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bR OO % il 17 s R L N S
WA, 2B K & 645 mm, P H AT K
12 h, PR 14.4°C, ToRM 224 do AL 11
M, RHEH ST, 0 ~ 30 em BE)ZE 4 HESE
RHAE 7 A WL & i 1426 ¢ - ke TR AL &
81.4 mg * kg_l\ AR 14.1 mg * kg_l\ TR
i 884mg - kgL BAFE 08¢ kg

122 REE

I T 2019—2021 k4T, B4 10 A rhh)#k
P, WKAE 6 AUk, #EFhEN 150 kg - hm ™. RH]
RIXETT, AL EX, SEFCEEIX ., R0k
SR 24 AEAMNO (N O kg hm™) |, IE# it
ZHE N1 (N 165 kg * hm™) , X5/ K FEHLHES
BHAV/NXEFHN 6 mx 9 m=54 m”, F7H#H 20 cm, =
K3, AN NIRE (N 46% ), BEIE iR
TUAES (P0512% ) 687.5 kg + hm™, L K B 2
B (K,057% ) 144.7 kg - hm™, EIEIEALL N 1:1,
BB TR EF ARG A, B AR A e R B4R 5
B — it A, A R 3 it [ — i s = A
1.3 e Febns ik
1.3.1  HHARDNA Ko™ i

S R/NGEBE R EI S —801 1 m B THR
i, ArEERLERE W G BRI, RIS
THEECREREL, JHHE AR,

HRBEER (%) = S i A SO E / By T
FUTEEEL x 100;

FE A (g - 10000k - d7') = BRI E T
BRI B g (g ) / RH I oI 7 [ B 5K
(d).

=t AR R/ NXE T mx 1 m=1 m’
FEJT, N TMCRIBRL, AR TFRE, TR
Frhor=at, e TR,

1.3.2 FPROESR AR

BN X B A0 — 300 100 FEEERARIC, 7F
FACZE R G55 5 d PR, B S dHL 1 REE, JRH
7, BIfEJE 5. 10, 15, 20, 25, 30, 35d, #K
TEAIRIG/INX LA 10 B EAT HE AR /N EZ
AT K, T 105°CAT 20 min, 75°CHHIEHL 2 H
#H, HIn2—RVPREHTHE TR,

133 fHMREA S

F1.3.2 i AR AR, SR H.S0,-H,0,
HAEDLR OKGR—Rid ik . Z R Ema)
SEMMR AR SR

N= (Vx0.05%x 14x100) / ( 1000 x M )
K, NAMBKASE (%); VAR RIARZ R
(mL); M EHES TR ().

VA ZMHER (kg hm”) = 2RSS x M
PR L #BAE )

REWEEE (%) = A XA A R -
AT A XA B ) /AR x 100

RIEAEFFHHCR (%) = (AKX - A
Jits LX) /it U R AR R R - R AUX
FEMRA R ) x 100
1.4 b

MR S HOTE . LR KB B A,
PISKH 07 S — B B) ¢ e A ) TR Y SRR,
Logistic Sz TR A KO R

y=a/( 1+be™)
K, o RFAERKRLE (FERLE R TR E ),
b. k MERISE, A E P E R R %
/No X Logistic 7K —Br I B, FI1SHEK
BORME R R 0 (1) . TR R R (0,,)
F BT R () o T RHOR B KB 9 A K
(Yo )« PR BOR (v, DLITIG ], P
BRI PIFRRSEREL (B 1, 1. 15) T2
v=abke™/ (1+be™)
Vpm=akl4
tyw= (Inb ) /k
TR R T B 3
ti=—In [(24+/3) /b ] Ik
t=—In [(2-+/3) /b ] Ik
TR 25 T[] <
t;=— [ In (100/98-1) /b ] /k

H Excel 2010 X £ 4% oE 178 2 5 2 #r, H
SPSS 18.0 #4714 43 #7, ] Origin Pro 8.5 #4777
TR FNi
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2.1 RFEIZEEUNE Logistic B ZH04M 4T
13 Logistics 1R X4 /N KPR TR 5 B 538
K BHATIG, PG R AIE RBUILE 1, ¥
R KSR 1, fige 1 A LA, A R
P E ZBR KT 099, kB B EKFE, %
HH Logistics J7 18 g 38 47 M ABE UL A /N 22 H 7 A 8 S it
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W NAEREE], HHFF R AR AE K o (H &
T LLAF R AE i, AR 2B /N 22 o ol i 20 A=
K #2019—2020 4 6 B o8 HH>SHLSLL (36
1, 2% a), 2020—2021 4 & ¥ & HL>HH>LL,
2019—2020 4F &, HH #i¢ T ki & b HL M LL 4>
) B 2.1 F13.1 g (P<0.05); 2020—2021 4F J&F,
HH 5 HL 2 5 A B W, 45 5 Lo LL 3 fin 2.5 F

2.7 ¢ (P<0.05), U4 W HH /Y 34 7% g Kk, +

PEVERAS, 3 A e R R K AR A K AR R A T B
il

VIR S8 b T 2K 5 T oAb K71, b (Hk
K, WRFLANAR S G40, 4> 28R A0, FPRip) iR
AR R, HH /) b H (53.225 ~ 56.159) ¥
B 5 KT HL 1 LL (45.245 ~ 52.607 ), 3¢ 3 %
SRk WP N HH>SHLSLL, HA& Sifhz 2% 5
[T

T 1 AEIETH Logistics A4
AR i a(g) b k y=al (1+be™) Shra (g) R
2019—2020  FEFEAEERL 51.426a 53.225a 0.229a Y=53.225/1453.225¢ 7" 49.810a 0.997
R 49.373h 50.048b 0.202h Y=49.373/1+50.048¢ *"" 46.882h 0.997
I ZEURAL 48.362¢ 46.227¢ 0.186¢ Y=48.362/1+46.227¢ 1" 44.570¢ 0.999
2020—2021 R 50.014a 56.159a 0.231a ¥=50.014/1+56.159¢ > 48.921a 0.995
R 50.294a 52.607b 0.201b Y=50.294/1+49.897¢ ") 47.043b 0.997
I ZEURAL 47.542h 45.245¢ 0.182¢ Y=47.542/1+45.245¢ 1% 43.538¢ 0.998
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2.2 N[RIEE/NFEATRIER RAES AL

MR 2 T, HRYE Logistics AT AL i,
F AR SRR A W I 25 59 M RPr i SR 2
SERItE] A 34.318 d, ¢ HL fF-F-246%6 4.408 d,
BLL S FP 4R 7.613 do 15 BRVER % HL AT LL
Ay 4R T 2.460 F 4.350 do T A AF BE Y RF A T
Wl R AN, BT mEEREIR, &S 532

() Ve A1t (ELAH XS C B 1), 4EJ5 35 d P HH ()
S AL AL R A 0739 ¢ - 1000 K7~ - AT, A R
7 T HL F1LL 0.095 1 0.167 g - 1000k ™"+ d™'; P
AMERE HH (e RHESR 3R 53 51 BRAE AR JS 17.356
F117.438 d, % HL #1 LL S ¥ 43 5] #2 6 2.015
3.382 d. HH MG BRIV b HL A LL B 2 A
2460 ~ 4.350d,

R2 AESETENEAFRERFIESH

AR R ¢ (d) Vo (g + 1000 K2 7 - d™") Lowe (d) Yo (2) v (g« 1000k~ - d")  HESIG IR
2019—2020 R AR 34.351c¢ 2.944a 17.356h 25.708a 0.748a 17.467¢
e R AL 38.638b 2.493h 19.371a 24.681b 0.639h 19.802b

G AR 41.534a 2.249h 20.611a 24.177¢ 0.582¢ 21.505a

2020—2021 e R AL 34.286¢ 2.888a 17.438b 25.002a 0.729 17.316¢
AL 38.815h 2.527h 19.453a 25.142a 0.648h 19.900b

G AURAL 42.329a 2.163¢ 20.946a 23.767b 0.561c 21.978a

TE: TONFPRLEIRFFLEIN ], Vimax Dy s RIS AOR, Tmax Ay AT R T LAY IR

SLE O N S

2.3 A[RIZERUNAFPRIREI A5 By BEMi R

HIH Logistics 77 #2 L /N A2 kPR 0E I i #2300 50
HESCHTIN] CHRIRSl) ) | ESrPIb] CRIEIN)) | RESR
W (S ), mE AT, B A AR
FFEAEA R AR R BUEHAAHIR] . FOHEHE
HRET, 3 AP HEK AR 2 DL HH A TR BT

Ymax ik BRI R RL T, VPR

HL B LU FJ7; kB RRERHR S, K
BORANZE N BRI TR L, HL f HH, {H)2, 7F
PR PO RIZERI, WERHORE AR
HH>HISLL, BT A FE, BEREA 25, LL
YRS SRS ) 23 ) e HL A HH SEREER T 2,024
F10.819d, ZEHEAER T 2.800 A1 1.217d (£ 3),

R3 FFRLER 3 A EHEIRSFE

i P I
AR Lzl o () SN R b () SPHHES o () STHIHEN
' (g+ 100047+ d™") : (g+ 1000 %" - d™") ’ (g+ 1000 %™ - d™")
2019—2020 AR 11.605¢ 0.936a 11.501c 2.581a 11.245¢ 0.875a
EETAL 12.852b 0.812b 13.038h 2.186b 12.748b 0.741b
R ARk 13.530a 0.755¢ 14.160a 1.972¢ 13.844a 0.669¢
20202021 AR 11.737¢ 0.900a 11.401¢ 2.532a 11.147¢ 0.859%
[ R 12.901h 0.824b 13.103h 2.216b 12.811b 0.752b
G AURAL 13.860a 0.725¢ 14.471a 1.897¢ 14.149a 0.643¢

2.4 OR[RIZAL/INZE SR e B R SR
2019—2020 F1 2020—2021 4F A [7] 25 I /N2
Fofr iy 7= e B R FHRCR 25 AR A (£ 4),
DL 2019—2020 4F 45 S 4 7], HH Fl HL /9 7~ & 8
LL 73 91 i 25 $2 175 29.26% F1 15.85%; & /& B H
R ) B B T 20.40% F17.65%; AR
O3 AR B 45.85% F1 9.45%; ) g g re
Ffr, HH 7=, R4 BEA) FRCR A AW OSeR Y
Ay 3 T HL 11.58% . 11.85% 1 33.26%,

S

2.5 AN[FIZEBL/INAE A e s A R R R

ANFVINZE S ) e A B R R A5 A — 25 5
(£ 5). 2019—20204F, SLLAHLL, HH /Y & 7 ok
BRI REE S 5 B30T 9.64% F17.25%, HL
HEMASBA s HH AT LL A9 2B 20 51 b HL & 2%
FEE 21.56% 1 10.45%; HH 1 TR0 8439 1 LL F
HL 1 3 2 %5 11.66% 1 6.18%, {H HL 5 LL % %
ANEREL ;20202021 AN [] it ) 7 A B R R
R —3,
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R4 FAEEBNERMPTERENARE

ARRE At Fea (te hm™) AAEHFRCE (%) AR (%)
2019—2020 SRR AL 10.6 +0.2a 472+0.2a 63.3+0.3a
AR 9.5+0.1b 42.2+0.2h 475+0.3b
7 AUIRAL 82x0.1c 39.2+0.2¢ 43.4+02c
2020—2021 R 10.7 +0.1a 447 +0.2a 58.5+0.3a
A AL 9.1+0.1h 41.4+0.2b 47.5+0.3b
IR AR 7.9+0.1c 38.5+0.2¢ 42.4+03c
x5 AREBNE@IH=EHREER
AR A TRRARLEL AR (x10° - hm™) AR (%) THE (g)
2019—2020 AR 42.1%13a 633.5+8.9a 733 +2.4a 49.8 +2.4a
[ G 39.1+1.3b 616.8 + 8.4a 60.3 +2.0c 46.9 +2.3h
G AURAL 38.4+1.3b 590.7 £9.1b 66.6+2.2b 44.6 +3.0b
2020—2021 fE AL 423+ 1.4a 646.7 + 7.3a 72.1£2.1a 489 +29a
AR 39.2+1.3b 619.7 + 8.2a 61.3+2.4c 45.0 +2.4b
IR AURAL 37.0 £ 1.4c 603.3+9.1b 65.6 + 1.9b 435+22b

2.6 ANIFIZRIL/NZE iy Bl ) RE L SR R 5
FRHRCRAIEE R
LRAANFZERY/ N i AP e B RCR S
FERLHESRRFIEAR SC T4 2R (3 6) R, A
SR A R S PRI SR S ROA B 0 25 B

BEMIE, 5 v T 0, 730135 BN 2 TEAROC,
5 Yo IRBN B FIEADE, Hi (d) e, ISR
FNA; AR v, F v, BIIRE] B IE
PR, 5 v, BEIEZFIEFE, 5 (d) R,
IR B 2 AH G

Ro FFAERFMESTE. RRBEEERMEEEENRAERNBEXE

EiEtan ¢t (d) Vs - inax Ve
i -0.995™ 0.988" -0.993" 0.863" 0.985"
ERa V&S -0.967" 0.976" -0.973" 0.909 0.980"
SRR -0.918" 0.931" -0.927" 0.814" 0.933"

sk L R IFORTE P<0.05 Fl P<0.01 KA RA S5 X,

3 itig
3.1 FPRESRARE S5/ E R IE

INAZ PRI R BEACEL . TR, AF
FEOTMT T AR SR/ NGE SRl =i S =R, R
FEA TR . FERIE e B, /N R i G
RTRRE, X504 T% " T w
WFFEEERAAU

KPR R /N R IOREEE | 2 5 7 i 1 O i
AT T I B DR T TR
S T AR R, SRS R 2R
A6 )5 W o BEVE S I ] A A E S 2 ST TR £k
W PRI UERE R Logistics J R34 A FEE
U, FUSEROME TN RPRIER R, XS5 eT
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MERMEEREES " 2L ARSI R E Wk
FAZ R BRI 7 1H, FW ISR R 25
AMUAFAET AR Fpa], 1 HAFE T R — R TH
R E] 2 ARBESE IR ISR (% 4) %
1 ey 5 e S e 1= SO =1 e = |
TR, A BOR AR 5 5 B A
Koo BELWFITERIA, FEREN R I 52 0 e B
RAC WA A, BERRCA W mkrRbs . ([
fb. R, WREAZ R s
FL R U AL DR A A 3 TR LA
B A R WCRIR I RE g, BVt 1) 2 254 i A
FEGEREST 7 R Ee P A AU R Rl HE R
TR CPBIER SR AR R R ) & T
RARSL S Pl HH A9 e 248 K435 e HL AN LL P
PR 1.78% F1 5.77% . Rk, WER uSPEnT A
FE ) R NE IR SR P SR ik — 2D 3 s M E B R R,
SO /INAZ P i

WM TR 22 I E B R U SR A R,
WIS P i, [ N B R HH
FHL, BT HL BACREAR, HAFE R R R
HBEFDCA P RE ST, S
JEME LATH I KRS FE ST e, ORI S B[R]
Jo . HERHRRAL, AR AR AL, e
R AT TR R AT E, ARXHER
R Y AR RE R, T
VOB A R E SRR T 0 3 OR P A R
R, XRUESE TRPRESR R, WAt TR EW
R MR, A SO SR 25 SRR SE T 3X— A5,

TR/ INZER NG 2 T8 THRRGEFERESR
PRI, SEOFFRER R N A ROEIK T E]
RS T-R R AG. DRIE, e BERR A Rl At I % e
WS R G R R R RN LR

4 #Zig

(1) ARIEEA /N 59 TR S 50 Kad R 1
FiE Logistics t7, [FAFRIZME R | APRIHIR
AR RIS BN, P ] S R 22 e
Fo R RUNE MR HESROT IR AR | S
HRR, TAHRE R

(2) =R RERBU N dh R AR
BRGSO AR 25 T i ™ SRR ™
BRI dinif o 7 i AN G BRI AR SRR S
FAES R B B R ARG Hh S osoR

I R IR 3 RIS B i T I AR I ) A7 e A
FIEARDG, SRR ) 5 2 DG
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Grain filling characteristics of wheat cultivar with different nitrogen efficiency

SONG Xiao' ?, ZHANG Ke-ke', YUE Ke', YUE Yan-jun’, ZHANG Xin-yue', HUANG Shao-min'", GUO
Teng-fei', GUO Dou-dou', ZHANG Shui-qing', LI Xiang-dong*, DING Shi-jie', YANG Cheng* (1. Institute
of Plant Nutrient and Environmental Resources, Henan Academy of Agricultural Sciences, Zhengzhou Henan
450002; 2. Henan Provincial Key Laboratory of Agricultural Ecological Environment, Zhengzhou Henan 450002;
3. Henan Heart to Heart Chemical Industry Group Co. LTD, Xinxiang Henan 453000; 4. Institute of Wheat, Henan
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Abstract: In order to clarify the grain filling characteristics of wheat varieties with different nitrogen efficiency and their
relationships with yield and nitrogen efficiency, wheat varieties with high yield and high nitrogen efficiency ( HH ), high
yield and low nitrogen efficiency ( HL ) and low yield and low nitrogen efficiency ( LL ) were selected as experimental
materials from 2019 to 2021. Logistics model was used to simulate the grain filling process under field production conditions,
and the yield component parameters were analyzed. The relationship between grain filling characteristics and nitrogen
use efficiency of wheat with different nitrogen efficiency was investigated. The results showed that there were significant
differences in grain filling characteristics among different varieties. The maximum and average grain filling rate of different
varieties were all ranked as HH>HL>LL, and the grain quality at the maximum grain filling rate was ranked as HL>HH>LL,
and the difference between HH and HL was not obvious. The active grain filling period and effective filling time were all
performed as HH<HL<LL. Compared with the low nitrogen efficiency varieties of HL. and LL, the variety of HH showed the
characteristics of early filling start, fast filling speed and shorter effective filling time, which may be related to the nitrogen
efficiency of the varieties.
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