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CEAUEAL) T1CAPUIE 012+ AL B+AMlER M7) T2(CAPUIE 012+ AL I5+AWfiliz M7) T3(AHLE 012+TEHL
JE 15+ 0IEER ML) T4CAEHUE 012+ EHUE B+AMHlERE M1) [ T5(APUE 02+ TALE B+AYHREER M7) \To(AHLE
02+FCHLAE IS+EWTHIELE M7) \T7 (A HUIE 02+ FCHLIE I5+A: %133 M1) T8 (A HLAE 02+ FSHLIE 13 +4: Ml 3= M1) , B4k
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Study on the effects of different special fertilizers used
in combination to increase the growth of maize

HANG Huixian , CHEN Shuo, YANG Mengyuan, LIU Hua,ZHAO Gengmao "

(College of Resources and Environmental Sciences/Coastal Land Engineering Research Center,

Nanjing Agricultural University, Nanjing 210095, China)

Abstract ; [ Objectives ] This research aimed to investigate the nutrient effects of various special fertilizers and their application
methods ,as well as to offer a theoretical foundation for the reasonable use of special fertilizers for high-yield of maize production.
[ Methods ] The special fertilizers on the market were utilized as research materials,and the maize pot experiment was set up after they
were sorted into functional categories. 14 maize parameters were thoroughly assessed using Pearson correlation analysis and principal
component analysis. Effectively special fertilizers were then selected and used for culturing maize. 10 experimental treatments were set
as follows : CK1( no fertilizer) ,CK2( conventional fertilization) ,T1( organic fertilizer O12+inorganic fertilizer 13+bio-stimulant M7) ,T2
(organic fertilizer O12+inorganic fertilizer 15+bio-stimulant M7) , T3 (organic fertilizer O12+inorganic fertilizer I5+bio-stimulant M1) ,
T4 (organic fertilizer O12+inorganic fertilizer 13 +bio-stimulant M1) , TS (organic fertilizer 02 +inorganic fertilizer 13 +bio-stimulant
M7) ,T6(organic fertilizer O2+inorganic fertilizer I5+bio-stimulant M7) ,T7(organic fertilizer O2+inorganic fertilizer I5+bio-stimulant
M1) ,and T8( organic fertilizer O2+inorganic fertilizer 13+bio-stimulant M1) ,with three replications for each treatment, designed in
randomized block arrangement. [ Results ] Compared with the CK1 treatment, the special fertilizer treatment significantly ( P<0.05)
increased the soil content of available nitrogen,phosphorus,and potassium. However,the available nitrogen, phosphorus,and potassium
in the CK2 treatment maintained the highest level throughout the reproductive period, reaching 46.0,38.9 and 179.6 mg- kg™,

respectively, at the six-leaf stage(35 d). Root scanning results demonstrated that T4 treatment greatly accelerated the growth of maize
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roots , with a significant increase in total root length,root volume, total root surface area,and number of root tips,which increased by
35.5%,43.9% ,42.2% and 28.9%, respectively, compared with the CK2 treatment. Additionally, the special fertilizer treatment
accumulated N, P K", Ca® Na*and Mg® in the maize tissues. Meanwhile , the special fertilizer treatments , especially for T4 treatment
significantly promoted maize growth, plant height, stem thickness, leaf area, stem and leaf fresh weight, as well as root fresh weight.
[ Conclusions ] The best special fertilize application method for potted maize culture was set in T4 treatment, with dose for organic
fertilizer 012 3.0 t-hm ™ inorganic fertilizer I3 45.0 kg+hm™ and bio-stimulant M1 by root irrigation.

Keywords : maize ; special fertilizer ; combination application ;soil nutrient ;root development ; growth promoting

3 [t T AR o OBk B Y 7.89% , A\ Bk i AR HUA T EKOE 1 40% 22 A5 Rl Tl Ak
WA T R K R U (R 7, I L M R AR A R A 25 AR AT, v ™ TR ) s
Yo KB AP TR S Bk TR AR ) B B R B O R TR R MR % 4 Bt 4 AR X T R A
200 B BT R SRRV PR TR A A R L,

2015 4 2 A Rl AR A2 I & T (3 2020 4F AL I FH K AT 3 %) A1 F] 2020 4482
T KATEI O 4E) ,2016 4EHHF T 15 i o [ [ PRaifb AERL & e R 25 b5 — 2R 30 A0 ok [ P e A
i IE 2R A [ S SRR AL B2 2 T A B R IR = i, AR SRe  FRAEA T Mb — AL Al B Al
FHEARSE BB, R IR T e 05 T K = S R SO R i ) 5, = ot T i, FRAE 2R L
FERARE IR T 25 A7 R A RO R MRBR T RE” AT RETE ALRL, (5 A M0 A WLAE | B RO A=
PR A TR AL B AR MR SR — R e B A W AR R LAC sk 4 R, 7 DA shAl
WFR A Ry 3RS B MR R B INAL TG A A 2 A ), l ARG Ak - 3% 4 | i - e S 1, 2
5 L IRMUE YRR . SRR IR S IR 4 WA B W A ORI B 20 | it FH 22 BRI RL AT
DLkt el it A 5 RS BE 1 AR 0, RIS BES/D BB IR A3 26 o Il 0 B R b — S B A 0 o 3350 48
A7 BN TR R R, AT AT R A BN G o R A AR e R P e B A
REJE DLES & 25 AL 2490 A R 4 I 75 I S JG 2R |, A EDTA-Fe \EDTA-Zn %5, 5 JoAL & oo 2 AR RHH
b, ZE A A ICRTE RPN G B E , e A b A P WSO - SRR B R P DA R S BELR A
BEVEMIFR W (B A By IR A IR BE R4 . DL o ek AT ELA WA B9 Sh g, X T ok 3 9743 e
ERELYDE TR B AR, TAER RO B B AL ST, £ R P BT R GBS EL, T
FRAE = AR B L P B R RIS ANSE L AR A A B AR DR i &2 T mi s, 24,
A LA B REIE = i 5 R PP B it 72 A 5 e DL AR, iR AR TR AT

ASCLL 35 FRFIE BN G2 S0 FORAE K AR AT L5 B VP 0, 0 BE ARAT O AR I 7 i % i 1B 4R
A ML TCHIL A 0 2R S A = 0B A T IC A R P, IF SR A 7= ket - S B o AR AR R 3R AR
W TR AR AR, SRk it FH AR IR R K i = AR R PR AR

1 #HE5EFE

1.1 R

PR HER F VLA BT A A T SRR XA (119°16'N,31°95'E) , i -4 0~20 em + )23
AR PE T pH6.20 EC {H 0.37 mS+em™ A ML 1.06% B A 20.46 mg-kg ™ H Ak W 26.38 mg-kg™' .
HELER 0.07 g-kg ™', HHAEKRSFR KITE 6 5, B st & AR AR, AL B AL (A
LB =30%) BiRIRFI IS A IE (N P,05 K, 0 [ BT & 538053 00 18% 9% . 18% ) KRR (A AUA =46.3%) |
WL A — 4 (A3 =48.0% A UE =18.0% ) LKA TRIREE (H£=9.9%) WK GRS (55=16.9%) ,
HHE5 914 30,0.75,0.225.0.3.0.3 F10.45 t-hm ™, HEHAEREE 35 F, 43 BRI F A FIAEEHE P= o508y
B, AUHE 12 FOAHUIE .6 FhICHLAE |7 R MRl 2 10 ]
1.2 RIEgit

FEARAEE T 2022 4 9 H—2023 4 4 HAE R 54O KA FEIR 5 IR 2222 B H OB iR = k7, =il
20~30 °C , HIXHREELE 50% ~60% , 5 H YCHRIHEIZE 11~ 12 h, BHfs 3T 5 3 0% (FL42°50.85 mm) |
S RRHR A YA 5 R 48, A - 5 K R R T IR RE /K Y 80% , U 1 & S BUOR/N—530 WOk A8 35 1)
FOKRFPF, B A 2 R0, TR 2 om  FEFPESH, R 1, MW SRS, Wi, £ HOK A RRTE 60% ~80%
FEERBEAUEL, B H R, DURIE B K285
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Table 1

®1 HEMEEAE

Special fertilizer type and dosage

TETT Y EoR W 35 FRAE ™ i, #% K R B0 00 12 M HUIE (6 R ICHLAE |7 FhA:

HEEFIZE 45

e S

ERRIT

AR/ (t-hm™?)

Fertilizer type ~ No. Source of the product Main components Dosage
XFE A ME NI B S HOAT
01 WIF K Y Changsha, Hunan Chicken manure, sheep manure, Bacillus subtilis, 3.00
Paenibacillus mucilaginosus
02 R EFIR Jiyuan , Henan ¥ S M Pig manure  rabbit manure , plant material 3.00
03 Jbmt=E B Fengtai, Beijing BB 5T Humus of mineral origin 3.00
S 2 “
04 5 Inner Mongolia %’\ CEBEA infﬁﬁﬁa . . 3.00
Sheep manure , wool protein, humic acid
an B i Bl =t Ag=F WA e S A
S T BT TRE BRI R LA IR SRR
R 05 Mudansiane . Heilongiic Straw, xanthic acid, opal powder, maifanite powder, amino 3.00
. udanjiang, Hetongyang acids from animal carcasses
Organic . o e e g a0 S s g .
fertilizer 06 VT IR i B 2 BAT TR A ZF AT 8 BB VR AL 2 AT T8 Bacillus 300
Harbin , Heilongjiang subtilis , Bacillus licheniformis , Paenibacillus mucilaginosus '
07  VLIMEM Xuzhou ,Jiangsu JEFE R Humic acid 3.00
08 VLI Xuzhou , Jiangsu JEFE R Humic acid 3.00
09 W7 Y Weifang, Shandong B4 B Food waste , insects 3.00
010 LhZRHEds Weifang, Shandong it gx b R H Food waste ,insects 3.00
011 I ZR¥EYS Weifang, Shandong BBk R Food waste, insects 3.00
s dR A EEDRLEE S B
012 WA Qingdao, Shandong AR LﬂHE«E\KJH@;Q@ ' 3.00
Cassava pomace, grain and feed residues, animal manure
LNV CTRE AR B R B S I LR P 1 500 1%, - 1 i
11 U&7 5 Qingdao,Shandong EDTA-Zn,EDTA-Fe ,EDTA-Mn, EDTA-Cu, EDTA-Co jifi Dilute 1 500 times,
and other trace elements foliar spray
FBE B B B 19% (8% 20%
12 U&7 5 Qingdao,Shandong The mass fractions of nitrogen, phosphorus and potassium 0.45
are 19% ,8% and 20%
JeALAL e e 1 QL Ca =20.0%,Si =10.0% ,Mg =1.0%,S =12.0% ,Cu+
Inorganic 13 IUA& 5 Qingdao,Shandong FetB4Mn+Zn =0.5% 0.045
fertilizer S B AR R 22% 8% 17%
14 IHZ& 5 Qingdao,Shandong The mass fractions of nitrogen, phosphorus and potassium 0.45
are 22% ,8% and 17%
15 WA H S Qingdao,Shandong Ca0 28.0%,S10, =3.0% ,Cu+Fe+Mn+Zn+B=0.1% 0.15
i 1 500 %, I T B
16 R P W Russia Si Jifi Dilute 1 500 times,
foliar spray
— 5 100 kg K , AR
M1 g+ > Changsha, Hunan A ZEBFT B Bacillus subtilis One tablet to 100 kg of
water, irrigate roots
FERS R R R R S+ B+ I+ R+ 5 =2.0%
M2 J7Z:) M Guangzhou,Guangdong Penicillium bilaiae ,xanthic acid ,amino acid, Ca+Mg+B+ 2.25
Mn+Cu+Mo=2.0%
M3 J7Z:) M Guangzhou, Guangdong Wy PX K% Trichoderma harzianum 2.25
e oo ke 5 45, B Dilute
. . ol G popi . s
szq:%*u{%%% M4 J7ZRJ M Guangzhou, Guangdong FE#i T % Penicillium bilaiae 5 times, seed soaking
io-stimulant . »
i T 400 A, b THT M5 it
M5 J )M Guangzhou, Guangdong ME X AHE TH19 Trichoderma harzianum TH19 Dilute 400 times,
foliar spray
Mo ARITIR IR T ZE AT A MUAT B L I VR 2F AT T Bacillus 0.45
Harbin , Heilongjiang subtilis , Bacillus licheniformis , Paenibacillus mucilaginosus ’
AR 62.8% JETEM 60.0% . H BT 18.0%  HE I E ¥
B "
M7 L% &) Qingdao,Shandong BRI 18.0% 0.045

Organic matter 62.8% ,humic acid 60.0% , xanthic acid
18.0% ,macroalgae extract from south Africa 18.0%
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ZE3R 1 Table 1 continued

HERFRZE g 7 AR FEEAY JhE/(t-hm™)
Fertilizer type ~ No. Source of the product Main components Dosage
i B 1 000 %, W R
Gl LR Y Weifang, Shandong A BE | PURPEJERR Ca, Mg, amino acids Dilute 1 000 times,
irrigate roots
G2 AR Zhengzhou , Henan B A 1B% Ore calcination 2.25
G3  ILZRIfYT Linyi, Shandong HW55E Oyster shell 3.00
G4 MUJIISR1 Leshan, Sichuan et i £ Peat soil , bentonite 2.25
. G5  PUJII5Kk 1l Leshan, Sichuan 52 i £ Montmorillonite 0.15
M A AR
Soil G6  LLVHIfi¥%y Linfen , Shanxi fik 5 Bk M Je &K Si, Ca, Mg and trace element 1.50
conditioner G7  1WLVHIE Y Linfen, Shanxi Tk B5 BE MR TER S ,Ca,Mg and trace element 1.50
G8  PUJI| 4k 11 Leshan, Sichuan BEARREIR L Magnesium aluminum silicate 1.50
B JEAER RS T R T R
G9 =R Kunming, Yunnan Organic matter, humic acid, active calcium, magnesium, iron 3.00

and other trace elements

MR - AR R R A R A R IR R A
G10 I ZRfEM Dezhou , Shandong Attapulgite , humic acid, carboxymethylcellulose sodium, 0.15
sodium polyacrylate

. Pyt
- CKl No fertilizer
Conlt;zjl HRLAEAL
CK2 Conventional

fertilization

1.2.2 $RBEMEIRE FRRC™ S AT SR S P S M 0 M AR AR (R 1 o A R R ) ) R AR
b, BARGRE I AGZ 3 o] DU RSP 2 22 /0 JsUd b i p0 5 8L, SRAFIE (/N T 1.0, 3R IZ o m ke
AEHAR, — AR R T 1.0 S0 16 S B A AR E s STRRR 07 22 SRR, 2 — > i BT RE R i e 1)
T3 285 407 22 9 HU) (B0, W] 3 o278 IR G 28 B A 15 B A RE o

ARIGREAL ™ i B 25 5 PR (B S F2 2R, 8 AT UL A= WRIECR  JEHLACAS 2 Ff A HLICEE FHAS 5
INJE SR | Sh R 45 038 A ATLAC ™ it s AR AR DRI T 1 AR A W0 B 00 1 B LR 2™ il 5 TEAL
HESE 25 P R TR 7 A, B 3 ZRALRHEC S0, R FEAS R MERE 2 5 Xk - S B0 A P o L B R AR Y
S i e e A AL A& e HOE 7 i, IXIRAR B LR 2,

F2 LA E

Table 2 Experimental treatment

AEFE Treatment AHLE Organic fertilizer TeHLAE Inorganic fertilizer AR ZE Bio-stimulant
T1 012 13 M7
T2 012 15 M7
T3 012 15 M1
T4 012 13 M1
T5 02 13 M7
T6 02 15 M7
T7 02 15 M1
T8 02 13 M1

CK1 AHEHE No fertilizer
CK2 HHUEAL Conventional fertilization

T HEEMCS A2 1, The code of fertilizer is the same as the Table 1.

1.3 HmRESKE

FRKZ 6 AT RAE, £ A0 FEFEHLIR 3 Bk K bt 138 S5 ARFE 43I, IF R B 1K ok 14, — 53
FEARAT: it R A 58 BRI E 9 5 1 A 048, B T O DA DR IR A T R A7, TIE R RIE 28 55—
ST ARZPEIR AV SR RE G E T T 105 CHAENARTE 20 min, JFT 65 CHLTZIEE,
1.4 MEEREFZE
1.4.1 #EWEXIERUE  WE ks M SR8 A YMI-B A SO0 i, &6 d
FHRF SR 20 S5 1 R4 R &, F H,S0,-H,0, 1472 J5 8 FHE S 5 0 B4 ( Auto Analyer AA3,
Germany ) 5 AR 42 2801 b, (00 FH PLJERRES 45 55 2 1R R 9 343 ( Agilent 700 Series ICP-OES, USA ) I &
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FERRDE B0 55 8BRS i
142 HEYWREAEESNUE K/ Epson Expression 12000XL KIAR Z 47 #5410 %F HI bk AR R #E A7 4948, W
WinRHIZO #2273 B 514 % UG A T 404, ME R AR RIEAS
1.43 TEMRNE RIS B2 1 pH (H SR USRS
1.5 HiE4hE

K FH SPSS Statistics 26.0 B X £icH #EAT BRI R T 25 3B L K2 IR A AH OGP 43 AT A B 3 a3 4 A, R
Duncan’s 7 S 2RI 1% (P<0.05) #E4T B E L30T, R Excel 2019, Origin Pro 2023 4143 5]

2 ZFERESWH

2.1 ETEMS S HIHE R FALR
2.1.1 AEHEFRERESH B LA, SRR A B EHINE (P<0.05) o R F ST Hr
PSS AGHRIAT AT, RAFREAL = it B TR

tapancheich () @ @ @ © @ @ © © © o0 Ho
ZEH Stem diameter . . . . . . [ 0.8
-1 X Leaf area . . ‘ . © . O © 0 O O
0.6
22Nt Stem and leaf fresh weight . . . ’ O . O . . . 0 . .
AR Root fresh weight . . . . . ) . . . . . @ 104
ZEM T Stem and leaf dry weight . O . . D . . ‘ . . . . . . 402
M Root dry weight ‘ @ . . . . o000 . . 1o
JHLK Total root lenght | €9 @ . . . . . . . . . . .
HARL Root volume | €0 @ . . . © ‘ . . . ‘ . . 1-02
AR ZFE M Surface area . ( $) . . . . ' ‘ ‘ . . . ‘ ~0.4
HRIEX Tips ..‘.‘...... 06
3 A% Forks . O . ‘ . .“ @ . -
-4 Z £ 4t Chlorophyll content . ‘ ‘ . . . . . O . . 0.8
% Z &1 Nitrogen content . . . . . . . . O . ! _10
S SETCPEEFECEEOCRSREE KT S %S
E T g gME & 8§ 5 EE ¥z Kg
= 5 £ 872 % 2 272 TZ 9
a 5 3 2 3 Z & £
123 9°¢ :c
E : S
e &
7]

1 EREFEREXERE

Fig.1 Correlation heat map of each index of maize
2.1.2 AEHEFHRERSSHN T 14 DRBERIEST ZR 700, DAFIEER T 1.0 Dy 32 5 o3 i 6 4
5 ORI 14 A BTUE BRI R 3 4570 AT A7 925 4467 , JUTTIR 50 B0 58.43% 13.369% 71
10.26% , FiTTTHCRIBF] 82.05% (£ 3) o 3 D EWMPLEE T RHFR 7 TORMEARE B, SRA [ AR Tk
MIZRERNL, 3 A FE o0l E X PCL PC2,PC3,

F3 EHS(PC)KHHIEE R EM Rt E

Table 3 Eigenvalues of principal component(PC)and their contribution rate

and cumulative contribution rate to total variance

Es%y FHIEE TR % 2t BTk %
Principal component Eigenvalue Contribution rate Cumulative contribution rate
1 8.18 58.43 58.43
2 1.87 13.36 71.79
3 1.44 10.26 82.05

2.1.3 ZEEM NE 4 0, ARIABZES TR E N -3.76 ~4.51 , B HURE FE R, H A&t AR AL BRI 25 5
PR 2 T X B AL B | SR AR [] BERE T T K AR 2R & B A B AR AR K A B K i, A AILAE Ak B A
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A O11, AR R A e M7, JCHLIE AL B ih e A R 13, L3R BRI AL B P il GO, ZE A TEMY
{ERT 1.00 AR A PVUEALL PR & 63.64% , R IHA HLUIEAE £ KA KB R IEE E N TEZIER.
F4 FEBEREESES SEEINRIFEHE

Table 4 The principal component score,comprehensive scores and quality ranking of different fertilizers

N 4 5 B %) Zatar L= B %)y Zatar
Fertilizer Principal component score Comprehensive ﬁF}?‘ Fertilizer Principal component score Comprehensive ﬁ}?}?
Ranking Ranking
No. y(=y) y(%;) y(x3) score No. y(x,) y(xy) y(x3) score
O11 8.05 -1.95 0.60 4.51 1 G4 0.75 -1.53 -0.87 0.14 20
010 4.93 -0.11 -0.12 2.85 2 14 0.22 -1.97 0.53 -0.08 21
012 2.94 -1.56 0.42 1.55 3 G5 -0.02 -0.62 -0.03 -0.09 22
13 2.53 0.74 -0.57 1.52 4 M6 -1.15 1.86 -0.21 -0.45 23
M7 2.24 1.22 0.18 1.49 5 11 -1.26 1.83 0.22 -0.46 24
02 2.61 -1.03 0.68 1.45 6 M2 -1.03 1.04 -0.22 -0.48 25
G9 2.31 0.11 -1.02 1.26 7 09 -1.52 0.90 1.08 -0.65 26
07 1.32 1.83 1.64 1.19 8 M5 -1.68 1.01 1.87 -0.65 27
04 1.66 -0.17 1.63 1.12 9 16 -1.56 1.28 0.14 -0.72 28
G7 1.53 1.54 -0.11 1.09 10 06 -1.62 -1.12 0.39 -1.05 29
03 2.09 -1.60 -0.08 1.00 11 M4 -2.23 0.89 -2.30 -1.42 30
15 1.27 0.68 0.11 0.84 12 M3 -2.87 1.27 -0.23 -1.53 31
01 1.34 -0.08 -0.47 0.72 13 G10 -2.89 0.00 -0.52 -1.74 32
M1 1.25 0.03 -0.37 0.70 14 Gl -3.60 2.24 -0.02 —-1.81 33
05 0.72 0.99 0.01 0.55 15 G2 -3.44 -0.04 0.47 -1.97 34
G3 1.27 0.33 -2.28 0.55 16 G8 -4.97 -3.22 -0.36 -3.04 35
08 0.99 -1.11 0.45 0.48 17 CK2 -5.42 -1.61 0.95 -3.28 36
2 0.77 -0.66 -0.82 0.27 18 CK1 -6.19 -1.95 1.10 -3.76 37
G6 0.63 0.56 -1.90 0.25 19

2.2 FREARRLNT + 5B 1 R A B0

ML 2 WAL 7E 35 d 9 BRI 38 EC (AW S 5,5 0.21~1.01 mS-em™ , HHUEALALHE EC
(B (CK2) S EUPE b TH)5 M R R r a3, HAth 4% Ab B BC {44 5 P K IR E 7 d Ja bl R R
208 FIRES 40T 3 pH (M 5.63~6.71, pH i 5K A B 0 A0 HE gk 5L b R R TS 2218
TRER R

FE 35 d B4 A0 B KA 0T PN 3 Ak A | Sl | U S AR A 2 T (R A B B AR b
EHAEAE2E R B CK2 A BRAN AR AL 21 + e SR AR & i G218 N R 5 SUPR i b 08, R0 T 1%
J& XN LT CK2 A FENZ S T B 5 ol Tt , iR e e 8 NI, BR CK2 & T2 4b#4h,
At 4% b - e A e S e B TR S T CK2 AL BE 4 8 ol & f e 21 d PRSI, 7E 21~35 d
TR R T2 AbHAE 14 d NPREESE N, 14 ~28 d PR F%,28 ~35 d FREIBIE N, £ 4 0 Ak 3 - 9 Ak 4
TR 28 d NI RS FAREE, 28 ~35 d GBI, T CK2 ALFRTE 21 d HBRERIS N, 7E 21 ~28 d &1
TR, 28~35 d PR, BN, S AFARALBE Y CK2 AbBE 2 [A] 34224 55 2 o CK2 A B 4 39 3k 4 ok
RO B & AR A I 4R R R KO 6 (35 d) B4 ik B 46.0.38.9 T 179.6 mg-kg™' .
2.3 FRERIEE EXKRERESHHZIN

ML 3 WL, T4 REEEF K AR 2R e & Tk AR Je B 2, R 5 I AT, 5 At JIES Ak 31 ( CK2) AH
EE, T4 Ab P 5 25 10 0 oK BRI AR AR AR 2R 1 R DL AR AR E, 43 S 38 i 35.5% .43.9% . 42.2% .28.9% ,
FORMRAR T EAEN 0.46~0.62 mm, Hirfr T2 AbF A H MUMEAC AL HL ( CK2) 239 24.0% (P<0.05) , &
KAECBON KB IN AL FRAK YR g T7 T4 .CK2.T5.T6 . T8 T2 . T3.T1 .CK1, H:h T7 Zb34E CK2 AbFEME i 1
9.4% ( P<0.05) , BRAR R F-H B AR A BOBO , T4 A B HA 4 TR R 48 bt et BE HLAE (012) EHLAE
(13) AP E (M) Bl A e fE i ERRARAEK A H
2.4 A REIHEIEAMERT E K & KB E M0

ME4 W5, 5 CK2 Zh BEAR H, T4 Ab 38 25 4 F B K bR = L 2500 L 25 b o i AR 5 43 1) 3
23.0% .53.2% .70.4%F1 76.1% . CK2 b3 F K iy i 1 Bk, JLvk 2 T6 Ab P, — % £ R W% 5 CK2 4
FHAH L, T6 A FRA I T FUE /D 21.8% (P<0.05) o BRI TH RSN, T4 AbBR LA 4 T K5 bR B, RTA
HUIE(O012) TEHLAE (13) AEYIRIEGER (ML) BCS Tt B e EORAE KRR .
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Fig.2 Changes of soil EC,pH value,available nitrogen( AN) ,available phosphorus( AP)and available
potassium( AK) in different fertilization treatments

LA 35 d FoRA I A E AT 26 57 B 3 PEAMAT , IR 22 AR Al — b BEAY 3 AT Z IR BARHEDR . CK1: AJEAL ; CK2. % MU AL ;
T1:012+I3+M7;T2:012+15+M7;T3:012+15+M1; T4 . 012+I3+M1; T5; 02+13+M7;T6 : 02+15+M7;T7: 02+I5+M1; T8 . 02+13+M1, FId],

A significant difference analysis are performed based on the average of the maize growth period at 35 d,and the error bars represent the standard
error between the three parallels of the same treatment. CK1; No fertilizer ; CK2 ; Conventional fertilization; T1:012+I13+M7;T2.012+15+M7;T3.012+
[5+M1;T4,012+13+M1;T5:02+13+M7;T6: 02+15+M7;T7: 02+15+M1 ;T8 : 02+13+M1. The same as follows.

T5 T6 T7 T8
3 AEBIELE 6 HHHIERREFESHABE

Fig. 3 Scan of maize root morphology at six leaf stage in different fertilization treatment
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x5 FAEERLEERRRRESH

Table 5 Maize root phenotype parameters in different fertilization treatments

Ab PR B/ em AR em? SR R HAA/mm B R em? HRIEL IR
Treatment  Total length of root Root volume Mean root diameter Total root surface area Tips Forks
CK1 144.69+2.50" 0.36+0.01* 0.43+0.01" 25.30+1.311 630.33+4.62¢ 382.67+3.84"
CK2 280.78+4.841 0.57+0.01¢ 0.50+0.01< 44.01+1.05¢ 1279.67+£16.22°  933.33£8.37°
T1 210.43+2.54% 0.52+0.01 0.58+0.01" 38.47+0.50" 858.33+16.33"  638.33+11.87¢
™ 262.18+3.40° 0.49+0.01° 0.62+0.01° 39.58+0.59° 1262.67+£30.02°  677.00+4.93"
T3 225.62+4.25" 0.38+0.02¢ 0.47+0.03% 33.51+0.52" 995.67+8.45° 683.00+13.43!
T4 380.31+1.36° 0.82+0.01° 0.53+0.01¢ 62.57+0.86" 1 649.00+23.03*  986.00+3.06"
T5 323.55+5.59" 0.78+0.01" 0.57+0.01" 55.70+0.43" 1 089.67+41.571  783.67+4.81¢
T6 320.11+5.04" 0.5420.01¢ 0.53%0.01° 47.50+0.49° 1 349.00£21.55"  941.67+8.29¢
T7 304.71£2.04° 0.45+0.01" 0.46+0.01°¢ 41.52+0.46° 1 631.00+£7.55 1 021.00+13.65"
T8 261.69+3.06° 0.51+0.01 0.59+0.01% 37.14+0.33¢ 959.67+9.26° 755.53+3.18°

TE : MBI NG FRACRA R AL A B AE 0.05 KV E2ERBIE, T,

Note ; Different lowercase letters in the same column represent significant differences in different treatments at 0.05 level. The same below.

120.0 120
100.0 F a 100 F =
= d 5
=5 800F f = £ 8 80fF
S5 £
bhig < 60.0 5\5 5 6.0
. o >
&= = 400 # 5 a0
wn
20.0 2.0
0.0 L—L_11 0.0l
CKI CK2 2 T3 T4 T5 T6 17 T8 CKICK2 TI T2 T3 T4 T5 T6 T7 T8
210.0 _2_ = 200 a
180.0 g 175 =]
g g 19001 Py 1;2—
o O HH'H o 1 =
2 £ 1200 &
RS g E < 100)
E § 900 = 3
£ - e 12
= 60.0 2
= 50
30.0 £ 25
00 L—Lb @ ol *
CKICK2 TI T2 T3 T4 T5 T6 T7 T8 CKICK2 TI T2 T35 T4 T5 T6 17
KbFH Treatment KPR Treatment
6.0 a
—F—
50

4.0+

iéiﬂﬂﬂﬂ il

CKICK2 TI T2 T3 T4 T5 T6 T7 T8
Kb FH Treatment

B4 AEERLENEXRKS ZH HER EHHE RESHIZMD

Fig. 4 Effects of different fertilization treatments on plant height ,stem diameter

Mt H/g
Root fresh weight

leaf area,stem and leaf fresh weight and root fresh weight of maize
ANIR/INGFREACFRA 7] IE AR BEAE 0.05 /K- F 22 5+ .3, The different lowercase letters represent significant
differences at 0.05 level in different fertilization treatments.

2.5 AEHEREALE I E KR IH REFHIF

FKEWI NP K" Ca®™ Mg™ EEAEH AR Na W) FZAEM N AR, WL 6 nI%0. 5 CK2 &b
FEAH LY, T1 Ab 38 i 25 A F K b b 355 FH T 38 N JT 2RI, 4353114 18.95 F18.83 mg-g™' , #5% CK2 kb3 4351
4N 6.3% M1 15.4% (P<0.05) , FKHL EAS P 550 2.09~3.28 mg-g™', T6 A Filf i , ¢ CK2 AbBH i 1
13.9% (P<0.05) ; EAHL F# P &40 0.58~1.22 mg-g ', T5 AP ¥ CK2 A FH R 211 11.93% (P<
0,05) CK2 Kb T K M 1350 K5 35 T H A AR 2 T2 A0 Hf 5 oK R 350 K 7 i A i, A 31 20.69
mg-g, 5 CK2 AbFEAHLCHE N T 53.5% (P<0.05) , T1 4bFEF KM 35 # F 3 Ca™ S, éz\%llj@
13.60 F16.21 mg-g™", 5 CK2 AbBRAH LA BIBEIN T 17.0% F1 129.2% ( P<0.05) , T KM 3% Na* 7 &
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0.27~0.94 mg-g™", T7 AbFHR =, & CK2 ALFRAY 2.14 £ ; T OKHL R0 Na* 2 i KB/ AL BRAR YR A T1
T7.T3.T2.T5.T4.T6. T8 ,CK2 . CK1,T1 AbFE & o5, 3.44 mg-g™' ,J& CK2 AbEEMY 1.9 f5, £ A40FEEOK
Hiy 1AL B b 8 Mg™ Fr i 2 b 2 R T CK2 Ab 3, v To Ab3iih 138 Me™ & iR, B 7.31 mg-g™', 5
CK2 ZbFAH LN T 49.5% (P<0.05) ,T1 AbFEHE T Me™ & i fe i, 0 5.90 mg-¢™', 5 CK2 AbFHAH LI
hnT 92.8%(P<0.05)
R6 AEMERAIERTEXKM EEMt THTESENTMN
Table 6 Effects of different fertilization treatments on elements content

in the aboveground and underground of maize

A AbER JLE R/ (mg-g™") Element content
Part Treatment N P K* Ca® Na* Mgt
CK1 15.25+0.28¢ 2.09+0.05" 65.43+0.50" 12.43+0.38"¢ 0.64+0.034 6.93+0.07"
CK2 17.82+0.38% 2.88+0.03" 84.00+0.14* 11.62+0.28¢ 0.44+0.03" 4.89+0.03"
Tl 18.95+0.15° 2.93+0.05" 82.71+0.24* 13.60+0.26" 0.53+0.03¢ 6.37+0.02¢
T2 16.84£0.73" 2.32+0.06° 70.22£0.75¢ 12.40+0.26"! 0.78+0.01" 6.29+0.05%
H T3 17.90+0.72¢ 2.52+0.08¢ 76.49+0.64" 12.51+0.41" 0.65+0.03° 6.21+0.05¢

Aboveground T4 16.95+0.83" 2.10+0.02" 67.73+0.24° 10.93+0.34° 0.60+0.03% 6.44+0.06"
T5 18.34£0.74% 3.07+0.09" 71.80£0.52¢ 12.56£0.50%> 0.43+0.02' 6.56+0.03°
T6 16.97+0.63" 3.28+0.03° 59.89+0.85¢ 11.43+0.33% 0.27+0.03% 7.31£0.04*
7 17.34+0.17* 3.00+0.10" 72.47+0.31¢ 12.59+0.01%> 0.94+0.06" 6.33+0.05%
T8 16.49+0.58" 2.71£0.06° 66.62+0.44°" 12.79+0.24% 0.74£0.02" 6.20+0.04°
CK1 4.10+0.09" 0.58+0.03" 9.62+0.26" 2.74+0.30" 1.43+0.04" 2.93+0.08"
CK 7.65+0.044 1.09+0.2" 13.48+0.30" 2.71+0.16" 1.86+0.06° 3.06+0.068
Tl 8.83+0.03" 1.13£0.02% 19.16+0.32" 6.21+0.09* 3.44+0.09* 5.90+0.02°
T2 8.19+0.13" 1.13+0.03% 20.69+0.64° 5.49+0.08" 2.55+0.05° 4.69+0.08¢

LR T3 8.28+0.05" 0.97+0.03% 17.20+0.18¢ 5.03+0.04% 2.93+0.04" 4.96+0.10°

Underground T4 7.00+0.11°¢ 1.00+0.02¢4 17.37£0.49 4.69+0.03 2.21+0.034 4.36+0.07°
T5 8.32+0.8" 1.22+0.06* 18.62+0.44" 5.37+0.09 2.48+0.04° 5.37+0.06"
T6 7.97+0.09¢ 1.11x0.01" 18.19+0.43 4.61+0.08' 1.96+0.03¢ 4.28+0.09¢
T7 5.76+0.068 1.00+0.02¢4 18.55+0.43" 5.78+0.03" 3.00+0.10" 5.23+0.03"
T8 6.65+0.07" 0.88+0.04° 15.56+0.59° 4.12+0.07¢ 1.91+0.07° 4.00+0.14"

2.6 ERSSHBREETN
R LR T HEA TR 7 B 4 Fh Ry, H R IF BTl IK 85.519% AR ALLE KR T I BR FE AR
KT 4 A F WAL IE AR A TSR S I . FRACECHE AL BE Y 1 o500 B 2R B T 8 0 Bl SR N3k 8
PR G o (B Ry IR BRA 25 5 R B . ARl O 8 5 15 70 Al 1, T4 Ab FRER & R IR AL, L2515
4N 178,
R7 PCWFHEE SIMEMRIT IR

Table 7 Eigenvalues of PC and their contribution rate and cumulative contribution rate to total variance

Esr FREAH TUHRE/ % FiT TR/ %
Principal component Eigenvalue Contribution rate Cumulative contribution rate
1 5.83 41.66 41.66
2 3.37 24.05 65.71
3 1.72 12.26 71.97
4 1.06 7.55 85.51

®8 ARVEBERSFS FETNERRHF

Table 8 The principal component score,comprehensive score and quality ranking of different treatments

b3 F /34943 Principal component score . f/%%f'r% HEE
Treatment OUprEnensive Ranking
y(xp) y(%;) y(x3) y(xy) score

T4 4.71 -1.21 0.55 0.50 1.78 1
CK2 0.87 3.63 0.63 -0.53 1.27 2
T6 1.79 -1.51 -0.81 0.58 0.33 3
T5 0.99 -0.34 0.93 -1.77 0.31 4
T7 0.60 0.86 -2.14 0.22 0.21 5
T3 -1.88 1.67 0.20 1.06 -0.28 6
T8 -0.48 -0.71 0.32 0.05 -0.33 7
Tl -1.79 0.63 1.30 0.32 -0.41 8
T2 -0.50 -0.60 -1.10 -0.29 -0.51 9

CK1 -4.30 -2.40 0.11 -0.14 -2.37

—_
o
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3 i

MTATR 3R 0 b B ) b A ol 350 1) 2 0 1 B AR R A A — T s RO R AR 15 R
T REVERCRL R 32 1M AL PP & Je . FRAEYS KA A HUIE 28 REAERL AR Wl | R PR A5 AR AT
XF 35 FPRRAC = S HEA TR A PR, & A MLARAE KA K v 4% o AR T, 1 ELJGHLAE A ) A A
TCR AL DA S AE Y R R e A W R AR . AAHUIE & R ik G Y Ae o2 | e b il
YR B A 7 R AR U G EARR R AN, B — it FH e 2 S B A 7 KR
FHALAEDT it e AL & &85 Bk BEEP R on R B R e > e, AR R R
AN, KA S B S R - 4S5 | s 3R P ) B AR R R B TR R A K
Bl A Ayl it 446 0 ) o B0 T Bt P R B R A K RO TR SR T LA HLIE R 3k Ak A RE
T R AR AR AR oKk e AR Ty A 07 R A 5 7 & PR A HLAE  JCHLAE | B 59 i ite B %
P2 = AR R FH 26 ol - Sl M, 1 ORI

AWEFE T X T AR HEAC AL FE (CK1 ), 22 Fh R AR B it i 0 42 T 38 07, 3X 5 Zhao %61 [l RFF 57 45
—2, BRI, 5 MU AR AL B (CK2) A1 L, 45 FRAE BC it AL B A EC (. pH {H LA BGERSR 0 & AR, X
JE TR UG AR 5 22 | AR AR = it Tt 2% 18 138 EC (E IR IR R AR Wk 2655 43, F s 4 A e 45 /0
BOAE B3R A T 7 T AR 22 T R A b 2

R EVEY L i ) 508 IR FUK o B SRR B, AR RSO ED A K & B LA EERZ
Devi 26 W 5T R Z ALK BC G RERS L E K GAR R R 7, BOAR I £k, 5578 Y i 98 2 W1 HILAIE TG AL
B EM B LAt F e 0% B R i /N AR R AR K RIS eV D TOHLAE A F B, AR AR, 5 00t A
(CK2) MHE, A HLIE 012 TEHLAE 13 AEW IR M1 B4 i (T4 4B BRI T R R B RARK
HRARFR AR TR ARAREK, [7] Aof 8 35 1A T R AR AR (b oo L 25 M 2R AR BE SR A HLIE 012 R A
o MR IR R A LR A, REAS I - HEE A A R T ORI R A IE MY IR R A K K
FH U TEHLIE 13 H1 5 SiLCa Cu Fe \Mn . Zn B S IR , BEISAERS - HE32 430 2 V- AR W fil R M1
HP A B 2 AT T R A e RS i SR e TR ARl

NPTV 3y L7/ e (0D oTve- ST N DR USTIR - L7/ e 95 ZAch RINIE 275 )i [ob N RE DR 0 = o S
AW FOCER & A R AR SR, 5 R A AL B (CK2 ) A B, 45 A it Ak B AR
HET FORAR ZE X NP K" Ca™ \Na® Mg™ (W, ABFFEIE KK, T4 Ab 3 £ oK 4 A KI5 05 IR R S
B EAE 2 T AR TR 25 0 BT R S8 . YT TR & s SE A K G Z B SR
FHICHE IR T ZL IR AT .

ZE LAk B A PR JEHLAE A0 2R 3 FRRALEC A it FH T LA T 385545, ek T KR 2R S bk
ARER Y E TR, 25675 RS e i Fl e 0T, A 3% T4 20#H (3.0 t-hm A HUIE 012+
45.0 kg-hm > TCHUIE B3+ Pl zs M1 FEAR ) AT 58 Ak £ KA K s it ik
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