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Effect of the different water soluble fertilizer dripping
application on yield formation of maize
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Abstract; In order to explore the impact of different water soluble fertilizers on yield of maize and verify the
effects of patented formula fertilizers and its application methods on maize under drip irrigation, the 6 kinds of new
type of water soluble fertilizers, which are formulated by urea phosphate (X1), amino acid(X2) , Humic acid po-
tassium ( X3) , water-soluble nano-organic fertilizer( X4 ) , amino acid water soluble fertilizer( X5) , half the amount
of acid soluble fertilizer containing( X6) , patented fertilization( X7) and no fertilizer( X8) were used in the study.
The results showed that amino acid, potassium humate can promote maize germination,and the emergence rate of
both treatments exceeds 50% in the first week. urea phosphate, amino acid, potassium humate can promote the ger-
mination rate of maize under drip irrigation and the germination rate exceeds 90%. Patented formula fertilization has

the highest leaf area index LAI, which is significantly higher than other treatments. also patented formula fertiliza-
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tion can promote the growth of maize.The whole plant biomass is: jointing stage X7>X5>X6>X3>X4>X1>X2>X8§,
flowering period X7>X6>X5>X4>X2>X1>X3>X8, mature X2>X8>X6>X7>X4>X3>X5>X1. The dry matter

transfer amount and transfer efficiency of amino acid soluble fertilizer had the highest contribution rate to grain,

which was significantly higher than that of the patented formula fertilization, and the contribution rate of dry matter

transfer to the grain reached 43.36%. Amino acid-containing water-soluble fertilizer and patented formula

fertilization were favorable to the increase of maize yield, which increased by 44.5% and 46.5% respectively com-

pared with the non-fertilizer treatment.

Keyword : water soluble fertilizer ; maize ; fertigation; formula fertilizer; yield

TR E RN T BB Z L R EY,
BEEh 21 2 2 17,2001 4 EKE &
R — KRR EEY) . 2013 4F, £KC &R
BB E S — IR, IR E R S
1Y 38.9% , 7R R E A AR 7 B B R B AT 4 2
BB . 2006-2013 4F | B 98 415 I T i
FE B S %, N 17 175.3 kg + hm > — EL3E 0
# 22 676.1 kg - hm ;2012 4F 5 f5 P 44 £ K = &
6915 kg + hm™, % 4 FH F ¥ 3 7 1 050 kg -
hn ™12 TR R 37 VR R T R R L i
BEARFHGE B 10— BB KB R, T e —Fh Ty
TRREREE A, 1 401 1) E TR | 22 12 1) it o 2> £ 1)
JKAEFHFVE P 0 AR 5 e =30k VB i /K i ES 19 4
R IR T A A AR B KR SRR AR Y FE
50 em HEZLUFHA SR B EFED , HilHE S
KAE 15 000~ 18 000 kg - hm 2= KR, 4= &
(i) FE [i] VB8 Y0k o 00 PR R 1B #E A 7 200~ 9 000 m® -
hm™, J/0 %] 4 200~5 400 m® + hm™, /K 40% /2
A0 A I RO BT AE 41 300 ~ 450,75 ~
135.45~75 kg hm™ B [ Y, ZUBEB 04 R FH 2253001
BB SR H AU IE P2 5 20% 10% \15% LA I, %
IRFTAEIE 15% ~25%"7)

Bl 2 VE R R G AR A ) 553 B, T VR K IR
MR bl A ROR . /K B B /K 5 e AR,
— PR T K E R Z T E A LR, BEREFRIT
2 AT, HARE A A9 09 75 BEARR aOAH I A9
R AR R BE 7, BE T M 35 i K b, B ) Bl A
Py e, HW SR A v AR SR Tz I T
WEREAE ' P ALK A IR K A e, (H
AR Bt A BRAR A TE A T AR S G R R AT
X e B 1 DGV, SRR RER I H B Bk, BT E AL
R /DI FE T ARHE ) A T K i A R T 32
RBRSEZ AN A B, RECAE KEIOEKE
NERL i TTZOK B IR I T R KRR B
FEPR A AR R 55 65 HE R /K VS AR S 2845, A HIL
IKBRERIFREIR RN G o R THRZEA R ZERKEIE

XHRHE TR A = YN, AR SCIE i AN AL | % M B J7
TENE FRIERENE | 2 A AR IR ST K PR 2K A
PUIEHI S R K AL 8 A Ab 2 6 Fhogh U K v Ak
G, DU 5D R OK 5 BRI B B K i 4
BERFEARIE , i — 2 e e KK LR P B 1
HEIER

1 ARSIk

1.1 ket

1.1.1 RBERAKREFEIL T 2016 4 5—10 HEH
SR ] T BT S AR R R 2 e Al BB AE e 2O
IKAT ]2 UL S 45 vk (45°38'N,86°09'E) #E4T
A DA TR 1L G Y b B D R T AL
T KBRS, AR 6.5 ~7.2°C AR IR TN
2115 mm ZE K 1 942 mm, ZEFE L 16.9>10, i
9 I ERE KB L B L IEALE 7.14 ¢ -
kg™, BB E34.30 mg - ke HALHE 18.0 mg - kg,
HREI130.50 mg - kg, pH {H }8.2, 1 IEAE 1.67
g - em” HEHKE 17.7%,

1.1.2 A Rk KRR 958, Tl ma AR B Bt B ALY
AR S

1.1.3  #kedt @ JRE :N>46.4% JOkL, B0
ORI T A BRAFIE ™ ; QB R — %4 . N>12%,
P,05>61% , K351, AR JE 15 B Ml B A FRA 7 A
72 QOBERIK : N> 17% , P, 0, >44% , By 7, AT JE ik
B AN FHEA BRA 7 A s @R IRET . K, 0>51% , #i
), E RIS A SR RS A R A O
TR . & AR >55% ,K,0>12% , 3 H , 11174 £ 5
KRR R A A 77 @ & TR A« FEFR > 50%,
R>18, AMLIT>40% , #3750, At s R I A b 3% 4
RN FIA T K9 KA HUAE . 98k 4 Bl
JFi>60% , RBEER > 12% , %5 W, 7 T DUFN A= P B4 ik
Oy R A A= s @ LR K AL . &R > 130 ¢
L7 ES>50 g L7, 4S80 g - L7 #E>20 g - L7,
5550 g - L7, 0l1>10 g - L7 VW, M @A E A )
PHEABRAFAE ™ ; @B FIBC L - i 3 AR+
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Sy iR FHICEC 5 6 B, T HE B R L I T . (36
~8-6) JHIHEE K ELHAIET . (32 - 15 -6.5) JH¥
FKL A . (33 - 14 - 6) , B 7 P A AE SR I M IR
B, R A i R — B ARl R IR H4 LR A, BRI
SRR JE A R A0 SR T0 B RN B R A e LU BT A
AMNAC 7 R 3R A [] A B RS0 0 A ) 2 ) 3 PR
B IR BRERER (A5 B TPRET R,
1.2 Rt

R 8 ANAbBE . B EBEFR K (UP) 185 X1
IRy S X2 JEAERRET , 105 X35 KAk
AHUE AT X4 & IR, 5 XS &&=t
PR /KO AL B AR5 X6 & R e At A >

RE X7 ANHEAE (4R CK) AR5 X8, BRxAEAh, H
b5 Ah P GRS B A A I, LA T RL FH K
Jiti AL () 7K g R AR Ak il FH vk 4% R A= B AT
SRR 1) s BEMLIK 3T, 1R 3 ik, 3k 24 A~/)
X, B4 /NX 110m* (5.5 mx20 m) . #&FhRH 30 em
+80 em ANFFATHE, 1 1 1 & 2 F7 ALK, A bl
126 000 #k ;R FH P EER 2.0 L - h™' i 2 i v
WE KR 4 800 m® + hm ™2, H AR U4 /N X 3 %
SR, T T A 3R i A ke A i) ke
AT KSR K K S S B E A
KF G ] R ek, e B
Jiti 5 382k R FH 17 A A BRA R — B

F1 HEEEKAE
Table 1 Treatments of fertilizing and irrigation
] 1 1y N — R N
WH W R AN NN i FAE *ﬁﬁ_%hk o
It Seedling Jointi Small  Large Tasseli %% Grain Filli Doush
em codiing JOImmg b bhell SEmE Silking formation Hhng - Loug
HEMEE Irrigation amount/ (m® + hm™2) 310 580 580 580 580 580 580 520 490
JRZE Urea 0 72 72 72 72 72 62.5 60 0
@%;% Bk MAP 0 3 4 5 6 35 3 0 0
Urea ;hosphate BiRHT Potassium o 18 27 27 37 23 18 14 0
AR Urea phosphate 54.5 64 64 54 54 18 18 18 0
JRZE Urea 0 62 70 72 72 72 70 55 0
ﬁggﬁ% B4 MAP 36 36 46 46 46 271 18 18 0
A BRAHT Potassium 0 18 27 27 37 23 18 14 0
IR K Amino acids 64 50 40 30 0 0 0 0 0
JRZ Urea 0 82 82 90 82 82 72 55 0
mﬁw TR — 4% MAP 36 36 46 46 46 27 18 18 0
Humic acid potassium BERAN Potassium 0 8 18 18 22 22.8 18 14 0
JESHEIRET Humic acid potassium 64 50 40 30 0 0 0 0 0
JRZ Urea 0 71 80 90 82 82 72 55 0
Kt é;j& AU AR —Ek MAP 30 30 46 46 46 27 18 18 0
fiagie s L .
N Water-soluble nano-organic BifREH Potassium 0 12.5 20 25 37 23 18 14 0
/(kg - hm™) fertilizer IKEVE KA HLIE 64 50 40 30 0 0 0 0 0
Fertilizing Nano-organic fertilizer
amount X5 JR#% Urea 0 72 82 90 82 82 72 55 0
L 4] WERR—%% MAP 34 35 46 46 46 27 18 18 0
IKEE L TREREN Potassium 0 18 27 27 213 23 18 14 0
Amino acid water soluble s = 505 1 o2
fertilizer o Q%MﬂQﬁ’HB 30 20 10 10 0 20 10 0 0
Amino acid fertilizer
JRZ Urea 0 77 82 90 82 82 72 55 0
X6 N
Rk MAP 4. 4 4 4 2 I I
SRR Ik @iﬁi it ! 345 36 6 6 6 7 8 8 0
Half the amount of acid solublejlh@&%qa Potassium 0 26 27 27 21.3 23 18 14 0
fertilizer containing é\/ﬁ%m7k¢§ﬂﬂ 15 10 5 5 0 10 5 0 0
Amino acid fertilizer
M%E*FWHEI 40 105 0 0 0 0 0 0 0
X7 Maize special fertilize |
LI 5 e AL ﬁﬁi:ﬁiﬁiie 1 0 0 120 135 130 0 0 0 0
Patented formula fertilization yo. ooy, o o ’
{[Jﬁ(:% R 75 H—J.HE‘]].I 0 0 0 0 0 130 135 62 0
Maize special fertilize Il
X8 ANt No fertilizer 0 0 0 0 0 0 0 0 0
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1.3 NMEMBRFE
1.3.1 A KRLFHFN T HER BN
PEFEER 4 BES m, IS IRZEER R 1 2 em LU
LoABRUE, 23 F KBRS 7 KA 14 K ek
R ST R R, PR T (HERE)
TOUS %) 20 3 B A R 10 B 52 )5 BB 48 5 i
R 0 S AR 4 R O I R SR T I A AL B
10 RN E 5 BT 448 5 i T ARG B0 2 < B/
X e A e — B0 oK 10 B, I 2 i A o T
=K xFEx0.75 , LAL= FpR - Ti] R < 557 - T AR
PIRRES B A b TR AR ; 2 (0 5 - R SPAD —
502 M£g R AL (Minolta, JPN ) Il 5 , 7 H [A] /)N X 4 A2k
FRFEHLZE 223 B 10 #F 5K A9 AL 0 2E 4500 22, B3y
{8 TW . A6 45 2R B AR Ab SO - AE AR 4 B
TESCYR Pt Fiedv B (B ZEFF A ) 402,
105°C AT, 80°CHE T, FREUVAE Y &
1.3.2 FEAFEMRBEENE  FPR I
7 BRI 20 AN FEBEFR f F O X, KT
JE R PTARUE K (14% ) 15 57 R = 2, I A
A ROMRA R R RN B TR 4
HMREE .,
1.33 THREBE THREBXERESTH
Ji 3T A7 A 0 5k Rt

THy B R DMT = 1 48 25T 4 i i -
LS NI R Y/

TR RCE (% ) DMTE = T4 B 75 B/ T
AEHAZE 4 5 5 X 100 5

T-Y B B i X AFRL BT IR E (% ) DMTP = T4
i A% i/ R PR X 100,
1.4 HIELESHSHR

B R SPSS 16.0 5 Excel 2007 #E474347,
Sigma Plot #4742 &, I LSD #4172 & L i 22
S

2 iR

2.1 AREIKBEIE EXKEKBZNE

M E 1A ERE RS A R BRI 4%
Ab 3 — JRLRI R JE] A I OO0 25 S AR — R e
FRAT (X2) FIE FERREN (X3) Ab BEAY H 1 R 4 1) ik 21
56.4% M1 50.7% , 2 & T HABALFE( P<0.05) 5 5
J& X1.X2 X3 Fil X4 Zb 3 i) iR 90% , 5
e TR AEC T i AR FAS it A AL B | X3 A B A H

i, k5 92.9% X1 X2 Fl X3 b3 5 2w T H:
AR FE KA RE X T oK ik 1R 52 ) A A ] B0 A7 AE
—EES A T T R | 2 3 IR R A IR A Ak
PRAZ 5 A5 F S 1 SR K I B AN R BE it
NEAS R, K 2 JE TG T e A B AR i, B R T
M AR PR KIS AR 3 4 ] G I i RIS IR A4 Ak B A
v, G T HA AR B KIS 5 6.8 JERITF AL,
B AR N FE AL 3 (X6) A R e i, i 3 e T
oAl AR FF A6 391 ) E it AR Ak R B v, B
FH At A B A it FIES Ak A o v B 8, R i T AR
FEEL(LAT) | LRI 5 it A Ak B 5 ey, FEWROh 5 & 3
iR 7K VL 3595 A i AU R0 17l P IO Ak B 5 30 S 2
P25 AL PR R 25 S5 AN B35 SO L ARy
T A5 5 2 BRI AL B AL 3 (X7 X6 ) SPAD i
AN AR AL 3 A v, 0 T A AL 3 5 AR
FEFRAR L B 77 i AR A 2 Jik i A B 1Y) SPAD i
& T R TR RAS it A A B AT T, R R
JERETR KPR A HLIE AN R 2 B R IR A T &
K AN TR IR ARR X K A s e 5 A B A G,
e FIC 7 7t A Ak 3L 1% b T AR S BIORH X 4, SPAD
55 FRAT A 5, (50T A6 301 6 R 9 B 0 22 5 1R
HFITFHME RS E i,
2.2 AEKAEERTEXK =24 K E =K #0E

H 2 2 F il AR R A /B A T, ok
ERIHN . XT>X6>X5>X4>X3>X1>X2>X8: [ T X1
X2 A1 Ath Ak 3357 G 2 T AN i A Ak 3 3 R
JEN 24.3% ~46.5% ;X6 X7 X5 b FEE T X1,
X2 FANEAE AL R (X8) . Wi/ /45 HM  , X6, X7
AR PR RS | FEML R AR AT A0 2 o T AL B XS
Ab PR 25 1 T A it A Ak B HC Al Ak B ) G 2
ZE57 X5 A1 X3 AbHRE K 2 T X1 FIAN it A Ak
P X4 AhPEAE G 2 T AN A A B Al 4 3L ]
RO #2555 XT A0 RS B0 2 5 T X1, X2,
X3 X4 FAEACANEE | 55 T X1 AbBRAN o Ath Ab P
GBI 2 T AN AT AL B, X5 Ab BRI 25 T X3,
X4 FIASHEALALFE X1 A0 FH 528 At A b 2 HC
by Ak B ) 8 22 S TR EE R IR . XT>X6>X3>
X4>X2>X5>X1>X8, Hith X3 X4 X6 X7 Zb# T
ST X1 ARG AR AL B X2 AT XS b B
AT AE AL B | At Ach B ) 2 22 S AR
T, o LMKV N AL R B AR A R
RO, P RS ERIE AR S e —
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i 4 Second week
mmm 3 . J& Second week %5 = i Third week
100 E=E 4 — )4 Third week & 5 U Ji Fourth week
#=s9 55 /N i Sixth week
300 = ) /\ Ji Eighth week
80 ) T mmm | Y] Tasseling
2 - | = )T 1 Silking
S E )
33 60 =2 200
i o fiEie
oo Y
=240 =
- 100
20 i
0 0 '-.:"-:i wl' i THLE 2
X1l X X3 X4 X5 X6 X7 X
At P Treatments A& ¥ Treatments
mmm #% 1 1 Jointing _ 59 Tointi
10 BB (¢ #] Silking 80 % ﬁ;ﬁfﬁ ;?il?:;[;g
8
60
< a0l
4 %)
4
20+
2
0 E ; i 0 |
X1 X2 X3 X4 X5 X6 X7 X8 X1 X2 X3 X4 X5 X6 X7 X8
4t P Treatments Ak 3 Treatments
B AREKEBLEERHER S LALF SPAD ERE
Fig.1 Effects of the different water soluble fertilize on seedling emergence, plant height, LAl and SPAD
x2 WHEARKIELBEXRNFTEESFE4H
Table 2  Effects of the different water soluble fertilize on maize yield and yield composition
k5 K/ om HHL cm B HATH FRFER g P (kg - hm?)
Treatments Ear length Spike diameter Spike column number Spike line number Kernel weight Yield
X1 11.55 be 3.55 cd 12.50 cd 25.90 be 32.34 be 12685.76 cd
X2 11.14 be 3.58 bed 13.00 be 25.40 bed 36.34 ab 12659.29 cd
X3 11.15 be 376 b 11.90 d 24.65 cd 37.92 a 13448.82 be
X4 11.12 be 3.73 be 13.05 be 24.55 cd 37.51 a 14259.30 abc
X5 11.77 b 375b 13.60 ab 27.00 b 36.02 abc 15207.38 ab
X6 13.69 a 4.40 a 13.65 ab 30.85 a 38.19 a 15642.77 ab
X7 13.51 a 4.28 a 14.15 a 30.45 a 39.23 a 15858.46 a
X8 10.49 ¢ 342d 11.70 d 23.25d 32.14 ¢ 10823.70 d
s A — B A F-BE R R AL BRI 7E P<0.05 KPR 25 B,
Note: Different letters indicate significant difference in P<0.05 level in the same column.
23 HEARKBENERTURERMERZRN RO (X2) RWEIERAEY RS, & 2L RK AL

A0

TR TPy i AR BRI T EOK B SR AR O Y 32
FRARZ —, 0 A 1 R OK K N0 A8 34T 3R 1Y o 2 4R
bro FATHA S EY R RN . XT>X5>X6>X3>X4>
X1>X2>X8, & FI L 5 i iy - - ZEFF 5 A 8y
hfscEn, B T HARAL B XS A TN
JEALHE | HCAth b B 7] 22 5 A8 1 255 R AR S A )
TN . XT>X6>X5>X4>X2>X1>X3>X8, & FI L 7
JEAE X7 R ZEFF 5 SR R O fem, XS Ab B
(I e e e, Y0 T T AN it I Ak B 5 R
YRR X25>X6>XT7>X4>X3>X5>X1>X8, &,

AN (X6) M A R K, & R it A
AR AR (B 2) o FEORFFAEIA R 25 0t
T-HJo EA 0 5 B AP B (1) 48.6% ~ 60.5% FlI
31.7%~42.9% (3% 3) . N TWI M i R
KRR ST, XS AL FRA T ) RS R F0 T
Wy o e A e X AR TR A e, W = TR A
Jit AT Ak B (X7 ), At Ak 3R] A 3k B G 2 25 S
X5 X4 Ab B 5 B 0% I 3 v T R I i A Ak
FR(X7) , HoAth A B[R] A TR B 5 25 25 5 T L, T4
[ LR RRFRL DTk R 1T 3K 18.5% ~ 43.36% , R A
[ 2 R K s A 28 ] DA o T4 R %
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40000 40000
o mm:Ff stem P4 Silking o ) K45 W Jointing
S Leaf &= 7 Grain
f_:E B /E 9 i Total biomass § D 2% #F Stem
. o S i} Leaf
=0 30000 =0 30000} E= a7k 4 & Total biomass
& &
Z Z
£ 20000 £ 20000
2 2
3 9
] ]
= 10000 = 10000
) ) Ll
0 07Xl X2 X3 X4 X5 X6 X7 X8
/it ¥ Treatments it ¥ Treatments
40000
B Grain R #4 ] Maturity
[ == Ff Stem
o N Leaf
E 5 4 9 5 Total biomass
£30000
3 I
< g
Z 20000
< =
g
2 g
2 10000
# 5 1 |\ E §
07"X1 X2 X3 X4 X5 X6 X7 X8
4k ¥ Treatments
2 AEAKBELEBETHEREDE
Fig.2 The biomass under different water soluble fertilize
3 AEKBELETHERFENTURERMER
Table 3  Dry matter accumulation and transferring before flowering under different water soluble fertilize
THAER ek TR o, TOIREGISTL
. Silking Maturity e The amount of $‘%DJ\%*§)&%_ X R DT
| — " - — " = Yield Iy me ry matter .
Treatments U BENERY/h el B 1e " dry matlf:r remobilization Cnntrl]?u.nor‘l of
Stem Total biomass Stem Total biomass / (kg hm™) translocation ffic /% remobilization
B N B N I efficiency/ % ain vield/ %
/(kg - hm™?) /(kg-hm™?) /(kg-hm™?) /(kg-hm™?) /(kg - hm™) to grain yield/%
X1 10832 be 18251 de 6552 ¢ 18588 b 12686 cd 4281 ab 37.82 ab 35.87 ab
X2 11981 ab 19946 cde 8662 ab 25292 a 12659 cd 3319 ab 27.19 ab 27.97 ab
X3 10643 be 17579 de 6933 ¢ 20340 ab 13449 be 3710 ab 34.93 ab 29.58 ab
X4 12351 ab 21166 bed 7028 be 22169 ab 14259 abce 5323 ab 42.48 a 39.81 ab
X5 13219 a 23230 abc 7082 be 20191 ab 15207 ab 6137 a 45.37 a 43.36 a
X6 12948 a 243788 ab 9523 a 25034 a 15858 a 3425 ab 25.25 ab 23.41 ab
X7 12977 a 26715 a 10194 a 23751 ab 15643 ab 2783 b 20.74 b 18.50 b
X8 9825 ¢ 16502 e 6090 ¢ 17825 a 10824 d 3735 ab 36.60 ab 37.07 ab
o L A5 5 Tk
3 0 ik

BIRLR bk Z M 25 22 o 3SR
IR ) A0 7 BR 1 X 1, 52 0 1 A R GE 57
TP A A e AR B R, B
SRR EM AT R I EBE b
LR Z I RA M PR, — RO R k= 25
PALES SR NEeT UL GRIDE R AN = E 7y
VERPEDI A R B = R R 20 B, i [l 1k
55 ARG AR 00 A R P i A
Xof BORBE S Fror s Ay A i 4R = 1, A 2
MR AR e AT R 5 R D5 M NE AR
FE, At ST E A T B A8 £12 i i 98 R OK 2R fie
HE KA AR R (5L M e 7 it M A 565 — K Bk i
REAS (2 HE FOR AR, 32 i TR Ay i FR S T ot R

WFFER M, Tt B TRbs R AR R #1Jm EK
FEER, H PR T A R R AN BE B K L B
RESE o HH 25 L R IRC 75 it S 7 412 w8 6K o i a2
LR R R B L 1R ol T
il SR, SR | AR R ELAT O A K
SRR BT S DA DRl e IR 0 I A i Ak 3
AT EREE, BA G 8 T30 i LS54
FT, AT LAREAR: - 38 v 9 30 KA i a7
M3 5 5 K HH R i TR IR e A 1 €, RE RS AT BR
BEARAR DX ARl SR X R pH fEL, ks 4 4 g
TV, DT B s B A o ek R
Ha ARHEFED) A R SRR TS DR i R MR ALk 3 K
HH B R AL 7 5 MTAS IS P e R IE 5t JES v oA 3
L FIEECTT CErg e )7 h 2 gkt ) |, THE B0k
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LHNE T R AR 0 -5 B M R 5 B AR, e &
ABC T it HE ALk B F) H i 3 R 0 A v 0 R 2 B
R ACH LRI T7 AL X T Kk e T AR
T R R0 ZAS IR, X T R A
NARBESER T M Hp < 23R8 56 — K JE B 8], 5
PR, fEUETRE TR R & BB X — R M
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