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Abstract: The critical nitrogen (N) concentration of a plant can be defined as the minimum nitrogen concentration required for
maximum growth rate at any time. To determine the critical N concentration dilution curve for cotton, several field experiments
with different levels of N application (0, 120, 240, 360, and 480 kg- hm™?) were carried out in Nanjing and Anyang, standing
for the ecological conditions in the middle lower reaches of Yangtze River Valley and Yellow River Valley in China, respectively.

The results show that N concentration in shoot biomass declined with the growth stage after flowering. The relationship between the
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shoot dry matter and critical N concentration can be described by power equation put the equation here, with  =0.131 for both
experimental sites, a = 3.837 and 2.858 for Anyang and Nanjing, respectively. The results mentioned above support the
viewpoint that the critical N concentration dilution curve for cotton is independent of ecological region. The maximum and the
minimum N concentration dilution curves also follow a power equation put the equations here, with b ., =0.142 and b, =0.158
for both experimental sites, and a,, = 3.530 and 3.208 and a,,;, = 3.055 and 2.251 for Anyang and Nanjing, respectively. The
same estimate of b in critical dilution curve at the two experimental sites indicates that growth rate, density and pedoclimatic
conditions do not affect the slope of the critical N dilution curve. The difference of the coefficients a between the two experimental
sites shows that, the cotton plant in Anyang has a higher capacity of N accumulation in shoot biomass than in Nanjing for the same
shoot dry matter. Due to its biclogical soundness, the critical N concentration dilution curve can be a theoretically sound and
practically reliable tool for diagnosing the N nutrition status of plants. Based on the critical N concentration dilution model, the
model of allometric relationships between crop N uptake at each N application level and accumulated dry matter in the shoot
biomass, and the model of N nutrition index ( NNI) were developed. The former can be used as an index for controlling of N
application, and the latter can be used to express the N status of the cotton plants. If NN/ =1, N nutrition is considered to be
optimum, NNI > 1 indicates excess N. NN/ < 1 indicates N deficiency. Based on the critical N concentration model, the model of
N demand at different growth stages for potential growth and yield was developed. According to the allometric growth coefficient,
NNI and N accumulation rate under critical N concentration, the following conclusion can be extracted: (1) Despite the difference
of biomass and lint yield between Anyang and Nanjing, the eigenvalues of the dynamic biomass accumulation model were
consistent. (2) The optimal rate of N application in Anyang should be higher than that in Nanjing, and the optimal N application
rate is 360 kg hm~? and 240 kg hm~? in Anyang and Nanjing, respectively.

Since the models developed in this study are based on the actual growth rate of the crop, it has the advantages over other
models: it is crop specific, exact, simple and biologically sound. The models can be used directly to estimate the intrinsic crop
nitrogen demand, and can be integrated, as a submodel, into the crop growth simulation models. The result of this paper has
paved the way toward a timely precision nutrient fertilization.

Key words: cotton; critical nitrogen concentration; dilution curve; nitrogen nutrition index; control
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1 HE5AZE
1.1 AR

R T 2004 FEEMBEERPERVBZLEMEF T (RERK) ML FERLHFER LB ¥R (KT
FTFHREK)#EST. TR BRRATEANAVEL AL SR L EENURSESHIN1.97% 2.18% , &
AN 0.08% .0.08% , 58/ BN 73.4mg kg™ .91.8 mg-kg ', HAEBE N 23.6 mg-kg ' .41.5 mg-kg™', ERLH N
247.5 mg kg '.226.25 mg kg 'c WIAAMELETHAMALHEE SR KE . B HBEES 50 . ZMH4
~10 A £3)20.7°C .455.3mm.1283.4h; I & (4 ~ 11 A #)21.7C.791.3mm.1297.6h, HtiX 4 7L & F R £ M
33B, %M R IA SRS AITE 4 A 25 HEERS

ZH. EARARRYEE 5 MEEKF:0.120,240.360.480 kg-hm™> (4 5 2L NO.N1.N2.N3.N4 F£R),
REBEEEIE 0% AL IE 60% ,3 KEE , FEVL X AHES], /MK EHAH K 21m” . 18m®, 17 R BE 4 51 4
75¢m x 25¢m F 90c¢m x 25¢m,

HRERYEERIEERSET.I A TARERK R TEMNER,ELIEET A 21 BB, 818
FHRARRE,

1.2 WENBFESFE

TERRIETFIE S 53R 56 /N K BURE , BRUBE B (8] 43 51 8« R PR S ZE TP LR 938 1.14.20.34 .52.60.71 .86 KX, B
RRAGETEES 1.10.26.41.54. 72 X, B N/DPRERERREH R S 8, ER X PB 20t B,
BN NG ELEFFRBEDIEZE 105CT A H 30min OCHEHE, ML TYE MBREHIKEEE
MEAREMZATE REI/BENTYRETERELKERRHRE., RBE /MK EEK W=,

1.3 EMREREFEXRBINTEFE

1.3.1 AR REBBMEAER EYEERIBRD HFHEBIAREEEBREAREUT EFOHEK
BEINAFMOHL ERRAAREU L, WHEAERABRCBIEYHNTRE EYEKAZROBRE; G
ARBEEHEFTHRAARENMERARRIEH.

HTHRAEREEEZAARARMWEKERRUENERHE AMAKFRAETEASEYERZRAEERSE
FTREHAMAZTRHANHIERL, SEMERAESBEYH L EYRBFEM(p <0.05), ZHREDEK
HERMMUAEMARREBERETR;RZ EHEMEAR, RERBREETEEM N, B Y EH KN
B EEREM(p <0.05)  EMERKBAZAERHY .

I Justes FA 1994 FREMBRAERERBHEMNITE S L, HABEUTEE. (1)5 R RE K
Vil B ERE L E T E R EOR B, B 24 EE K Z AR E RN 57 80k B K F 3
TaE QM THRARARBEEYBRAERFTROARENES L t TYESRREARMBXREUEL
HHEUE; )X FEDERAZAREWMBEEAKE B LA YRV FHHEAURREATYE, (4)
BRABRHFHWELEREARES FREMEBRSURREYER ABAIRMNELRO T AW NALITRE., &
Greenwood I E X, R ERER B LR,

N. = aW,, (1)

KA, N (%) s ER IR EREME, W, (Mg-hm ) 4k E T RBEKAME, . b WS,
He, o {RYs EAEWRN Mg B EIREME; b ABHBERARRERBHAMENEITSH,

1.3.2 RELAKBE FEYEBRAARERSTRHG LAYEREXEBFTETENRARKE N, (kg
hm™*) R

N,. = IONW_. (2)
FOHARAQXBIEYARBRSH FAEYBZ AN R EEKER.
N,. = 10aW..} (3)

AF, 1-b HRBAKSE, RARKERS TYRBFERZL ;100 Y F THWEXH 1Mg-hm>
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A B9 B i B (kg-hm™*) 6

1.3.3 A X B35 % (nitrogen nutrition index: NNI) BARAERERBHANEYERNEREBEFRRENIE
PERET MW TR AH#—SHBEDEBRRE, Lemaire FARE TEREFRBHHME, HE
B

N,

i, N, (g/100g) 9 V£ Y0 1 3608 FIF (9 ST, Ne (g/100g) % LM 60 35 b 4 M) BUAR SB 1S R LR FE 6 R
BRRBHGRERESE. NV TS B KB RS IR, & NV =1, Z0EDEARREHK
FRATFRERS, BT 1 AEERIE,ET 1 UAERRE,

1.3.4 KEREBEER (EYWEDSEKSBPHIERERE 5 ET9E WAL T 7B MRS N LU
S BB BB R BN, (1), %5 Wou(£) ,Mg-hm™?) , B M5 2 08 BABUR (N,,.. (¢) kg hm™2) BB 18] B 300 «

N (t) = 10N ()W, (¢) (8)
EmEERSER S  HiEARBRBERE(R, kgrhm™*-d ") ATHUTRAERR:
d(10N, W)
ny
R, = 10N, dZ;""‘ +10W_, % (7-1)
R, = 10N, ‘L'Z;"'—‘ + 10W,,,u(l;%—x dZt"’“) (7-2)
dw, d
R, = 10 —T"’“(Nc ‘W %) (7-3)
REARKABEMKBER (1), 0.
ddVNc— = - abW;,:,_l (8)
Hit, m AR R EREA B (7-3)MB)AEHN:
R, =10 d‘Zt"‘“(aW;,’; - abWl) (9-1)
s, AW,
R, = 1oa§1 - D)W = (9-2)
R, = 10(1 - b)Nc%ﬂ (9-3)

dt
HO3)WH, BEERARBRRNERFITERRTEYEKRNERETREAGF THTYER REKEER,
BREEDERKASDEIEEER Logistic FKRBAEFERY HTYEHSEBRNHBIERTERN

Wy
W) = (10)
X, W, (Mg-hm ) A TFYRBEMNHEERKME,: IFESAR, «  BEKSE N,
dw_, - WyaBexp(Bt)

dt " (1+aexp(ﬂt))2dt ()

BADAAO3)AETH B A BB,
- 10(1 - b) aaBW,, *exp(pt)

R. = (1 + aexp(B))** (12)

1.4 BB\
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SR A Excel BB 2T HIELEMVER ,SPSS11.0 G it K4 BT 54017
2 GRE5SH
2.1 WMEBREARERBEBMES
2.1.1 FAMKEKTETAYRESEIREST KB Justes EAXTFHRARKERBMKERMNITE T, X
AR ER BER2AEFFRAKEABRERFEIREL L TYEMHEMMEREERER1.H 1), ZHRK
SR S EYBEERRANM, XA MEREMESE, U N LEIER, FREAMKSE
YR BT E R KA T i, BIPHLE N2 A B S AR RBEEM, 5 N3 N4 L EBERK/ND, B
BESETNI.NOAHE, BER1IPRITREER EERARKNYM, LA N3N AEE K ETHE
TRBEHLER BN NN N HBEKFRMAMEBAFITE L LOHESE, 2 S S B E S8 T
WEFRETAEITE L EHAER.

TR R Wo < W, < W, < W, =W, (13)
ﬁﬁﬁf‘l‘i Wo< W, < W, =W, =W, (14)
ARF, Wo W, W, W, W, 5r5IF/~ NO.NI N2 N3 .N4 i &K F T &Mk £ T YEMg-hm™*),
oNO oN1 aN2 xN3 xN4
45 45 HX Nanjing
40
g .. H ~&
gg 35 Q\:E
®E 30 g
®e #2
W8 25 &3
% 20 “
1.5 e e : —
0 10 20 30 40- 50 60 70 80 90 0 10 20 30 40 50 60 70 80 90
FERE @) FIEE R (d)
Days after flowering Days after flowering
A1 AABEKETHRESR ETYRERENSISEA(ZH,BF)
Fig.1 Dynamic change of nitrogen concentration in shoot dry matter of cotton under different nitrogen levels ( Anyang, Nanjing)
F1 BEAFIRELLEDRITSRAHES
Table 1 Effects of nitrogen fertilization rate on dynamic accumulation of cotton shoot biomass
b 2 £ 5 X3 Days after . E4Y R Aboveground biomass (kg:hm™?)
Sites flowering (d) NO N1 N2 N3 N4
%M Anyang 1 230.3+£3.7¢ 247.0+6.5b 246.8+4.5b 254.0+3.0ab 262.4+9.8a
14 932.4+11.2d 997.8+9.6b 987.2+6.1c 1013.5+5.9a 1008.8 £ 7.2a
20 1340.9 +34.6¢ 1420.2 +17.4b 1433.0+£27.3b 1499.1 £23.6a 1484.3+ 11.4a
34 1670.2 £ 16.2d 2039.3+31.8¢c 2837.2+29.7b 2993.6 £ 75.4a 2968.5 + 14.6a
52 4534.3 £ 191.9d 4995.4 £ 207.1c¢ 5735.2+£110.5b 6173.3+354.8ab  5921.2 + 68.4a
60 5884.9 £ 195.1d 6313.7+71.4c¢ 7140.7 £ 33.5b 7675.1 + 181.5a 7541.9+115.8a
71 6818.7 £ 105.4d 7447 .6 £ 119.6¢ 8261.6 £ 116.5b 8665.3 + 142 .4a 8592.0 + 76.0a
86 7704.1 £ 180.6d 8284.0 + 164.2¢ 8888.2 +169.2b 9465.4 + 168.3a 9396.2 + 143.2a
5 %% Nanjing 1 199.3+15.1b 208.9+10.1b 284.3+23.8a 280.3+8.1a 308.6 +31.9a
10 625.3 £21.2¢ 810.8+48.1b 1160.2 £ 90.1a 1120.0+98.3a 1261.0+193.4a
26 1274.5 £ 142.3¢ 1668 .4 + 197.2b 2392.4£158.1a 2396.5+213.6a 2558.3+214.4a
41 2755.6 £ 166.1c 3530.2+99.3b 4179.2 + 138.6a 4061.7 + 302.2a 4371.5 +315.9a
54 4264.2 £ 172.6¢ $371.7 +243.0b 6913.5 + 257 .4a 6714.2 + 220.6a 6830.5 + 228 . 3a
72 5899.3 +248.3¢c 7432.8 £ 265.0b 8807.3+£293.2a 8825.2+251.1a 8629.9 + 245.8a

RFBEHNTHE + FERE FA-FTHREAFHRAFEN RS L EARARNBEHRE (p <0.05)

value + standard error and those with the same letters are not significantly different (p <0.05)

A 1A, X FR MR Mkt EREEEEERRMENMES. REGBREAKENEL,§

Data of the table represent average
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ABEBNERRREERH 2 ZFHAREREN, HP, —ARAZHE KN TYES X MK REEER
ZEER— A, EHRERRET W, W, W, W, A, B @l w,.w,. W, i, A—FRER
PBRAEYENEBITHNEER, THRARKLST W, W, 5, MEEKXARENE W, W, . W, RAR.
2k 5 B R A SR ARE RN G R RRBEE

2.1.2 WMAEBRARRERBENSREAERKBERMNEY RAWQ.G)RX, N ERBENKRREREES X
NMHBATYEH#GUS, BATEH IR 2RAREERAREEEAMRRERER (BHRE2).

F2 REARBEINSEEKARHBBE(KMA, BX)
Table 2 The parameters of nitrogen dilution model and allometric growth model for cotton ( Anyang, Nanjing)

. FUR R ih 2% RELERKMK
A Nitrogen dilution model Allometric growth model
Sites
a b R? 10 a 1-% R?
%Pl Anyang Noin 3.055 0.158 0.964" " N ugimin 30.552 0.842 0.999° "
N pax 3.530 0.142 0.934" " N ptmax 35.302 0.858 0.998" "
N, 3.387 0.131 0.940" " Nopte 33.868 0.869 0.999" *
Noin 2.251 0.158 0.921" " N uptmin 22.505 0.842 0.997" "
B & Nanjing N s 3.208 0.142 0.961" " N upimax 32.075 0.853 0.999" *
N, 2.858 0.131 0.943° " Nopie 28.579 0.869 0.999" "

R3 5 =0.766

B2AEH.BR2ERARABEKF T EAEMEHRMMRIREENSHE, NE 2 T TF L, X TR
—REEARRAEEKET, AENE LA PERIREEARR, 43 AEABUE B ERERRX B/ EE
WA B RERE (N, %) BIK(N,,, ) RREHRREE AR BHFER, RERFESER), A
BH¥NE 2,

MNE2AFEH 2 REARELER L TYENBERERERREELYN EEANERAEERBEEMHER
—H,BBEAR, Hb , ZH. BERAMMMERERBRERNNSH b M, HE —EER. EXHIR
FLPIEHIR R IE R IR BEHTE 3.63% ~3.97% , s RN 3.82% ;- RAM BFEZHEENTE 2.14% ~2.40% , s
FAER2.39% ., BRIEA, MR L EHERENTHEETHNNF2.74% ~3.71% .1.69% ~2.28% , 5 F
BMK 3.35%.2.18% . AT RHTF2RAEFHNLETFARNIBERIR, MZER L BWEAHE R, Wik WA
EENESR &8 BEEYEFRAR, ZRXSGER B8 REEAKEHLANVMNERS TR, AL MR
BE N 5N HEERN TERRENERER, ARKTURMEZRZSHNEEERAERLEETRAS.

@ Now% B N% A Nua%

40
40 R % Nanjing
35
AE 35 ?E A
SE 30 g0
5 g
X2 s X E 25
® 3 K
Z 20 Z 20
1.5 1 I 1 1 J 1.5 I l. .I 1 J
0 2 4 6 8 10 0 2 4 6 8 10
#h |- 4 ¥ & Shoot biomass (Mg-hm2) Hh b4 ¥ & Shoot biomass (Mg-hm-2)

®N..% BN % AN_ %
B2 W EEYENERRHR (XA, EE)

Fig.2 Nitrogen dilution curve in shoot biomass of cotton (Anyang, Nanjing)

2.2 MAEKRRAREFRBERYSHERARRE
2.2.1 ETREERKRENBRERE RELRIFER BEEKIBPRGRARESH ETYE
AR HBRAOEB LN AZENRE BME M ERIFHBEYNNE - MEEN A ERHE. BB


http://www.cqvip.com

£ 00O http://www.cqvip.com|

6 BEY S REEEBRARERBEANBEYRERREREDKA 1787

SEARKEMOGVBIASHEHNREREFRRAZRE KA SARALEEZG TN ARBEHITH
E(RE3) 2 REARERKETHRERSRFEMHEINNRE R . LHH 28.5%.20.2%.9.9% .3.2% .
4.7% ;BT H 47.4% \26.7% .3.6% .8.0% \17.6% , ViBA MR & 7E 360kg - hm ™ (% FH ) #1 240 kg-hm ™ (B &)
BHANEHE. 5 ARAZKFEFTHEEREEAYE AEXERERARA AR SEBIEMES
BN EHE R EEEARMNER -, ANES5 2. 1.2 P REGKREAKEHSBERAKE/MNER 2
BRENEEERENTNE R 3.

ONO ONI AN2 X N3 X N4
250

250 %M Anyang i Nanjing
S ag 200
D ° -°
53 2%
= = =2 150
805 ]
< g =g
®a & g 100
B 8 g s
z
X 50
0 1 I S S B 0 4 1 [ N
0 50 100 150 200 250 0 50 100 150 200 250
1 R B (kg hm'?) SRR (kghm?)
Critical N accumulation Critical N accumulation

B3 WMkiEAARRSTRAKFRGTRARB LMK (ZH ER)

Fig.3 Comparison of N accumulation between critical and different N application rates (Anyang, Nanjing)

222 ETFHRAERERBENEEAERE B4 IRERAIRERBEEHGQ)IHEREN 2 XEASRAEK
FTFHAEIESS NNIWHEZL, AE4TTES , EMEDISTERIBE P BB NN HF AR B, R
ER-EWHEHRES, BHEEHRERRNEM NN B INNES . S50 &LEK NN, LLERRR SN N3
HE ERREN N AENERRRNEE, 52.1.2M2.2.1 PRELE—H, TR, NN TJUERE
BHEREEERREMEERBENIERZ —.

—0— NO —O0— N1 —A— N2 —N3 —¥— N4

12 %M Anyang 12 - P Nanjing
~ L1} ~ L1
ﬂ 10 |- ﬁ 1.0
= =
# 09+ = o9 |
# L #n
& 0.8 & 08

07 177420 34 52 60 71 86 07 0 % a1 s 2

FiE G RB(d) FHIERH()
Days after flowering Days after flowering

B4 REXRBRELOISEHRER,BR)

Fig.4 Dynamic change of the nitrogen nutrient index of cotton ( Anyang, Nanjing)

2.2.3 ETHREKBFARUERNERERE 2HEME BEE 2 XA RERE K TREK NN~ £
(RES), FEMERKFT B NGB, =B FEERARN I, NV, MR EBT —EREE,
HARXREFRHUALIH BRI RUAP B, L EH T TR, 500, ARIBIER R E W BRI a5%H bk
HELXETLIBRFHRRFTREE B, 707 P80 18 W 85 AE R AR Bk 0 30725 AU s SR Sl i R
ARERBRAETHRKITSHNFTRAROEEN, ETHBNERER = NEARELREERE.
MBI (10 1) M LM R 2 AR RRE &G TREE B8 TR 3h 58 KT EH7
BRI BRI REZM AR 2R EEYBRMEREAR, HEBRERER G THEYES
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1500 ™ gy Nanjing

& & 1400

£ £

g g 1300

3 3

3

b = 1200

o o

N 4 1100 *

1660 1 1 1 1 ] 1000 Il 1 1 { J
0 100 200 300 400 500 0 100 200 300 400 500
M & N application rate (kg-hm?) ME R N application rate (kg-hm?)

M5 mERXMEZR-REEwE(EE, B

Fig.5 Effect of nitrogen application on lint cotton yield

A RBFEBSMEHEDAHAC, Kb LB T RREZRFNERE RIEFER 26d £4 , 5T T 9 R B et
BREVERHAAGSEA B, Bk, R (12) 77 U2 5148 B & X0 bk B e i 7 AR BGEE (L HE
6), HE 6T FEEEETHBNER _EH a8 H BAEILFRAS  ZFRERASERERELIES
RGN ARBGEENEAER AEXRERFN BEAEARKERN LI A ES -3, HEREXERK
ERSH 4.634 kg-hm > +d" ' F13.826 kg-hm > -d”' ,HHER B 2 R AMEDHSEF AT RKE, HEHER
AR N3 A BREAN N2 AEMNERBLNESHX MM IEREY S ERT (LA 7), AW AEEWE
RKF,

%3 ML ETHRERDSREMDEABES B (LM, HF)
Table 3 Critical dynamic model of shoot dry matter of cotton plant and eigenvalues parameter ( Anyang, Nanjing)

REE KB BAEEHH

?ﬁ (Mgz;-z) “ A R s""":ei:z’:( g')"“"h Date r‘;fte"(";’;i'““'“ Vm(l\z'j}fﬁfd' n
22PH Anyang 9.886 30.728 -0.078 0.999" " 27 ~ 60 44 0.194
F§ 5 Nanjing 10.227 27.132 -0.075 0.993"* 27~ 62 44 0.191
3 it ~
3.1 RMAENERERE SR 53w YRR A Eg

WMAELER IR TYRSEEAREETYEN 3t
HEH—RBLR, SHARBERREBRBMKER  AS
REMFAALEHFE" ™ KRt A WEEEN, B S5
—ABNEREAERK BRI 522 B, .

8 Greemood Lo B Gol SRETXT CoC 0 R W0k 6w
MG RBREERAERZ G, EFERFEZEERNRR
e 4 AT T RBTRA MBS, Justes ™ 78Iy % B WERRBRRDURRNDERLER W)

’ Fig.6  Dynamics change of crtical rate of nitrogen uptake of cotton
FEPMEBRAKERBEMAEEAN N =
5.35 W'O'm,Colnenne[”]%Xﬂ'@?ﬂ]%ﬂgﬂ%ﬁﬂﬁ N%
=4.48W "% Tei'  F/BMW DR EHERNA N% =3.9% "7, EABFRBAMBERE RS Greenwood %4
HEKRE —ZESHARR, BRI EEF K REE P : (1)Greenwood % FTH K XK BEREEDEKR
XREFHANFHTHIN, B, RERERRETRESHFES, QB TAREDRINERES &
BAESHRENAR, ERAANBRAKERBRHLSHEE—CLER . AHARD, BENDEREKE
MR AP RN E Greenwood FAMBRE, H2 RAMWERSH b EMF, RASE LR FHESHEL
BHBERRRRERBEHRM LR, DEFERTFRNBEE. SHARRERARNE 2REANB K

(Anyang, Nanjing)
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g 300 %P Anyang g 250 B} Nanjing
o8 250 | -
E'a Eg 200 |-
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= 50T ;g
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Fig.7 The comparison of N accumulation between critical and optimal N application rates ( Anyang, Nanjing)

e FE—EER RUARBREFEFENBFABBHLE, XUTRESMENERES JEESHEEY
BAERKEINE K. Sheehy'™ FEMUHEH = KBHR AP BB SEAHR-BNLAR.
3.2 Mk ETYRBEENENL

AESREZN, ARABRKF THRABKG ETYRRREFERRNELIEE RER 2 TS HME,2
AR REAR B RER A RRN:

%M Nime = 3.530W;%02 (15)
N = 3.055W,50% (16)
Bx Nymae = 3.208W;3012 (17)
Nyoin = 2.251 W ® (18)

ME2HFAUEH, EHARNER BERAFBEHEANNEYR TERIA A NOMENE, X—=
FITTUMU T REXPSINAERE, REER() . G)M15) ~ (18),MF:

(AN, dt) e = ke (AW/dE) (19)
(dN,,/dt) e = koin(dW/dt) . (20)
k=101 - b)aW™*

FARARHNEE REMELN K ESBN:(30.287W "), . (27.3648W '),  F1(25.723 W ""*), .\
(18.953 W) .. . RN FHEMB LAYE , ZHXABKNERFENETEARA B, EXH R
K EFYHRARFRAREEN  ZHESAHNAERKEEA TE RSN HENE, 2BREFEREN
BARLHETERASKNTIESR,

REEREZH 2 AWM L EREEEEARNEMTES, d TREREEKCEENRBYE, A
MERRBEAKERBHMANBEATRKTLRE. A5 B THRENEFREAKESS I, EEEKIBS
ABENFHERE, MR BATEAEYHFHROEB SRR, B E Rk L350 R mEsn,
R A5 B A VR BE S Bt 2R T BB T L BREL
3.3 EEFB(NND B

M Lemaire 5 AU M NN & b THETEYERZRE EMAA S ENEYEE Y el
BB RIEYREFREMZEI, Colnenne ZFE T NN HEBEMENE KEE M HREE . AEZHA
RURFBHXRER AT A LEELKE A E WA MEY S T KIEFERMB% . Devienne 2 3t
W DNEMEKRK NN EXR 1 BRI BEHSESBONSEAH#TEDYN, —EXE25, AHRN+$E
R NN AR BRRAE THREOEERAT THEMN. B TESMNALAERRE XS EAREEMER
&St ik, NN B— M EIFRSIS EREKEWE RSB P HFOERN FEIFN T E, T AR b F
FHRERMELESR,
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a2 REMEEHEN, RHKXSAELHERY VN BRATHAER TR, MRS E EARBEE,
FERAT2RALSKGRANY, KARA  MHSBELEETREO A 20 BB FHKEHN 18.7C,5
HWEZPHSEN 20.20) BHEKAHB B, LA BT BREE, SBARREA, BREA NN TR
MEBRRA MEHERSEBREEZEO A 20 BRWEEHKBRH22.1C,5 BRI FHKEH 24.5C), 1
B LAl R ERE KK, RRIEE S A 858, 5 NN R R R R KF, TR NN RFHER
EMMEREFRTHERM LGS BRI
3.4 FROBCE R R

AXUBFRRERBEMEERN RN AHTEAENFERGT MESEFTHEHAFTRYEI
WERMBEETYRMKER ARKERNEER, AETNEN 2 RARRARBRETRESEEBR KT
MRARERERFNVEH, B, HVEMNERBERSETHEN RN, HEMNAERER ARNEEYER
XER/RS TUEREATIMMEYNTER NV ATEYRSISEDUWE RERN D, B TEBRUFER
BTAKHRABRERMEY  EMEREREFTREBEN N H BREAENAREEW,
4 &it

UK 2 M AR UVEXEHARTER, BY THRAEBRRARER B KSR 2 KAWERSK o E
HE, RPSE. LR FEENERTHHEAMNELER. S8 AN AREHAEHRNEVERZH TR
AHREBRENRTER, ANARNSEXERENERINERBESE, HEMAFHRNEYDEE
LEMREEREDSAERRAN TR —, BT BB KRR FUH 58 808 R s TR 053 R A
MYETHARKERBEREEY EMAMA LR ITEEREARAENERERS - XA ER
HE 360 kg hm ™ , B LK A LA 240kg - hm MR B N EE, 5 YL AR,

EHRFTAVEUSHEEHE - REKFHTR RECHENTARHEPE EXSEY Y HERITR
[ & R 3 BB R T & T, BN T AR A6 R A B 5 o V) O 3 B AT O AR A L (B X (P R 7E LA I B 95 R

References:

[1] YangJP, Jiang N, Chen J. Analysis on dynamic simulation and fertilizer application optimum of effect of N levels on two-rice yield. Chinese Journal of
Applied Ecology, 2003, 14(10): 1654 ~ 1660.

[2] ShangG Z P, Li Y, Chen P Y. Adjust effect model of nitrogen fertilizer and soil moisture on photosynthetic matter accumulation of wheat. Journal of
Northwest Agriculture, 1994, 3(2): 63 ~ 68.

[3] Damisch W. Biomass yield-A topical issue in modern wheat breeding programmers. Plant Breeding, 1996, (107); 11 ~ 17.

[4] Michael S, Watt, Peter W, et al. Above-ground biomass accumulation and nitrogen fixation of broom ( Cytisus scoparius L.) growing with juvenile Pinus
radiata on a dryland site. Forest Ecology and Management, 2003, (184): 93 ~ 104.

[5] ShibuJ, Sara M, Craig L, et al. Growth, nutrition, photosynthesis and transpiration responses of longleaf pine seedlings to light, water and nitrogen.
Forest Ecology and Management, 2003, (180) : 335 ~ 344.

[ 6] GaylerS, Wang E, Priesack E, et al. Modeling biomass growth, Nuptake and phynological development of potato crop. Geoderma, 2002, (105): 367 ~
383.

[7] Meng YL, CaoWX, LiuXW, etal. A Preliminary Study of Simulation on Shoot Dry Matter Partitioning in Rice. Acta Agronomica Sinica, 2004, 30
(4): 376 ~ 381.

[ 8] Greenwood D J, Lemaire G, Gosse G, et al. Decline in percentage N of C, and C, crops with increasing plant mass. Annals of Botany,1990, (67) : 181 ~
190.

[9] Lemaire G, Gastal F, Salette J. Analysis of the effect of N nutrition on dry matter yield of a sward by reference to potential yield and optimum N content .
In: proceedings of the 16" international Grassland Congress, Nice, France, 1989.179 ~ 180.

[10] Lemaire G, Salette J. Relation entre dynamique de croissance et dynamique de prélevement d” azote pour un peuplement de gramine! es fourrageres I. Etude

de 1’ eeffet du milieu. Agronomie, 1984, 4. 423 ~ 430.

[11] Lemaire G, Salette J. Relation entre dynamique de croissance et dynamique de prélévement d’ azote pour un peuplement de graminées fourrageres. II. Etude


http://www.cqvip.com

£ 00O http://www.cqvip.com|

63 BERERE % MZEAE/S R R RORBER B A R N @ L RAE R B R P A 1791

de la variabilité entre g¢ notypes. Agronomie 1984b, 4: 431 ~ 436.

[12] Lemaire G, Gastal F, Cruz P, et al. Relationships between plant-N, plant mass and relative growth rate for C; and C, crop. Proceedings first ESA
Congress, Paris, 1990. 1~5.

[13] Justes E, Mary B, Meynard ] M, et al. Determination of a critical nitrogen dilution curve for winter wheat crops. Annals of Botany,1994, (74) :397 ~ 407.

[14] Colnenne C, Meynard J M, Reau R, et al. Determination of a critical nitrogen dilution curve for winter oilseed rape. Annals of Botany,1998,(81):311 ~
317.

[15] Tei F, Benincasa P, Guiducci M. Critical nitrogen concentration in processing tomato. Europan Journal of Agronomy, 2002,(18) :45 ~ 55.

[16] Sheehy J E, Dionora M J A, Mitchell P L, et al. Critical nitrogen concentration: implications for high-yielding rice ( Oryza sativa L) cultivars in the
tropics. Field Crops Research,1998,(59):31 ~41.

[17] Nkoa R, Desjardins Y, Tremblay N, et al. A mathematical model for nitrogen demand quantification and a link to broccoli ( Brassica oleracea var. italica)
glutamine synthesize activity. Plant Science,2003,(165) :483 ~ 496.

[18] Lemaire G, Onillon B, Onillon G, et al. Nitrogen distribution within a Lucerne canopy during regrowth: Relation with light distribution. Annals of Botany,
1991, (68) :483 ~ 488.

(191 Lemaire G, Chartier B. Relationship between growth dynamics and nitrogen uptake for individual sorghum plants growing at different plant densities. In:
progreedings of the 2nd ESA Congress . Warwich University, England 23 ~ 29 August 1992.98 ~ 99.

[20] Lemaire G, Gastal F, Salette J. N uptake and distribution in plant canopies. In: Diagnosis of the nitrogen status in crops. Springer: Berlin, 1997.3 ~ 45,

[21] Devienne F B, Justes E, Machet J M, et al. Integrated control of nitrate uptake by crop growth rate and soil nitrate availability under field conditions.
Annals of Botany, 2000, (86) :995 ~ 1005.

BEUW:

(1] BFE,Z2T7.6KA. BEKEXFHKESRE WIS REAEKALSH. MAES¥|, 2003, 14(10): 1654 ~ 1660.
(2] LERE.Z%.EEC.AESKEHMDERALEYRBSEHME T RMERY . BiLR ¥R, 1994, 3(2): 63~ 68.
(7] ZTEM DL 0FHE. 5 KB LB TYRSEISEBGTETR. EPFR, 2004, 30(4): 376 ~ 381.


http://www.cqvip.com

