5508 B2 B H A 2 # Vol.28,No. 2
2008 £2 H ACTA ECOLOGICA SINICA Feb. ,2008

ZEISREXNXPEXEEXK(Zea mays L. )
HEXSEEERNFN

LEp ,EEL" BER R RER 2R E

(1. FRALRMBHERER DL, B 7121005 2. HFREERE, Mk 719000)

WBE: SENEERERNE RFHALSH MR OL AN ER, EENELHARRERFTHEE=NERY
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Effects of planting density and nitrogen fertilization on population physiological
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Abstract; The reasonable plant density was the base of constructing the good population and optimum population
physiological functions of maize, the suitable nitrogen application was the base of nutrition matter of maize photosynthate
production. The D-saturation optimum design and crop population physiology were used to investigate the effects and

relationships of plant density and nitrogen fertilization on population physiological indexes and yields of summer maize in
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Guan-zhong irrigated zone. The results showed that the relationship of plant density and grain yield, DMA ( dry matter
accumulate) , MLAT( max leaf area index) , LAD(leaf area duration) , CGR( crop growth rate) are positive in the range of
45000 — 75000 plants/hm’; The relationship of grain yield and leaf NAR( net assimilation rate) were negative in the range
of 45000 — 60000 plants/hm’, while its were positive in the range of 60000 — 75000 plants/hm’. The relationship of
nitrogen application and grain yield, DMA, CGR were positive when nitrogen were less applied 600. Okg/hm’ per hectare.
When nitrogen were less applied 260. 55 kg/hm’ per hectare, the relationship of nitrogen application and MLAI, LAD were
positive while the relationship of nitrogen application and NAR were negative. During the nitrogen application range of 260.
55 —600. Okg/hm’, the relationship of nitrogen application and MLAI, LAD were positive while the relationship of nitrogen
application and NAR were negative. The influence of plant density on grain yield, DMA, MLAI, LAD, CGR were higher
than that of NAR. The influence of nitrogen application on grain yield, DMA, NAR, CGR were higher than that of MLAI,
LAD. The effect on the grain yield and population physiological indexes of maize Shandan8806 were more significant than
that of nitrogen application, summer maize shaandan8806 should be reasonable plant density in its production. The optimum
technology programs of the factors of summer maize in Guan-zhong irrigated zone were given; the optimum combinations of
plant density date and nitrogen application were 61713 — 66177 plants/hm” and 309. 88 — 569. 02 kg/hm’ respectively

under the conditions of the experiment.
Key Words: summer maize ;plant density ;nitrogen fertilization ; population physiological indexes ;grain yield

EK(Zea mays L) CAEY), B—FREBREY , KT YR 81 90% UL LR i bR A4/,
ERBFPIRD RER LURIE, SRR L A AR A B MR R AR A R — R R R, T
Fe AR R BRI KA A PR L TR BHR A Y6 A A SRR AR R R B E AR AR

FE—ERESHES, BESREREREYAE T REZNWHERR, G ENEE S SHEN R
FEREYSEREHBDESRMF . ER-RBE RS HIRRE R RBOVED, KR E KR T 21 R
FRRERBARR A AR Y B A ER B E SRR A RMARES Y, T wE 5 RE
A FERBRE IR R , R H X E R BRI B A 8

ERBEXTEX FZERENETAEY , AP R RN E R PEXNESHE S, FESAEHAE
5E T RBOL A BRI 38 R R H BB , 33 E KBB4 B SR OC T X i B R A = SRR R —

TE R BB HHEAMIE R E X .
1 #RERE
1.1 Ao

BE T 2005 45 6 A% 10 J 347, I ¥E7E T RFE X P K ASKANBEAAE HE R SFHHEA =L
RTBIX (34°21'N,108°10'E) 5L, o7 T3 HEE X B O3, IR S B 458 m, I X FORAE K FNERA
5 R X IS BEA G EAR B K HEH TR B SRk, iz A/NE 135 ,0 ~
30cm #2134 pH (B 7. 8, TIEERME A VLR 19. 88 g/kg, 2E(N)1.09 g/kg, 2B(P,05) 0.80 g/kg, 24
(K,0)10.21 g/kg, AL 9.20 mg/kg, HEAHE 15. 85 mg/kg, A4 128. 56 mg/kg,

1.2 JEAE SRRt

RIS B ZEAE = 4 R B BE TORIE B B FhBE B 8806, A E - BT R M, iTAHR R
W X B I E B EOR AR s RS AR A B IE ) AR E, SRE 46. 0%, ZEEBFAHT,UHE
EAMEERAEZEREEF, RAZERER RGN D RiLkit. ARBEEFHIFEKFEZREERER 1, H
AN B B SRS E K H E) Seti e Wk 2,3k 6 b3 BEDLHES , R 4 Wk, Hd 2 N ERMABENE M, /D
X 28.0m’, KIEIEFHE B RN T R (HIR R ) FFiA S8, 18R 4 ~ Tom, FUIE B9 M 15 R 2L
DIBAER 2:3 B HLBIHEAT , 4 40% MRS F AR BAL B EOK 3 M RBEAME A ZEIEFF A ,60% M EIE T &35
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AR 7 MR B IELE 5 — AT A, I3 ) S0t A% 1 A e T SRESR R A

F1 HABREFHTKEREMLELE

Table 1 Zero level and change space of experiment factor

M H Items %, () Density ( plants/hm?) %, N & Nitrogen( kg/hm?)
ZFIKFE Zero level ( %) 60000 300
ZE AL BE Change space(4y;) 15000 300

F2 ABREARMBEAREAEAIELTR

Table 2 Field experimental design scheme and coding project of experiment factors

BEAR S
ReehrES Coding project Field experimental design scheme
Code of treatment x BE % BE %, 5 Density %, #F& Nitrogen

Density Nitrogen ( plants/hm? ) (kg/hm?)

1 -1 -1 45000 0

2 1 -1 75000 0

3 -1 1 45000 600

4 -0.1315 -0.1315 58028 260.55

5 1 0.3945 75000 418.35

6 0.3945 1 65918 600

1.3 HABAENERE 55k

S MBI RA AR TR T . FORMRAIE 3 A A 2R TF, 5 3, 4 5 R T i
B4R, B 0K 3 MR ARBEFT AR E K 7 MR 13 MR, R MEREAL 23 T Lom 22 Bt
#28, FRBAEEXR 3 HET HE13 R 228 12 25d ROBCERER 5> FIBURE 10 #RFEATREA A B AR
FIMETE, MESWER MK (L), A5 &SR T8/ 58 (W) , M RBEAOE A 4 IR AR
TR MR ER(LA) = Y (L x W x0.75) ,HEFIEH(LAD) = HRHER x A4 - mERN
MREL 7 B T HIEAR, R OBAE(LAD) = 0.5 x (LA, +LA) x (T, - T)) B EARMKREHESHE, TT
JEAH 105C £ TR F 30min ZJ5,80C T ZIBE, e TYWRREEHHEHRPRERAEYAEKE,
BRSEILE(NAR) = (W, -W,)/(T, - T,) x (InLA, -InLA,)/(LA, - LA,) fEPIHEKE(CCR) = (W, -
W)/ (T, =T,), b3Xdr LA, (LA, 53308 T, \T, BRI TEAR, W, (W, 53308 T1. T2 By Rl TH AR E & . TR
REEN E A Y2 BRI 8%,
1.4 HABHESET T

RFARGE R AT LR MR K2 8 BB RPTH B LNT Rl R Bt - a T
2 BRESH

R E AR BT R, B H R R A B IRS A A R . MRS RM ERFR=E(Y,) 8
T RRER(DMA) (Y,) it ERIE R (MLAD) (Y,) BEHEEE B H(LAD) (V,) 24T A F g
[F4LH(NAR) (Y5) R2AT I FHEYAEKI(CCR) (Ys) 3 FK 3, MNEHEEHERSAMIRERE
B () MR R R (x,) HEATRIABRL, 85 AR RIS TR 4, SHRAEBIER7ER MR B T A FE
AR FAL R EUHES TR 5
2.1 HFE AERMBHAESERTR=EHRLR

HE4 T, ABRFHERFENRR S ERITRF=EWEIH RN FERT F, o, R HE i EEE
BRRBERR, 5ERROEDEST, TRTER . Z2RBEDITES RS NN R T ENLEHRER
e, FroRAA R ENIH R CAREL , BOLEXER N HERBSZEXN AT ENEHREE ., HEBEFREY
— IR EH R BOT A, B E ARG E SHABHAIEMHRX, SE4K S PHEARERE(BER) EAH
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BUEACFRFPR ™ 8 (N R ) WL, ZE Wit R A — S W N (0, BMH: -1 ~1.%,MB(H . -1 ~1) ,lEEH
B REAEREK, TRAPR 28R, IEE REMAHE SR BRIV IEM X ANFRBRAKFH
FARFPR= B R REON 22. 94% , SRR A AR B TR 2R RO 5.72% , 7 W, TR £k
FPRL BRI B K TRAE , 725X P X AR AR5 P , FORMPRL™ B i R X B BV UK, A= E 5

AR A,
®3 EXRFHTCBERBEAEEEFHOHNRBER
Table 3 The result of grain yields and population physiological indexes of maize
REES 1 CFFR=R) Y, (DM4) Y3 Y, (1AD) Y5 (NAR) Ys(CGR)

Code of treatment  Grain yields(kg/hm) (kg/hm?) (MLAT) (7 m*+d/bm?) (g/(m*+d)) (ke/ (hm? -d) )

1 6129.61 11985.75 3.1767 219.53 7.24 161.46

2 9920. 55 17425.50 4.8514 339.82 7.97 237.71

3 6505.99 13266. 90 3.1240 213.61 8.67 194.89

4 6777.52 13476.31 4.2301 267.27 7.98 184.97

5 11289. 84 19589. 25 4.7414 340.35 7.72 254.51

6 8711.46 18575.42 4.3818 289.83 8.61 229.59

F4 EXRENERBEGEEERSERBERHERAGE
Table 4 Regression equation among experiment factors and grain yields and population physiological indexes of maize

B E& Factor [E]J9 72 Regression equation F{E F value
Y, %%, Y, =7109. 687 +2233. 67x, +526.393x, + 1635. 548x% — 193. 769x3 +338. 203x, %, 477. 1984 **
Y,, 212, Y, =14082. 89 +3533. 906x, + 1454. 608x,893. 78522 + 1184. 1543 +814. 033x, x, 78. 409 **
Y;, 2%, Y, =4.3296 +0. 78x, —0. 84x, —0.29622 —0. 10323 - 0. 057x,x, 167. 1793 =*
Y,, %1%, Y, =274. 6927 +59. 873x, - 3. 232x, +8. 16527 —6. 41423 - 0. 272x,x, 1326. 107 =*
Y, 2%, Y; =8. 0409 +0. 031, +0. 381x, —0. 42922 +0. 37443 - 0. 334x, x, 144. 3349 =*
Y5, 1%, Ys =191. 5565 +37.263x, +15. 853x, +19. 0217 +4. 863x% - 0. 862, x, 73.3019 **
£5 HRBEERTRKENFN~BRECEERFHE

Table 5 The result of grain yields and population physiological indexes of maize at the different level
RBEE 95 Density x;
Experiment factors -1 -0.1315 0 0.3945 1 E S CV%
¥R =& Grain yields( kg/hm?) 6511.57 6844.24 7109.69  8245.41 10978.91 7937.96  1820.63 22.94
ETYHRAEEE DMA(kg/hm?) 11442.17 13633.04 14082.29 15615.52 18509.98 14656.60  2620.98 17.88
k22 B3 T ERIE ¥ MLAI 3.2536 4.2216 4.3296 4.5916 4.8136  4.2420 0.5987 14.11
BtE&# IAD( x10* m? -d/hm?) 222.98 266.96 274.69 299.58 342.73  281.39 44.04 15.65
YiE L% NAR(g/(m? -d)) 7.58 8.03 8.04 7.99 7.64 7.86 0.23 2.93
Ve K% CGR(kg/ (hm? -d) ) 173.31 186.99 191.56 209.22 247.84  201.78 28.77 14.26
SE 14 Average 14.63
RBEE #F Nitrogen x,
Experiment factors -1 -0.1315 0 0.3945 1 E S CV%
¥R =& Grain yields( kg/hm?) 6389.53  7037.12 7109.69 7287.19 7442.31 7053.17  403.13 5.72
ETYHRAEEE DMA(kg/hm?) 13811.83 13911.49 14082.29 14840.42 16721.05 14673.42 1213.77 8.27
k22 B3 T ERIE ¥ MLAI 4.3106 4.3386 4.3296 4.2806 4.1426 4.2804  0.0802 1.87
EIeE# IAD( x10* m? -d/hm?) 271.51 275.07 274.69 272.42 265.05 271.75 4.03 1.48
YiE L% NAR(g/(m? -d)) 8.03 7.99 8.04 8.25 8.80 8.22 0.34 4.14
Ve K% CGR(kg/ (hm? -d) ) 180. 56 189.56 191.56 198.57 212.27 194.50 11.83 6.08
SE35 Average 4.59
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2.2 FEARGCHESEXRTYRTNEEN KA

H#E4 MEH, ABEFEEREESREMAENEXETYRRERE (DMA) BIAFBRK FEHKXT Foo,
KA FARRMEERS, THTHEIRH . dEAFRTH, FEAMRREAES DMA ¥ 8 IEMHX, DMA
B ERAPR = B I B YR B Rk 85 DMA g4 675 I, — % 5B EMRAR X ARV
8o REIFEKFH DMA R RZE N 17.88% , AR EFEH DMA R AEN 8.27% , FIRER A, % 8 Xt
TR BTYRMBEREEMIN K TR,

2.3 HFE.ARGHES EXRBAOCAEHEIERN LR
2.3.1 &

FEMAERIRE HE 5K MLAIL LAD \NAR .CGR 4y BIEESL BT AR (£ 4) , b FIABEN F ERT4,
SRR EMEENR S, THTEE . AR4WEEFREES TR, EXREELEN, BES
MLAI.LAD .CGR RIEMR , fE—E BTG E (2 B5MH: -1 ~0) , BE 5K NAR RILHIEMR, TTE 15
fH:0 ~ -1 TSP, BE 5 F K NAR kR, 7EiEe %5 Ta BP9, BE 5 8806 F 2Kk MLAILAD .CGR WEF ¥
B3GR K, 76 R BB B )R, MLAI LLAD . CGR 3R F¢ B B B BI/KF, FHHAPL B 8806 T K A9t 45 14
B, MR« BME 0 ~ -1 MTEEP, EK NAR RESS B 3% K TR, NAR BIRRARE 9, RE 5 SR 10
R ERMFHTHEERE BOCA YR B I TEZ ST TR, BB 8806 T K MY 25 Mk B4, (Bt A A3
HIFPIELSEBE . 7E MLAILLAD .CGR {7588 K FHI FIiY , NAR A = TARMK , 330k TR A A~ A5 45 BP A 2 i
TR, LAI x NAR X B BN R B e W20, B 8806 KT Bk BB 4T, W A3
A

H#% 5 AR B R B A BRI AR 28 57 R PR L, 35 0 oK MLAILLAD [ CGR WK, % NAR $0R
BN,

2.3.2 REWAE

HE 4 WEAFREERS A, REGHES MLAILLAD R kK, E—ENREAEEEN (x5
fH: -1~ -0.1315) , FK MLAI LAD FER ZE BRI KGR, MAER R E . BE: -0.1315 ~1 JEEA,
ZHEMEREZAENIERTE/D. E—EMREHEEEN (5,BE: -1~ -0.1315) , EX MAR R EHE
B3 KB/, TIAE R R FA R », 58 —0. 1315 ~ 1 JEEN , VAR R X HE N KM L, ERBEHRE
FETEBEW, Ek CGR 5SREAMAE NIEMX,CCREREZFENM KRR R, NERZHE «,5E: -
0.1315 ~ 1 JEEW, MLAI 5 LAD FERZEFBMIE KB/, RN A X, MM TEE W ,NAR 5 CGR FER
ERB KT, B HIEHRE, B LAl xNAR 2B RETRERENEX T8 mMERER
2 5, 15H: -0.1315 ~1 {EEN, REHAEM MLAI.NAR B9 X R R , 5B # LAl x NAR ;A KA ER &R
F B B E IR, Bp-A 3 A

%5 ARRREHEMEHREEERN R R, BEMHEX EK CGR F1 NAR B K, M E
>k MLAI f1 LAD mE/N, EARFFRL=8 .DMA MLAI .LAD \NAR .CGR 7ER [R5 B /K FHIZE 7 REUCH 2. 93%
~22.94% ,EHAEFR IR 14, 63% ,F WA HIER T AR AR EHENERZFZEN 1. 48% ~8.21% ,F 7%
FER 4, 59% , B ., 25 B X R KRR B KRR BRI BT AN K T RUE
2.4 FEAREFHEESAEREGEARBMATE

RIS T BB R BN TR AR A TR UERFR =&
=>8250kg/hm” X B4R, ik 5 E SRR AU BAR T RE 2 B(FXK6) . MUFT RN FEARSE, HE
61713 ~66177 #k/hm” , FAEHE FH B Jy 309. 88 ~569.02 kg/hm’,

3 gighitie

W SRS R BRI R R, AT L ) B 24 5 REAHE

Y= 2R, X S R AR YR R A B R AR 2 R KO AN B R D, T ki 4 B A RUIE 55 R A
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A EBEHEIRI R R, B = F W FARRMOG S E BRI R RO BT 5T

F6 EXFESABBSHS~HARLFTRERSH
Table 6 Regression analysis of optimal high yield technology design on planting density and nitrogen fertilization in maize

R & Density(v;) AF Nitrogen(x,)
Variable YR¥L Times $5i#R Frequency YR¥L Times $Hi % Frequency
-1 0 0 0 0
-0.1315 0 0 0 0

0.3945 2 0. 6667 1 0.3333

1 0 0 1 0.3333
471 Total 2 0. 6667 2 0. 6667

%; FI9{H x; mean 0.2630 0.4648

S, FRHEIR S, standard error 0.0759 0.2204

95% B {538 95% confidence interval 0.1141937 ~0.4118063 0.0329285 ~0.8967382

61712.9 ~66177.1 #/hm?

icultural
LA Agricultural measure 61712.9 ~66177. 1 plants/hm?

309. 88 ~569. 02kg/hm?

Ve 72 R — AP RS AR, TR MR R B BT B ok i A 72 B A RE R B A K R B IE AR o il &
B UEIRE R R B o B s . Kk CUEY, R—RE DL B e, TR 90% U 2
FeAVERAET= Y BT, 3 KA P BT LA F KRR G A A BHEARE R T A

HRETEE SRERA MR EOL A R BB X R R AN, AW T 7E X E X AR
78 45000 ~75000 #k/ hm’ R LN, B 5 ERARE 8 A T YRR E & k2 i m AR Bt
B FEIE YA K R R A A TR AR N IE A 26, 7E 45000 ~ 60000 A&/ hm’ B 95 B8 TG B P, 86 5 Fok - A
SR AL BN IEARSE , PR 8806 T K7 I 4 B 5 B A I v IR K 2R R I 8 B O 8 KT 38 K , R L 8 )
TEFE R F PR 8806 FRREEHM , EEEFELEN, EEREME K, iFRE TAKERNERE, 5T
FRMHHOEARE, TTE 60000 ~75000 £/ hm® B4 B TS B, 9B 5 kM A F 4 R R b kX,
TR TR P, PR 8806 F oK I i[RI ML Ze e 25 FE 1 3 K B TR A%, REAZE MR VR, 35 8 I 4k 43
FoXtF BRI 8806 E KBNS B EEZHEAE 0 ~600.0 kg/hm’ (FEE M, REMAE S EXTR .5
FYRRRE PR KRG R A A IR N IEA X, ZER Z M £ 0 ~260. 55 kg/hm” BYTEEIPY , R E M
A 5E K22 TR BB NIEMR, 5E KM EEe R AR R AR, iR B TR ES
M TR B, BT M R R T PR T oKk B AR, e R E i A & 260. 55 ~600. Okg/hm’
FMTEEN, AR HRS k22 P E B BOE AR AR, SRR PR RS IEHEX, &
HFRETREGERRL, BAERRAALRR, BE T ERERS, X HEEZ KRS, B
FORAEK GG IEKNBRT, TREEKRMAEKZIME , AT SE 23 ERERE TR, A
FHAK, AEERRN, AR XTI REEAKFGE, ZRl% 4 HE KL , 308 2480 K
FAE , S M R TR RRE T HERE , AR T TR T HERE AR R SCR B3R 1t
BIRERE

FEXTHEMBRKIERN HFR=] AT YRR ER . SO E P YA K & ik 22 B0 T FREE
B, M/ NTEAR R : BRI A R R R s RIE R R Mg BT YRR EE SEHEmEK
B PRI BRI EERR FEAGER BN B A 2 I E e g, JRPRL= B T
FIRERAE BIFAR IO S5 B RN , B BZE AT RIE, T KL A M ae st 555 I R Uk, x 5X FE P 1
MREGR—. BEEEAAYOMSE T ERAK KBRS, RN R % E EE HARU0NEE T HiE
BOEERGRE GBRR S 5 RERK R R BTN SR A4, MAES L L BRISS A4S RN IR
AR, EW T ERFR = 20T BB R IE RS AR, RAAEERERTRAIE, EXRE™
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B L HEERAESE, B AEMESENEE, EAHEFANEN L, B ENAEEHE.

BIFRBHAS MR ERE=HRA, S HEE R8N R ASHN R, SHENEETHELEY
B A T ARTE B, LR TR 2 B B S | A R i EARIE K, I BT SR S BRI A #, T
TR RN R ROEE4ERR T GRREILR) FIEWA KR, BAFEM AR, - B R EREE ™Y, &
M, B AR A TR AR R B VI R, AT A B . R, RS B A R A A AR R X R BRI 4 M B Bk
F=Ho

BB RERY, BEENALEAE TR A AR R ERS., AENEEREKRAHR
PR BRI PO TR BRI S M LA A A B AR R LA, TS B AR i 8= KA HE
HEBERSREFRREFIOLEEWERYRRE, EEYESd, —EERE DA, EENERAY
¥ R BN R R i TR, T ELR B TE A 2 RGP B 3, A R 5K A B9 B IR A 1™ A BR R ek A T
FBAERS, NI RER BN &, Bl XPHE R ASKHE P HTH R B R 8806 Tk HE SR
AEARRE, AR B ER R BAs, XF BIEER ST 0L 1, 5 € T PRER 8806 R R7E R X B HH
AR K 61713 ~66177 #/hm” G HARENHE H 309. 88 ~569.02 kg/hm’,
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