el B RSINESZ IR m:

XRiPIZiis http. //www.aed.org.cn

N

FAERRGHEERICN B TR LB K= BRI
EIY, BRI, EAR, Gk, BT, EEE
FIHIAL:

EPHY, AR, EAR, S IR RGN B KA M K™ B i 2. Aol BEIR 5 PREE 2741, 2022, 39(1): 107-
117.

TEZR R View online: https://doi.org/10.13254/j.jare.2020.0677

L] RERGBR A HAN SO

Articles you may be interested in

B E AT X B K e B AR ORI FH Y S

SRUTE, XU, FHGRN, 5K A, 25, EEAR

FVFEIR SR 2EIR. 2020, 37(6): 924-930  https://doi.org/10.13254/j.jare.2019.0572
A B R 3 AR PR TR o B K i U R S Uk BR s
Wi, filhey, BRIESE, ABIEDT, £ R, M AOK, BRI, XA, F45E

AV B 5 FEE AR 2020, 37(5): 695-701  https://doi.org/10.13254/j jare.2019.0428

PR AL BRI AT /I 3 AR iR P B 52 )
TS, BRE AR, TS, 20508, JoiE, AR, HREIRK
LV BEPR S EREAR. 2019, 36(1): 9-15  https://doi.org/10.13254/j.jare.2018.0065

eV AN Rl i A it S AR = VR ™ 5 IR S5 04 52 )

SRURDE, EHGBL, ERNN, KBS, Ak, EIH E

LV BT S FRIEAR. 2020, 37(4): 503-510  https:/doi.org/10.13254/j.jare.2018.0254
FERIRFEXEE A AR SR R 7

WA, R, XRA, &R R, ARAER, 2R, XU, 5k h

LMV BRG], 2017, 34(2): 153-160  https://doi.org/10.13254/j.jare.2016.0231



http://www.aed.org.cn/nyzyyhjxb/ch/index.aspx
http://www.aed.org.cn/nyzyyhjxb/ch/reader/view_abstract.aspx?doi=10.13254/j.jare.2020.0677
http://www.aed.org.cn/nyzyyhjxb/ch/reader/view_abstract.aspx?doi=10.13254/j.jare.2019.0572
http://www.aed.org.cn/nyzyyhjxb/ch/reader/view_abstract.aspx?doi=10.13254/j.jare.2019.0428
http://www.aed.org.cn/nyzyyhjxb/ch/reader/view_abstract.aspx?doi=10.13254/j.jare.2018.0065
http://www.aed.org.cn/nyzyyhjxb/ch/reader/view_abstract.aspx?doi=10.13254/j.jare.2018.0254
http://www.aed.org.cn/nyzyyhjxb/ch/reader/view_abstract.aspx?doi=10.13254/j.jare.2016.0231

R &R S IFIEFH 2022,39(1): 107-117 Journal of Agricultural Resources and Environment

TP, A, WAR, 5 R LR G NE AT S TR A B S BRI, A TR IR S FRBE A, 2022, 39(1): 107- @
117.

WANG D D, LI L T, HAN B G, et al. Effects of nutrient expert recommended fertilization on the physiological characteristics and yield of &
summer maize[]]. Journal of Agricultural Resources and Environment, 2022, 39(1): 107-117.

FAERRGEGHIENE T REERER =N

I, FRE, ARG, KE, BT, TER
(A R IR S 3R B2 e, A5 450002)

W E: WER I TR RGN B R A BRI R2 0, 12019 4F 6 7 —10 JT 720 mg 44 RS RET BT & Th Wi R 25 T R I
A4 )3 , 12 B AR PR (FP) (B0 T (ST) (R 50% FAMEAERNE (NE) (78 NE S fifi_E it FH 22 32 B (RNE, 50% B ZUIE , it IE
HE[ENE) (76 NE SLfith FASHE ZUE (NE-N) 78 NE ik FASGEREAE (NE-P) (7E NE Jefi B AE (NE-K) 27 /M b B . DU FOK
22 i SR, TG HRA F EHIA B e R EOG A AR A DG SRR R A5 A, I T A e,
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Effects of nutrient expert recommended fertilization on the physiological characteristics and yield of
summer maize

WANG Dandan, LI Lantao, HAN Bengao, ZHANG Qian, SHENG Kai, WANG Yilun"

(College of Resources and Environment, Henan Agricultural University, Zhengzhou 450002, China)

Abstract: This study was designed to investigate the effect of the Nutrient Expert system on the physiological characteristics of summer
maize with the aim of providing a reference for its popularization and application. Field experiments were conducted during the June to
October 2019 growing period at sites in Hebi and Xinxiang cites in Henan Province. There were seven treatments including farmer practice
(FP), local official recommended fertilization (ST), Nutrient Expert system recommend fertilization (NE), Nutrient Expert system
recommend fertilization with controlled—release N fertilizer(RNE), eliminating N, P or K from the NE treatment(NE-N, NE-P and NE-K).
We used Xundan 22 (maize) to study the effects of the Nutrient Expert system and evaluated the chlorophyll content, photosynthetically
active radiation, photosynthetic characteristics, leaf anatomical structure, and yield in mature crops. These results were then used to
determine the effect of the fertilizer, fertilization rate and fertilization site on the yield and photosynthetic characteristics of the summer
maize. The results showed that fertilization improved the yield of the summer maize. Compared with NE-N, NE-P and NE-K, the Nutrient
Expert system recommend fertilization (NE, RNE) increased the summer maize yields by 28.69%, 23.23%, 22.89%, respectively.
Compared with the FP control, the average yield was increased by 16.62% and 11.40%, when using NE or RNE, respectively. Fertilizer
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application recommended by the Nutrient Expert system optimized the ratio of nitrogen, phosphate and potassium fertilizer, effectively

reduced intercellular CO, concentration, and increased the net photosynthetic rate of these plants which might exert a positive effect on the

anatomical structure and chlorophyll content of the leaves. In addition, the effect of fraction of photosynthetically active radiation on the

whole growth of summer maize was also higher in these plants. Moreover, the NE treatment increased the fertilizer use efficiency of N, P,0s,

and K,0O, achieving 29.63%, 15.23% and 40.55%, respectively with these mixes recording an agronomic efficiency of 11.95, 22.59, 24.49

kg * kg™ respectively. In general, following the recommendations of the Nutrient Expert system significantly improved the photosynthetic

characteristics of the leaves, improved the fertilizer utilization efficiency, promoted dry matter production and increased the yield of

summer maize.

Keywords : nutrient expert; recommended fertilization; summer maize; photosynthetic physiology; fertilizer use efficiency; yield
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1.2 i3 it

RIS 7B, 53 B BT IR0 B R R G
17 it I (Nutrient expert, NE, 77 [ 4V B 27 B fa] 3 A
9 53 2 AT ) 4 5L B8 B 2 “ F- ML RN F-A 7 X 48 AR )
16 NE 56l F A AN (NE-N) 75 NE LRl ATt i
JE(NE-P) 7E NE 3 At FARHEA AL (NE-K) (78 NE %t
fitlh bt JF) 2% 4 B HE (RNE, 50% £ 5 PR 2%, Jiti A2 4 [+
NE) 4 e 5358 1 142 E (ST) A1 24 A 1 T 1 ite
JE(FP) . #54b#E H A5G RS B W% 1. HEalie k4
591 k730 PR 2 (N 46.0% ) ALREIR 2 (N 43.2% , BN
60~90 d) . BEmR — 4% (N-P,0s—K.0 2 15-42-0) . 3
545 (P,05 12.0% , L T NE-N rhfdi Ji} ) F1 5 4k 48 (K,0
60.0%) . BLAb, B REL 7 > 15t A R FH &2 TR B RH(N-
P205-K.0 4 15-15-15) FIJR % (225 kg-hm™) , 8 & &
P48 TR AR (N=P,0s— K0 24 30-5-5) . &L i .
PRARAE A — TR A N X TR R 57.6 m?
(FExK=72 mx8.0 m), “IREE , FEHLIX 4L HES] . it
B KSR R R B 22, 3K R B R R 67 000 FE -
hm™, FH ) B2 2 b A R b > 15 A 7
1.3 MEmME S A%
1.3.1 HHERES D

TE B KA At I Fi R 5 150 b 0~20 em 1 4%
FE b S5 30, 2 30 3 pH OK - H2.5: 1,
B3R ) A LR (KoCrOr 25— AN ) Bl it &L
(Bf 0 ) AR (NaHCOS 32 $2 -3 5 L (i) Fl
PR (NHLOAC 2 2 — K MG 6 TR ) & 5™, 25

W2,
1.3.2 AEBRAE bR AR S 0E

B EKRBEG , T /DXL 4 8k £k, 40
AR FRFRL B ER 43, 105 CHERE H R 5 30 min J5 7
65 CHET R TR Y R . R AW H.S0,-
Ho 0,75 1 2 il 25 A DU, FH A3 S sl 5 43 A 4H
B LG0T KK G R T 53 0l I S AR RTORE AR 4
R B 2T E,
1.3.3 B m il e

B T8/ X U B 5] 9 £ KA 7 10.8
m’ (KX FE=3.6 mx3.0 m) , A SR X J5 R R BT 3, ok
JFH PM-8188—A HIAF 1) 7 43I R ASCIN 3 B o K 25
IR B 14.0% & KR YRR ™ i .
1.3.4 FERRAE TR AR E

G390 k22 3 S (e
N E E KBRS 40,56 d F177 ds B 2 A HERNS 39,
50 d 179 d) BEAT A BRES BRI 5E o

PG BRI E - A%/ DXCVE BT 58 4 e I
R T 39)) s Az i (b 22 JHARERN) , TOLESE
JEH9 11:00—14:00, 2R ] LI-6800 )45l 72 7 48 (LI-
COR, ZE[H) #E171456 A 3% (Photosynthetic rate, P,) .
S fL % JE (Stomatal conductance, G.) . g [8] CO, ¥k &
(Intercellular CO, concentration, C:) | 7 i 33 % (Tran-
spiration rate, T,) S5 GG 4R AR AN E -

g 2 R AN E < 2 /NI R Bof 8 4 i
FErt R ) sl At (nk 22 IR FESR ) , 2

F1 EEXAFAERKXERE (kg-hm™)

Table 1 Fertilizer application rate in different treatments of summer maize (kg+hm™)

b F it A 15 BE Hebi B % Xinxiang
Treatment Fertilization N P,05 K,0 N P,05 K,0
FP 2 A R B 194 90 90 180 30 30
ST AR HE N 210 75 90 210 75 90
NE T LR RGHAT N 207 76 75 207 74 75
RNE T R R GAAL N U0 b 5 PR 207 76 75 207 74 75
NE-N NE JLAth ANt AU 0 76 75 0 74 75
NE-P NE J&fith E ANt i AE 207 0 75 207 0 75
NE-K NE JEfitth A I 207 76 0 207 74 0

=2 Al T EA R R

Table 2 The physical-chemical properties of the experimental soils

Ho A H AL 2R Bl fff 220 A5 AL
Site P Organic matter/(g-kg™)  Total N/(g-kg™)  Available N/(mg-kg™") Available P/(mg-kg™) Available K/(mg-kg™)
{5 BE Hebi 7.2 24.9 1.6 91.2 25.4 138.2
BT % Xinxiang 7.6 19.9 1.2 103.3 19.0 120.9
http://www.aed.org.cn —109—



AV TR IR B A4 - 5 39 4 26 11

FEBE I, 3 oG BT I 2 R 5

I gt ) 65 P 00 R« A S SR K 0.5 em 2247 A2k
BT emx3 em K/INH e [ G038 i B R )
F, B R T YL 46, 76 OLYMPUS BH2 BUAR 4 i SRR
1853 BT 22 GE 16 B 3 /P 355 WA 1140 o7 B 4, A5 4L
7200 1% o FFH Image—Pro Plus 6.0 %Mk {5 53 B 3k
PR R R EE (LT) | B3R R (UET) N 3R &
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fEbR(E 1)

T2 E A RS (PAR) I 22 - TR 72 2 i
BHTC XU 11:00—14: 00, 5K A LI-COR190SA £k #:5l
AL IEER I E 2K PAR:IEI 2K F 7 0.10 m &b
B AR (PAR,) I E K 5 0.20 m db Y6 &4
BRI (PAR.) I K AR ER 0.05 m 405t & A 2R
B} (PAR,) R 5K MR 36 0.10 m 4b Y6 & A %4 4R 5t
(PAR.) .

1.4 HIELIES S

Fie HE I i G0 VR R S 4y R L EOK
HEELR 2% 45 AH T8 A, HAR G T

IR BB (kg - hm ) =AE AR T 90 50 s < AE AR 57 43

é\

fein

HE LA 2= G NE X 57 23 B R i - TR B X 57 70
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NE A 22 308 (kg - kg ™) = it IE X AE 4 77 - TC
HE XAy 6 ) Mt HE

FPAR=[(PAR.-PAR..)-(PAR,~PAR.))/PAR.""

Wk TE B =H AL R o0 B R i/ BRI A PR R X
100%

& F Microsoft Excel 2016 ¥F17 3 fib B Pg 5 A 5
RS AL B 5 SPSS 22.0 #1{F BEAT BN 2 J7 22 (ANOVA)
H1 Duncan H & i 25 3 22 51 8.2 0 b, 8. 35 1 KR

WA N @=0.05; Origin 8.5 FKFAER .
2 ERENH

21 AN ERRGHEREBNEEXRMHFXEGER
Eap=Al

M3 AAL FO G A (P) AL T E(G) M
(1] COL MR B (C) FZ5 M 3 2% (T,) FEA [ i S A $H R A=
B RS . ERSRERIS &, R
P, 23l ST(31.32 pmol * m™+ ™) >NE (29.37 pmol -
m~”-s") >RNE(26.36 pmol *m™+s™")>FP(24.98 wmol -
m” - s™) ; 7E ik 22 ] NE Al RNE 4 2 P, 5 24 31.03
pwmol - m™?+s7' Fl1 32.95 pmol - m™?-s™", g & & T FP &b
B, 5 ST AN B 325 5% (P>0.05) ; RNE &b B P, 751
2 —FEAR RS T HARAN P G 7R 22 A b
6] f£7E 22 5 , Horp NE FI RNE 20 384G FP kb F 43 5142
171 7.65% F113.01% , 22 5 A . 3 (P>0.05) . CGHEE £
DK ) 0 728 Ak 3 55 LA G e BRI AR A I
ks, TASET T 2R ETHRSEXK
F 50 B HEF T (4045 NE F RNE &b FH ) &5 FP 4b FSF
PIPE 5 25.36% T4 2 5, GG 6 s A8 Ak #
SRR nEA S Hd, PR EFIA AL
FRIA) 22 59 R B, P GFN TAE KT — ik 22 0 4
o Tt 22 AR CoAE 22 BRI T At A
W, BT RS ERRZGHELEIE (A4 NE FRNE)
QIR FP ST AL IR A3 AR T 1.76% .7.98%
22 AN ERRGHEEENEEXHFHEES
=M

N Ti) it A A B 4% B IS 2K S B Ak
ARVUILIE 2, 25 R F B, S AbH 2 3 a M4 b 1
R IR WU 1T — i 22 3] 5L R A et 22 -
TR R R PR SR TN

1—Mesophyll thickness ; 2—Upper epidermis thickness ; 3—Lower epidermis thickness ;4—Sheath spacing; 5—Mesophyll thickness. The same below

B 1 BEKMHRESHA

Figure 1 Anatomical structure of summer maize leaves
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R3 FRBEREXTERERALAHFFIELLER

Table 3 Comparison of photosynthetic characteristics of summer maize under different fertilization modes

qz «gaqtfq e H9BE Hebi % Xinxiang
I
5:;‘; freatment umolI-J:Ii’2~s") (molf;l{z's") (;Lmo(l:-lfrwl") (mmolT;fl’z~s") (;LmolI-J:ri’z-s") (molf;l{z-s") (Mmof:fnol") (mmolﬁif“s")
KWL NE-N  14.7420.62¢c  0.07+0.01b  196.81+19.65a  1.19+0.03b  22.62+1.49a  0.18+0.02ab 298.45+22.83ab  1.90+0.11¢
()}Ejflg NE-P  16.2120.78¢c  0.0820.01b 198.47+21.83a  1.0320.11b  23.67£2.60a  0.17£0.01b  319.72#35.17a  2.01x0.22¢
stage  NE-K  12312035¢  0.08:0.01b  223.0024.53a  1.16x0.03b  22.70+1.50a  0.18+0.02ab  305.90+23.65a  2.000.12c
FP 24.98+1.75b  0.16£0.02a 198.28+20.81a  2.21#0.09a  25.71+2.83a  0.18+0.02ab 279.66+20.76ab  2.10+0.23bc
ST 31.32+2.44a  0.18+0.02a 193.36+21.27a  2.14+0.24a  26.47x191a  0.17£0.02b  242.75+26.70b  2.56+0.18ab
NE  29.37#3.23ab  0.1820.02a  190.68£19.97a  2.28+0.15a  27.23+2.00a  0.2120.02a  185.07+10.36c  2.86+0.31a
RNE ~ 26.36x1.90b  0.16+0.02a 196.78+21.65a  1.97#0.22a  26.18+2.88a  0.2020.0lab 270.57+29.76ab  2.5+0.27ab
nk2zl) NE-N  25.91+2.85b¢  0.1020.01c  161.54+7.77a  2.1920.24b  22.20+2.44ab  0.10£0.0lc  160.70+7.68b  2.58+0.18a
Silking  Np_p  20.45:1.25de  0.14+0.02b 157.22+17.29ab  1.93x0.11b  20.23+2.23b  0.11£0.01be  151.96+16.72bc  2.36+0.26a
lase NE-K  17.13x1.88¢  0.09+0.0lc  166.42+18.31a  1.88+0.21b  23.69«1.6lab  0.10+0.0lc  197.12+11.68a  2.46+0.27a
FP 25.22+1.77¢d  0.15+0.01ab  127.52+4.03b  1.92+0.21b  22.33+2.46ab  0.13x0.0lab 134.36+14.78bc  2.59+0.18a
ST 30.08+3.3labc 0.17+0.02a 145.66+16.02ab  3.35+0.27a  23.45+1.58ab  0.13+0.0lab  143.43+5.78bc  2.69+0.30a
NE  31.03#3.41ab 0.16£0.0lab 131.15£9.43b  3.11+0.34a  25.45+2.80a  0.14+0.0la  126.75+13.94c  2.75+0.30a
RNE  3295+2.62a  0.17+¢0.02a 127.65+14.04b  2.96+0.23a  22.64+1.49ab  0.13+0.0lab 137.23%15.10bc  2.74+0.30a
HESH] NE-N  19.21+2.11c  0.08+0.01b  182.70+20.10a  1.59+0.07¢ ~ 22.45+2.47a  0.15+£0.02a 243.35+16.77ab  2.17+0.14b
Filling Np_p  1701:097cd  0.10:0.01b  181.97:20.02a  1.39:0.15¢c  22.29+2.45a  0.15:0.0la  252.62+27.79a  2.15+0.24b
e NE-K  14.24+1.57d  0.08+0.01b 200.37+12.04a  1.45+0.06c  23.10£1.54a  0.15£0.02a  262.39+8.86a  2.18+0.14b
FP 25.08+1.76b  0.16+0.01a  169.98+8.70a  2.07+0.13b  24.36+1.68a  0.16+0.02a 221.54+24.37ab  2.30+0.25b
ST 30.82+3.39a  0.17+0.02a  174.28+19.17a  2.62+0.19a  25.27+1.78a  0.150.02a  203.02+22.33bc  2.61+0.29ab
NE  30.03#2.30ab  0.1720.02a  166.87£18.36a  2.62+0.29a  26.52+2.92a  0.1820.02a  161.74+7.79¢c  2.81x0.21a
RNE  29.00+3.19ab  0.17£0.02a 169.13+18.60a  2.36£0.26ab  24.77#1.72a  0.17#0.01a  217.23+23.90ab  2.59+0.29ab

P13 R C— AL T s C—la] COVRE s T—28 I R . IR [R/ING TRk R b 3] 25 57 i 25 (P<0.05) . R,

Note : P,—Photosynthetic rate ; G.—Stomatal conductance ; C—Intercellular CO, concentration ; I'—Transpiration rate. The different lowercase letters in

a column indicate significant differences among treatments at P<0.05. The same below.

AR AR TR R R R o8
TE k22 W) 5 ik B i KA, PSS X NE \RNE ¢ FP
Sib FSF- 34 14 1 3.43% . 2.38% (5 BE ) F1 5.60% . 2.69%
(Hz).

23 ZNERRGHERBNEEKRMFRBILEH

& 3 50 B oK i 22 8 4% it N A BT I A 4
¥, 1E 5 it IEARZS R (FP ST NE,RNE) i - | J& B
(LT)FEXF R v PR 240 L HE A 455 (1€ 3a.3b . 3¢.3d) ,
HE AL AR 25 N (NE-N NE-P NE~-K) A4 IH- F- 4 Jfd [i1]
s e HAHESERAS (18] 3e.30) . MR BRI W 11 3 30 4
W12 ORI R R 25 T AN R R R R R
JE(UET) . F 22 2 JEFE (LET) F i R JEEJE (MT) 3% iR 52
PRRRAR R A (e 4) . LEME 22X S BEFIHT & PR IR
X B I R A 25 R DEA T4 BT, JE Bt A R ARk i Ak
PR [R] I R ff ) 4540 25 5 B3 (P<0.05) , LT 48 ARSL T
F20r RS EFEEIE (NE \RNE) AL BREE FP (ST A B
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YIS 6.87% . 4.24% ; UET . LET FI5 6] HE (SS) F5 5545
Jiti AE Ak B 2 ) - JC 25 25 57 (P>0.05) , B FFRA & K
RGPS IE R B 305 K P s NE \RNE AP M T4
FRi# FP Ab BEP-24132 55 10.06% .3.83%, 5 ST A BTG i

2 R(P>0.05),
24 RREREAGEEHENEEXRBEXRAEN
RETRI R

H Pl 4 7] 0 it A fob 2 32 i B FOK e R ROt &
A RRE S i (FPAR) , AR TRIENE AL PR 2 (A7 7 B3 2
5 (P<0.05) o Ml A 140 2] 98 52 100 AN ] e JES A 2
FPAR 2 BUC G218 B Bk a4, fent 22 =
FKTEZLE B W ], FPAR 35 ) 5 KA ; 7R R IR,
6 DX it AR R 25 R 4% Ak PR 22 ] G i 3 22 5 (P>0.05) ;
TERT 2 5 X, BT %50 & 58 28 40 1) 4 76 it JES Ak 2
(NE.RNE) % FP 4b H 4 57 12.96% .6.28%, 15 ST 4b #il
Tl # 2 5 (P>0.05) . TERERI  Mikk B R AR
B N FEA K FPAR B KA . i — 2B 0iF 98 9,
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Figure 2 Effects of different fertilization patterns on chlorophyll growth in summer maize
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26 B

FEE R B NE 5 RNE 2 HE 22 SR B, 5 FP Ak
2 B B3 (P<0.05), 5 NE-N .NE-P .NE-K 23 AH

It , NE &b 3 4% 51 38 77 28.70%~34.56% . 23.08%~
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Figure 3 Cross section comparison of leaf paraffin sections in different fertilization treatments at the silking stage

F4 FEEEREXMEEREE TR A #HSHEH R0 (L)

Table 4 Effects of different fertilization patterns on leaf anatomy in summer maize growth period (um)

R Jis:] HRE Hebi #% Xinxiang

Growthstage  Treatment L7 UET LET s8 mr Lr UET LET s8 Mr

Keiis  NE-N 130.25:11.87d  19.58:1.29¢  20.04£199h  3476£3.59c  89.05:5.64d  14874x483ah  19.22+1.95¢  2142:251ab  40.10+4.11a  102.59:8.08a

Openingstage  np_p 142.68+9.68cd  21.141.66c  21.82¢2.58ah 41.83+1.50b  106.02+1.41c  14847+456ab  19.29+0.41c  20.39+2.08)  40.88+3.37a  104.25¢11.40a
NE-K 147466.02bc  2446:0.89b  20.05:2.70b 40.61249%bc 104.12+4.15¢  136.60+14.99 20.55+1.26bc  19.27¢177h  39.15+4.15a  101.104.97a

Fp 146.34+7.70bc ~ 25.74+2.28b  22.56+3.12ab 43.14+1.03ab  105.72+8.56c  149.85+9.54ab  23.78+4.48ab  21.00+1.76ab  41.95+5.35a  106.30+4.92a

ST 159.022.19ab ~ 30.95+0.06a  22.38+1.28ab 43.56+1.75ab 111.06+1.04bc 155416322  25.83:042a  22.76+2.90ab 43.62+1.52a  111.18+8.69a

NE 171.54£7.71a 29.60£0.61a  25.63+0.32a  49.024¢5.28a 123.61+225a  155.71+4.46a  24.11x1.54ab  24.77:185a  42.12+3.82a  114.48+6.01a

RNE 164.95¢4.96a  25.75+2.34b  25.74+0.57a  43.27:2.55ab 119.83+6.84ab 150.737.03ab  23.54:0.54ab  22.19%1.76ab  43.69+1.73a  109.57+10.75a

22 4] NE-N 134.43£2.61e 19.36+1.72¢  18.65¢1.03c  33.33+1.23c  87.46+4.89d  149.61+8.50ab  19.02+0.91c ~ 21.15+1.55ab 41.81+1.64ab 103.01+3.61ab

Silking stage NE-P 142.6243.03de ~ 19.82+1.46c  20.19+1.36hc 42.44+2.83ab  106.6+1.73hc 148.71+10.23ab  18.97+1.42¢c  20.04+2.59h  40.74+0.98ah 106.20+10.82ah
NE-K 144.08£432de  23.65¢1.41h  2041:2.40bc  40.94:057b  101.31£3.31c  141.09+5.05b  19.96£0.79hc  21.181.16ab  40.39+2.97h  94.67+10.08b

FP 151.33+4.20cd ~ 2335£2.16b  23.14+1.49ab 42.69+1.87ab 107.51£9.10bc  150.539.30ab  22.51+1.03ab  22.38+1.34ah 41.16+2.12ab 108.54+11.18ab
ST 156.71£1.26bc ~ 28.29¢1.67a  23.96+1.36a 44.19+3.56ab 115.62+11.90ab 152.744.97ab  22.84xl.11a  22.61%2.20ab 43.45+2.95ab 110.17+4.43ab
NE 167.55£12.69a  28.44x133a  24.68+1.85a 47.1123.19a 125.76+4.95a  159.27354a  2243£2.55ab  23.81x122a 43.83+1.54ab 111.95+4.83a
RNE 164.70+4.72ab  2520£2.09b  25.48+1.94a 45.02+3.68ab 117.16+2.63ab 153.73x1245ab 21.68+1.17ab 22.07+2.13ab  44.48+0.28a 107.10+10.05ab
TS NE-N 115.86£6.52bc  1548£1.03be  13.960.64b  30.74£0.18a  81.75:2.09ab  146.05:1.86h  17.30:0.63bc  18.20£1.66ab ~ 40.07+0.93b  101.79+1.10b

Filling stage NE-P 118.56+4.92bc  14.62:028c  14.0320.66b 32.01£347a  82.52+3.36ab  149.57+4.14ab  19.01£1.20ab  17.58+0.85b  40.26:2.09b  106.47+4.99ab
NE-K 114.69+228¢c  15.87+1.95abe  13.23:0.68b  31.18z1.86a  80.32+2.08b  144.27+3.38b  16.67:0.15¢  18.26+0.79ab  38.86+1.26b  102.17+3.47h
Fp 119.54+4.17abe~ 17.4321.16ab  15.36+1.05a  32.660£3.3%9a  82.32:2.63ab  149.6£0.37ab  18.78+0.57ab  18.8420.36ab  40.48:2.36b  106.12+5.20ab

ST 123.77+7.75abe ~ 1827£2.24a  1542+0.82a 34.17:3.00a  85.46:5.88ab  157.88+2.00a  18.74x1.32ab 19.08+0.40ab 41.10+1.62ab  112.71+1.79a
NE 124811.93ab  17.05¢1.00abe  16.05:0.27a  34.65:1.81a  86.64:0.87a  154.81x14.63ab 19.48+1.31a  19.32:047ab 41.32+0.41ab 108.11+7.84ab
RNE 128.65£5.03a  16.92+0.19abe  16.58+0.21a  34.36:0.36a  87.68+3.08a  159.41+3.46a  18.62:0.82ab  19.84:1.04a  43.63:0.79a  114.18+2.51a

T LT— MRS s UET— R PR s LET— T 2 5L 5 SS—IHHH AL s MT—n S . R IR
Note: LT—Leaf thickness; UET—Upper epidermis thickness; LET—Lower epidermis thickness; SS—Sheath spacing; MT—Mesophyll thickness. The
same below.

(P<0.05) o FERBIWUT -t 22 J | 7= i 5 0f F g i) 45 L B A6 (P<0.01) o dE— % R oK B
S H (LT \UET \LRT .SS .MT) . 3 #15% (P<0.05) , £ FAE FRRE R 7R 8 0GR A3 B (3R 5) , DRI R K 3R
HEIR I ARIR B B E K. 2R a(CHa) FIRF28 R b Wlizdabn 5 mOC R, 45 REH], LKy
(CHb) TERESR IR 5 7= e i A0 ¢, P G AE Tt 22 1 FHOCAE 3 i 45 AR FF— B, UET FPARTER A
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Figure 4 Changes of canopy photosynthetically active radiation in summer maize under different fertilization patterns

14 000 T #85EE Hebi 14000 i £ Xinxiang
ANOVA ab a ANOVA
~ S: P<0.001 -~ S: P<0.001 a
't 12000 F  T:P<0.001 bed a}T’" = 12000 F  7: P<0.001 ab ab
= SXT: P>0.05 T = SXT: P>0.05
2 ed vy
= d :\é ¢ be
= 10000 F < 10000 [ ¢
- - :
i I .
: R
&SOOOT I
Jo L L] .
NE-N NE-P NE-K FP ST NE RNE NE-N NE-P NE-K FpP ST NE RNE
AbF Treatment AL B Treatment
E5 AEBEEXTEEXR"E
Figure 5 Yields of summer maize under different fertilization patterns
x5 FESEEFEEXSHRIKE RSN
Table 5 Correlation analysis and grey relation analysis of yield and physiological characteristics
o I b KWL Opening stsge it 22 1] Silking stage HEH ] Filling stage
SETH IR v — v 2 o PR v — RS v — T 2 S
Phyiologiodl | CRE GRREC KWE MR GRRE KOF MGRE XRE X0
indicator Correlation Connection  Connection Correlation Connection  Connection Correlation Connection Connection
coefficient coefficient order coefficient coefficient order coefficient coefficient order
CHa 0.05 0.39 7 -0.19 0.35 10 0.72:%% 0.47 2
CHb -0.08 0.34 9 0.20 0.30 12 0.87%* 0.54 1
CA -0.20 0.38 8 0.10 0.41 8 -0.03 0.25 9
LT 0.66%* 0.47 6 0.64* 0.45 5 -0.46 0.20 11
UET 0.91%* 0.55 1 0.91%* 0.60 1 -0.04 0.28 7
LRT 0.69%* 0.54 2 0.72%* 0.44 6 -0.33 0.19 12
SS 0.68** 0.49 4 0.57* 0.46 4 -0.43 0.20 10
MT 0.65* 0.49 3 0.71%* 0.50 3 -0.48 0.19 13
FPAR 0.79%* 0.48 5 0.81%* 0.53 2 0.87%* 0.45 3
P, 0.48 0.33 10 0.74%* 0.40 9 0.62%* 0.33 5
G, 0.07 0.23 13 0.86%* 0.42 7 0.35 0.37 4
C -0.76%%* 0.25 12 -0.56* 0.27 13 =0.79%* 0.28 8
T. 0.18 0.27 11 0.48 0.34 11 0.32 0.28 6

F: CHa— 43R a; CHb—IH 4 b CA—280 85 M. * P<0.05;%* P<0.01.
Note : CHa—Chlorophyll a; CHb—Chlorophyll b ; CA—Carotenoids. * P<0.05;** P<0.01.
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FIH CHb>CHa>FPAR>G>P,, X 5 Fl 8 b1 %) 77 45 1)
AL
2.7 FEHERRGHFMEIEXE EKIERF H RN
1 2% 6 A AT, FERS BRI X, NE Ab B B B
HBLF FH 243 5002 26.16% .16.63% .50.95% , 55 NE AbFH
A EG , RNE 28 80 5 & 19 IERE R 255 72 397 & i
X, NE &b B4 8 B0 A R A 2% 45 ) )2 33.09% .
13.83%.30.14% ,RNE 5 NE b BRAH L, —FHZ R A
o BEOKRE B IR R E AR R AR B S5
BRI — 2y ka3 Hodog £ a5 X AU AR 3005
I TS RE G X

3 e

AW A A v] S K, ST R
B R REMEARIL (NE \RNE) EESBE B £ 356 X
3 bk B ST AE (FP)F- 3434 77 16.62% . 11.40% ,
X5 F AR SILE oK it AR 7 FL R B IR S A
Jite 38 7= SR R B I 25 1A — 3. 5 NE-N . NE-P,
NE-K 4 HAH Lt , NE &b 38 53 5138 7 28.70%~34.56% .
23.08%~29.02% . 19.32%~32.18% , NE 5 RNE 4b 2% 5
AN E HIEB Z R RIERRE & 5 W R
5, AT BE TR R RO i K (60~90 d) L 1T
KAEF Wk, AR 2 BB IR IO 2N RE RS T 2
FARENAETXNRRNT K. ZEAERERV, AR
b 5 R4 B X VE P 7 Sk 15 M 243k B A 2 K- (P<
0.001) , PR3 58 FAE XS 7™ 2t (1) 5% 1 A% 68 1) 42 2 7K1
(P>0.05) , iX 55 2% jd 7 5 E oK B 98 Je A —
. NEFROLAL T A BERN A9 P 4, 45 ST A B AE B AR
16.67% B AL (Y [ B I 2K 325 B8 , X 5 1 g b IX.
RBRIEE R A O, Lk — 2P B E A e I Y o
P o AN [ it A A B 3] o o A8 3 ™ o DR 1 2

F6 FNERRFHEF IO E EKIERERIBIR M
Table 6 Effects of nutrient expert system recommended

fertilization on fertilizer efficiency index of summer maize

HERHR KRR
Hin 5 it Fertilizer utilization Agronomic efficiency/
Site  Treatment efficiency/% (kg- kg™ )

N P05 KO N PO KO
feRE NE 2616 16.63 5095 1473 23.15 33.02
Hebi  pNE 2771 2099 5347 1531 2305 1595
I NE  33.09 1383 30.4 858 2038 22.97

Xinxiang  pNE 2035 1837 3071 999 2480 23.51
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SR BRI, FORVE R = eak C4m LT
5T T8 B 2 O AR R SE B, 42 E oK i
B BT Bk B B4R T,

TR EZ AR AR G KRS
LR PR E R 2 . XGRS R B, RS
FOEA AR R F R R R 2 (] B 5 IEAHOG A
TR v R AE SR W 8 057 115 31 4 ] 7 45
NE 4 ST AbBEAH H , AR b I 2t 5 A S8 38 I i A
M2 i, R R F R R I R R S R S
WAERABVRR HREEE X SLEERER
FHOG X s I 1A B AR A B . FPAREPT LU
YRR VEAL 7 B T B SH, ARFFER, KL
FT—JE 30 N B2 1ok FPAR {5 77 B S B 5 2 1E A1
K (P<0.01) , 78 1k 22 ¥0 B+ K 5l J2 45+ 3% 1 % 1A
FPAR KB KM . TR0 E R RGN AE AL
FL(NE .RNE )5 ST Ab PTG i 2 22 5 (P>0.05) , [A]FE 1Y
LEVRAE AR SEINT A& /N I 2 B DN rp A5 B BE
HEIA Sy 4R R B L K OF BB A5 3 S A/
FBER FPAR (L (P<0.05) o M- F & F ok ik A5 6 A1
IS WY % = A L7/ I R NN TR AN
KAEERBRIG ERER KT R84 HEER
Wi, A ST 45 RS FE R T -k 221, 7= i 5
A ) 45 A 280 (LT . UET LRT . SS . MT) .35 A %
(P<0.05) . 7Emt 223 NE &b B - P JEE B 38 KT H:
b NE AR B, I3 B G AEH E S —E
) JEE B AT R UE 78 R AR 38 i, SE R RO A EH
BF ], $2 ) EORE 22 J5 RO A 35 BB B R
P,

A A BRI AR AL R S M B R OR A  E
JEASE I FH 2 AR 2 IS P F 2 B, AR SRR AR
I FH 23 2l A At A A R S A PR AR, A B
SO 4 R KR 7 X R R AY 1 3334 H [t 6 45 2R
R, EOKRA B B IR RR] 2853 00 o 26.10% |
11.00% . 31.90% , It B} 4% 27 3% % 43 5l /& 9.80.,7.50,
5.70 kg-kg'o AGRIG A, NE LbBA B B0 IERF]
I3 W 26.16%~33.09% . 13.83%~18.37% . 30.14%~
50.95%, JIEE Bk A 5 280 3 43 Jll S 8.58~15.31. 20.38~
24.80,15.95~33.02 kg kg™, 36K = T 4 [EF- 7K

4 ZEig

()& B B AR A PR G 7] A 208 & 2 B oKk =
LT R E R ARG AT AL PR A I Fem e
A BENEAL BRI £ oK 7= 5 Y e £ 5B 1 T4
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