEFUEEIH

H# 5 ANEALBEARN T AL 7 B AT 0, FoK— MRS N AL R H AR ML S5 45N 2
SN, Rk, FERE AR ARFE AT T, ARG R AN AT o b, Hodr, KB
AL HE 2645 Juft, TOKELTTIEIZ AR 2350 Jo/t, MR RUIRZEIS R IE &R 2730 Jo/t, IR RS2 1 R IR 4
2650 o/t T, YRk EEAR M TP 2.7 Jolkg tHE. 5 CK ML, T1~T4 & AL B8 RE S 2
FHE, R REFETREE, I H T1~T4 PHEF B I H & BRI T4>T3>T2>T1>CK. HA
T R o o e RO R PR 45 BRI T4 P28 27590.49 Jo/hm? , P24 Lkl 5.36, %% T3 M IR (i g2 BRI =
{E AT b 43 5 e 592.38 Ja/hm? A1 0.52, FLJ5 R 7E T IR B 245 R AR AL FR A = v, DR s (A
R Y e 2 2 80 A D A 28 189 S ey g O R 2 R FIE S, 1T F A 384 I 54 i B IS S A R /DN, DALk
A Sem =4 b o Ji I o A i AR A R A R A T R0 S EMIK IR S T4 > T3> T2 >T1>CK, il
HA 7 AH [ 1 438 b ) K 2% R A B IR Rt AEAE P SR S 4, IERLRI R 2R 5y, I HLIR F R 24 R
KT P CL s S 4 R AT

R, 256 2% FE 23 B MG BRI P~ BRI B3 5o, 78 %00 S M R FH IR F IS 45 B A T
RO DR &, R IERIRI 2, SEMEK &, e KA S5 G B A AR
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Table 5. The economic benefit of slow/controlled release fertilizer on maize
52 5. IR ERTENEFHEZM

e F%Z Afﬁz mﬁ&? W%ﬂ@ﬁ W@ﬁ%ﬁ o el
(kg/hm?) (7t/hm?) (7t/hm?) (7t/hm?) (7t/hm?) WA=

CK 7059.95 19061.87 0

T1 8939.95 24137.87 1409.76 1409.76 5076.00 3.60 37.20

T2 9198.25 24835.28 1411.76 1411.76 5773.41 4.09 38.28

T3 9999.30 26998.11 1640.05 1640.05 7936.24 4.84 41.61

T4 10218.70 27590.49 1591.99 1591.99 8528.63 5.36 4252

e FAEE R AN NS FRERORZE R B (P < 0.05); RAIEINE = HALAAEEAERRA — X RRAR PR RA i
I = WEACACPEPAE - O HAREME, R = WG £ AN . ALRERI A D) = AL AR
(1 TR 7 B A T At P AL B R 26 77

4. +1ig
4.1, BIERBIEMNEREFFHEAASREASRIFAMEARE

E B E TR A B 2 (AAPFCO) N 22 BE Al BEIERL 1 52 SN : BT 77 70 T 2UTE 1t IR 6 28 2% 15
YIRS R AR s BT 77 43 b BUSOIE A B8 K IR AL R AERH[18] o 75 TR IE AN E R 45 BE AR, 5451k
REARLE, — 5 TH AT ARSI E K R B TR EE, IX AT e S5 AR IR AR 85 78 FOK IS [ AR K IR a4 it
FEA IR, FOR BRI TR [F i SO U TR BRI R ) — 7 TR FH R B R vy DAAR
s AREHEFI 2R [4], ERTAEFRIERIER . B AR, FORETHZRIE 1 i 5 %0 2 i
FAHEL, PEEMENER R 5485 T 4.88%A1 2.95% [4] [19], FEWCRAHE BRI T, T2 RE
JELEE PR 2R RERS 1T 44 30% 1K) i 8 = [4] -

4.2. BERBRBRARARKREEBREARNERSE

REBRAEI ARG IIHR ZIATIB AL, WAEXMERER, AW REs A, SR 1 it
VAT e VRN 42k B R AR R, W] AR AL R BREA Y . KR RS 3 J1 A, SRR RKIX
FAEFMBGEREN[4], SRR GRAE TR MR ™ m™, BB 58— L LR AR[19]. g8
E A A TR R S AL, B EORIR T S B R A, R PR ALRH 2R 7 A< [20], A
SN EE SARBRRI s BEA R, SR A T2, MRS HOR, R ALEH A A 22 SR IL A 0t 7t
DI/ S i | PN i - /8 (25 7/ 0F 1 42 E P €586 ol w28 7 QR K

4.3. EREEBREAFRIFNARIIR

TRE X R R M T PR, PR T 20 et 70 4RAR[5] [21], (AR BBORIE, FEEAG T H5Ar
FIWFFERCR . TORGAZRENERA LR FIRIR L BAE . DT ERGESERE R, RERFHEZ M,
i IEER, IR A BERHE DL 2 FLAE KR I 2E[22] s 1 TR B R RSO 2897 73 iR 1) 5 0K
AR B BO IR 7 IR SR IEAS B AT AL U i AL RT3 2 TR BEANE I 7 AL A6 22 TRk,
MRIaAE by, BUSETARME™. @ EUFAAESK, TR EKREERIEHRMATT, REE
Z BB FEANAE P LA B SRR NEAE AR KRR A SRR R FE 2 6], RERs B O IR R T 32 K
JEMTT R, BAT N BT 8K FERT 5 [5].
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5. &hig

ARG T, A RIENIE T BRI KA 2= i R FROR, fERT AR RSB %
Bt P — 20 X AR B EAE FORAE == i, BRARAE = AR, 48 i 48 5 A R B} R ) 26 55 7 THI kAT
THEEZNCIE, FHNE BN R T AT 7 AN . 50 AL BIHR A T PR R g s B AR
PEEMREE. AR, SRS T T T X ARG, X b & IR IR R 2 R R LA
AL RS B P X A A P E I RUR, IR g R &6 o b X A P s e i B AR I 5 . 45 F
Frig, TEiSETE G B &R RAEI TR AT, SRR AE L & AR 77 AR =R AL
RO, [EIN R AR, S E R R [23], A SIS A E o I ER IR R R R
A LA R oK R i, RIS R R BF AV AE K38 o 2 X ok e KA A= 7= M S 2 s R A s L3t A
Eb (37 4E) 447 it U8 156.30 kg/hm?, AT 30.00 kg/hm?, 4HAE 54.00 kg/hm?. 78 it AR 2 R 7T ASER
R TR BRI AT RAE, SEOL— MR AR ARk, AR T &b X EORAE P IR . SRea, mf
R R -

E&WmE

AP AT FR A B e A A TR AN B BT e ——HF ORI 5 PR AR T I H (T % [2021] 8 ), {1
[EERAWIS e €5 % N 3t Sl IR NS

SE 30k
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