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iR Y DMA KR4, SR, B2
I DMA SRR AR S LR R L 1 R 5wt 7t
PR g5 . AHIE TR A T 22 HEIR VT DMA B
S, AT IR SR R R LR, DL
A Ry # 7 e R ] R 2 A A R 3% SR AR R e
W o

1 #R5ERE

1.1 X IG iR

AT 2020 4 5 H AE N B2 5 22 G A T &2
A R HE 5 22 A TR MR 22 W S BT (40°557 N,
113°07' E) #H47, OB R T RALIX, £
FHHILFEE, REZWD, BRIBEREKR, BHiE
KEHER RS, FIIFEKEL 370 mm, FEKZEE
HrE 7-8 A, TR 130 do 56 T35 N T
W, IR ORI L, R B O A
HUR 11.7 glkg. 4% 1.3 glkg. BARE 74.8 mg/kg.
M 14.1 mg/kg HAHH 110.5 mg/kg, pH 7.8.
1.2 RIas

B M B NG 15 (Ba 1) AEdk 8 5
(Ding 8) , HEZAFHEWE 1 Fios.

x1 k2 MRE S M EESN

Table 1 Main characteristics of two oat varieties in the test
Rk AEEM OB MRS U
Hulled/ Growth Panicle Spikelet Maturity
naked period (d) type number period

Bal R 86~95  FA#L 21 R REOATNR
Mp A B

Ding8  #  86~90 JAfk 24 ik e AR
BEETE 7T B

Y
Variety

K
Origin

1.3 Rt

KA R ERBEHLX H B, 2 ANHeEE RS E
T4k, FEEANNX, MXHEHN 15 m? (3 mx
5m) . T 202045 A 16 Hi#k47#&F, 8 H 15 H
WeHk. HERHE Y 150 kg/hm?, $& R0 AT — YO it
150 kg/hm2 AL (N:P:K=15:15:15) {ENFEAE,
ATHE 25 cm, LAY PRAN 24 Hh 1 [A) & HE — 3
1.4 MEMBSRHEZE
1.4.1 DMA 757l T, B8, JR77 3. flil
FEACHA VIR IR, o AN/ X 43 il 1 EX
KHAFEAR M 10 triak, E40L8, 7EHAH
150 °C7575 30 min, 80 °CHtTZIEE, fFHHET K
I R DMA

142 Fr=F TR, B XIER 1 m? A+
JE KL, W E KR B
1.43 Richards # & % 45 4E A4 Richards t A2
kMR, BE AL by c INAANSH, £ “S7
B2k, UL DMA NKEAR R Y, MG R
HoNEAE x, AW

y-—4 M

(1+eb—cx)ﬁ

AXH, 45 DMA LRRME, BP&AKE; b
NYMEZH (B MR A KOIRS H &
KEMIEICR) ; c MEKBESH N RER
ZH R FESE R R AR T R v B2 U 40 P Bl 553 PR
R AR KR (P T, 29 NN 1B N Logistic #5284

XA (1) K—Fr 2815 DMA # & (H1 5
Ay (R Y Hb EEBE TP AR R 2D, RFARUWTF:

b—cx
Voma = % . - T (2)
N(eb—cx + 1) N

WA (2) RKEER S H, B Voua b
H A R x AT AR R T R, SRS
AR

ACZeZb—Zcx 4 1)

Viowa =

( 1 2.b

xT A e —CX
i ©)
N “+DV" N +1)N

A Y ZH ST 0 IR BAK TS DMA fok0d

R 1 Xmax:
Xonax = bfclnN 4)
¥ (4> AN (3) AR DMA Mk
Vinax = Ac(N+1)l+% (5)

¥ (4 AN (2 AATFEAEKIERN Vina
EﬂLEl/‘J DMA YVmax’ & YVmax Fﬁ£ DMA gg'fEA E@E
G I

Vi =—2 (©)
(N+1)"
1= 100 (7

XA (3) 1E 0 2] 4 BRI F-T- IS DMA
EﬁiFi/}jéE-t/(ﬁ$ Vavg1

Y=A4

= —dx=
4], & F TN+

Vavg =
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DMA JEH I TTHE Vi 2 ARG AT
K DMA RERI 7 vl s R, X5 (4
REPr FHOFLIAET 0, W HIAGE] 2 M5 RiAE
BEA bR ERIARERE X110 xo:
_ln(N2 +3N+]\£\e/bN2+6N+5)

x= €))

c
ln(N2 +3N - NN? +6N+5)
) 2¢’

X2 = c (10)

DMA 7£[0, xi[ ¥, fE[x1, xo]ytRIEH,
2, PG 4 x5 xi HHIEAS BIPE
MR EAx, AN

Ax=x—x (1 1)

B AN (D ATRETE TV R AR R & 1,
K 2 By AR (1) A HAH A 2 s
TR E yor ¥ x3 2 2R (1D HTF4
HAHRAS BRI TR R E ys, AN

ylz% (12)
(1+eh—cxl )ﬁ
A A
y2= - 1 13)
1+eb—cxz N 1+eb—cx1 N
( o )
A A
y3: 1 - I (14)
1+eb—cx3 N 1+eb—cxz N
( o )
0 _ )2
Y (%) — sy 100 (15)

144 Richards # & H 43k HRERHN

(coefficient of determination, R?) . FriEALHITT
MRi% % (normalized RMSE, nRMSE) F1-F- 354 5%t
%7 (average absolute error, AAE) X /7 F2HIHLE
BORBAT VPN, tHRE AL

R’ ={ _ 2,0 _S)(fi =5 _ } (16)
X (0 -0y X (S —-8)]”

LY (s -0y
nRMSE = —
18]
AAE=13" 0S| (18)
XA, n NFEARZE R, SONBHUE, O AW
H: SHSHTFHME G=1, 2, =, n) , OHN O
FFSME G=1, 2, =+, n) . R2M%EIT 1, AAE
BN, TR A SRR . nRMSE<10%. 10%-~
20%- 20%~30%F1 >30% 53 7 R s L BCRART5
Rif. AR,
1.5 #HiELE
KH Curve Expert X% DMA FlH 1 J5 K%L
(198 REAT LA T R HFAES 4, K Matlab
2019 #AF%f Richards J7 #2347 3Kk F, K H IBM
SPSS Statistics 27 #4777 243 #T, KA Origin i 1F
il

2 GFRE57H

2.1 mESRMUWTENEMREZE
u# 2 fivR, Ding 8 AEK B2 5T Ba 1, 1
M8 52.37%. TEF= &M KR 7T, Bal RILH T

x100 (17)

®2 2NEESMECEREARER

Table 2 Yield and its components of two oat varieties

R 3N /INEEEL R KPR TR
Variety Spike length (cm) Spikelet number Grains per spike Grain yield (kg/hm?) 1000-grain weight (g)

Bal 13.90+1.19b 26.75+3.40a 56.25+4.11a 2465.75+110.51a 22.59+0.96a
Ding 8 21.18t1.62a 21.50+2.65a 38.75+5.44b 2010.53+69.47b 20.70+0.77a

FRANSFRRFALERLE (P<005) . FH.

Different lowercase letters indicate significant differences (P < 0.05). The same below.

FNH, HARECE E N 45.16%, PR & R
FHRE 22.64%. B Ba 1 /NS Ding 8 #40
24.41%, THREILE 9.13%, (HZERYRILHNEE
KFs
22 FmELMAEEEREN DMA

HIE A&, 2l 2 A DMA H BT
ERRIWIZH B K, Ba 1 ) DMA £ 182.54~

6917.78 kg/hm?, Ding 8 ) DMA 7E 198.72~
5818.40 kg/hm?. [ EHHH AR T RSN, HAR4EF
i 4 Ba 1 ) DMA /5T Ding 8, I8MRAE 7.52%~
30.43%, P FAEI L HESRIHAN BRI 4y i) S 2
B 1 30.43%. 10.29%7#1 18.89%.
23 2N EE MM DMA itz

FIFH Richards #8414 Ba 1 Al Ding 8 7EAH [
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~ 8000 ® Ding 8
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T A 2 DMA (kg/hm

W BRI R TR MR Y
Seedling Tillering Jointing Flowering Filling Maturity
A W Growth stage
ARNFGFRRREREE (P<0.05) . FHE.
Different lowercase letters indicate significant differences (P < 0.05).
The same below.

1 TEEBMER 2 MEEZRMNTYRRRE
Fig.1 DMA in two oat varieties at different growth periods
] 2614 N ) DMA shS R, TR E T
DLILIE 2, TR S R WA 3. Bal FILETS
FEN y=3.025/(1+¢0423-0.039)10.141 - R2=() 987; Ding 8

3.0 - Bal

- Ding 8

25+

»
o
T

DMA (g/plant)
5

FHFAER gk

e
93

g
o

0 1b 2b Sb 4b Sb 6b 7b 8b
H I ] Emergence time (d)
2 e M@ Richards A&
Fig.2 Fitting of Richards model for oat varieties

&3 2kEmi DMA shiSEH
T FEAY Richards 1R B2k S 3
Table 3 The curve parameters of the Richards model for
the dynamic variation process of two varieties of oat DMA

i 12k 244 Curve parameters

2

Variety A b ¢ N R
Bal 3.025 -0423 0.039 0.141  0.987
Ding 8 2449 -1.134 0.037 0.086  0.953

E[(] :J:U\ é 75‘ ﬂ':% j\j y:2‘449/(1+e-1.134-0.037x)1/0.086 , R2:
0.953. i Richards 5 28 n] DUIR 4 Hi 51K 2 4>
AT DMA BEA: & B 18] 3 A2 .

2 M ST DMA S R R34
LB ES BN 4. Ding 8 Eb Ba 1 4270 4 d i3k
A DMA K Z I #, {H Ba 1 ) DMA 5 K#
KA Ding 8 . EIE T 30.77%, Ll DMA (1)
V=Vmax I, Ba 1 DMA % Ding 8 & 2 #2151 25.00%,
I+ H Ba 1 ZEIX /NI DMA 453 DMA 1 2
EL# Ding 8 & #2517 2.52%. Ba 1 [ DMA “F-#
B KHEF (Vae) ¥ Ding 8 B EIEH T 50.00%.
Ding 8 # Ba 1 #&1 4.52 d #E X\ DMA Hes iy, it
HARAT 7.24 d 25, R W] Ba 1 B AN TRIGHEL
Wi, {H & FREENTE) % Ding 8 K 2.73 d. Wi,
#HA Ba 1 /) DMA % Ding 8 /Al B & E T
36.36%A130.99%, 21 1l] Ba 1 ) DMA % Ding 8
PR T 21.62%. fEPRIEHE, Bal ) DMA (546
DMA 1) 2 HL % Ding 8 #2757 7.51%.

x4 2T WP DMA HHESH
Table 4 DMA characteristic parameters of two oat varieties

=) . .
v?jiy Fmax (d) V: afggl(gé(lﬁtijggz)] an:iazg(iﬁ?t) (%) V:V/:V[ggga(lﬁt?cl?;)] X (d)
Bal 402242252 0.34001a 1.20£0.09 39,4020 282 0.030.001a 13.5120 85
Ding 8 36.22+4.68a 0.26£0.01b 0.96£0.17b 38.43+0.44b 0.0240.001b 8.9941 29b
1
Variy » ) R e
Bal 66.94+4.07a 53,4443 87a 0.300.02a 1.86£0.13a 0.29:0.09a 76.01+3.02a
Ding 8 59.70+6.17a 50.7145.74 0.2240.05b 1.42£0.18b 0.37+0.10a 70.70+5.18a

z: PRIEHI DMA 5 E R BRI T .

z: the percentage of DMA during the rapid growth phase relative to the total accumulation.

24 FHERMPIANREZRSE

B 3 mIgn, EFRIAREE M T IAA H&EA
0.09~0.14 pmol/g, Ba 1 tt Ding 8 &2 wH T
55.56%. GA & &N 1.71~1.80 nmol/g, Bal
tb Ding 8 . E#Em T 5.26%. Z &N 55.20~
59.99 ng'FW/g, Bal Lt Ding 8 35425 1 8.69%.
ZR A 54.52~66.37 ng:FW/g, Ba 1 tt Ding 8 % 4%

B 21.74%.
25 mETYRARE. NEHRSTEIERE
x4
251 AMXMLA HE 12> DMA FHEE. W
VRPN = B AR bR R AH G R4, fSRIFC REL
WEE ("4
TEF= 7T, B yssh, HAth DMA FRiEES S
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0.18
ol6l 70 70 +
0.14 } 60 60 |
B2t 50l @50t
%0.10- E a0} Z a0l
2008 £ 39l 230}
< 0061 S N 29
0.04 I I
0.02 - 10 } 10 +
0.00 - - . .
Bal Ding 8 Bal Ding 8 Bal Ding 8 Bal Ding 8
M Variety Fuff Variety M Variety FuFf Variety
B3 2 EERMNNEERSE
Fig.3 The contents of endogenous hormones in two oat varieties
Y PV 4 L VA A4 WA 4 h Y 4 Al 4
Vinax Vi a8 g% par A Y s O
¥y | 0.96 WAl iV V4V V4 Y& &rd A\ VL d
T[ 088 086 094 | g0 g8 8 G0 37 27 Q@ 40 & &7 a0 S, a0 o7 o g0 080
V| 0.40] 099 Vi 27 0 0 NS S|
X1 0.97 0.82 0.96| x1 |G P AV Y aF F VA :
x| 0.83 0.86/ 0.80 X, g A o N o G0 &0 & a0y, & T 0.40
Ax| 0.80 0.92) Ax £ &P B, &7 & €\ &
n|0.95 1.00 0.96 0.86 i 2 QW a0y, s S0 020
» 0.89/ 0.89] 0.88] 0.85] 0.87/ 0.93 090 3, gy 27 G s S S g o S D
»s »» N DONVWIITFOVLD 0.00
z 0.88 0.84 2 AV 2y, & & 0.20
IAA 7 0.8 VW IV &V .Y &F & &7 4
GA 0.88 0.89] 0.83 > AN’y i
Z 0.89 0.87| 0.93 0.91 0.85/ 0.83 7 & S 7 B T o
ZR 0.89 0.92] 0.88 0.81 090 0.89 0.84 ZR g, @7 &7 7 F7 060
SL SL W, S, R, W
SN SN @0 gV 47| -0.80
GPS 0.86 0.91] 0.80] 0.81 0.84] 0.84 0.81 GPS & 4V
GY 0.96 0.85] 0.94] 0.88 0.86 083 GY g@0| 100
KGW 0.81 KGW|
Yoax Vi Yrw I Ve @ X Ax ¥ »» » z IAA GA Z ZR SL SN GPS GY KGW

7 FORMRMERZE (P<0.05) , e FoRMRMEREE (P<
KGW: THi#E. z: PIEH DMA G RENH .

“*” indicates significant correlation (P < 0.05), “**” indicates extremely

0.01) . SL: f#4; SN: /N#%L; GPS: FERIEG GY: fFhi=aE;

significant correlation (P < 0.01). SL: spike length; SN: spikelets number;

GPS: grains per spike; GY: grain yield; KGW: 1000-grain weight. z: the percentage of DMA during the rapid growth phase relative to the total

accumulation.

El4 FHMERMR. NEHESHEEZER/XMESN

Fig.4 Analysis of the correlation among dry matter a

FPRLP B R IEAE . A, Viae 20 Vag M x1 5FF
B i BB AT Vimas y1 By SR B
BREEMK. BREKSS, HAbR Z MR SR
FEEIEAH G, BAREREUE B E K

MR RS GA BREE B, JEH 5 TAA.
Z. ZR 2R FIEMHR, By Ak, HA% DMA FF
B 5 NEE RIS EEEMK. Hh1aA 5
Vinacs Vaves X1~ y2 BRFIEMK, FEHS5/MEEL
FEREO TR EZEEIEH K. GA 5 Viws Vave
SRR E EMAR, JEEHRE. TREREEIEH
Ko Z5 Viaxs Vaves X1~ 2 z BB F IEHK,
Hxou Iyt BRZFEMHK. 1AL, ZR 5 Viao Vaes
x1 BEREFEEMX, 5y 2EFEIEMHL. BREK

ccumulation, endogenous hormones, and yield of oats

b, HAREMIRYS Z 1 ZR & B2 1EH S,
Hepfhi R z 5 ZR £ 8F EMI, JHFHThE
5 ZR BRFHIEMHX.

252 ZAasMmEESA RifiEs ) DMA FHIE
B IR B 8 DA Z MRS 7= 2 1) 35087 B 2
BN, DME R DMA FHIEIRZ O f8 R, Mg e
BRI B L VA g N o= o P e i e AT I |
i, A5 B LR A T FE y=371.78+11415.09X1—
75.63X5-11.97X11, R=0.9907, F=70.41, Vimax (Xi) -
x (X5) + ZR (X 578 () BEMEEMEIKR.
253 @aEsH mILE ud P EA TR )
M REEER R ML TV R R GBS RHEE . Z.
ZR AR A Z PR = e 1 BRSO, SE B s



S 234 11

BAHER A LT Richards B3 70 A T4 5 AR 2R % PR GEOG BR g 2 7 B F ) R ) 87

5 VP 1 LE R AR AR (R AE X B, DA 9T DG
DRIZE, 38 2 R s i = s B 1) H o DRItk
—BRHMTIERE T, TR R S, Vi (X1
x1 (Xs5) FIZR (X)) $R5E [ 7784 71 98.14%,
Wi B I 7 B8 R g2 e BR T IROR 7R MR R T e
B HEEZ RN Vi (XD >
x1 (Xs) >ZR (Xi1) « HA, Vi (X)) BEHEE

RHEAER, HiEERRECH 1.9888; x1 (X5) Fl ZR
(Xo) [ E I RE 0 8-0.7672 F1-0.3221,
FKPFEFAMHER. 3AEFH, RH Vi (XD
W EBIES REOK TR0 R B A, P Vi
(X)) XFHEsE F= g R 32 BRI AR .
PRI, x (Xs) FZR (Xo) MR ELIE R R EZ FIK
FHEPERRRE, X 2 DNE TR R

x5 THRRAR. NEHRSHZTENBESH

Table 5 Pathway analysis of dry matter accumulation, endogenous hormones and oat yield

B A B BB 3238 1% R 3 Indirect path coefficient T4l 23
Independent variable Direct path coefficient Xi Xs Xo 41 Total Residual path coefficient
Vinax>  Xi 1.9888 -0.7430 -0.2881 -1.0311 0.1363
X1, Xs -0.7672 1.9260 1.6424
ZR, Xo -0.3221 1.7791 -0.6755 -0.2836 1.1216

e = EEARILLE A BEAE b, midE EEAEH .
3 e
3.1 %3 DMA X280

YEY) DMA & 7= 8% U 32 24 )5 B4l , DMA
RS N, MEAEKITH (s
FHEH) DMA 818, MIFIEHE DMA K H 3 5
TR IZRWIE R, XMETH D G2 IR e T
PRI T RS, SRR DMA f77E A 25 5%,
TN ROV 75 32 B v 7 it MPANY DMA T ZE TR, 17
HTYR R A I8 R A TR . AR 7R
B, Ba 1 TERRIRFTHALLAMA AL K AT DMA ¥ KT
Ding 8, JFHEAEKH 5H DMA AR RFFE =T
Ding 8 fRI/K T, B3 70 ARAIEFFRE 5T B A0 e (R
WA REER, XERATH 2 A HENME
R~ ERIHREEZ RN EEER, a7
NPT 58 —5 . SR11T, 4177714 Ba 1 ) DMA 1A
J Ding 8, W] B K A4k 19 A & #3725 Pl i Al
P AEAR G M ) B ZEBY B, Ba 1 7EULBY BOE %
LR INNEN SV E: SIPNIIE Y LIk i EEid
R ). R Ba 1 7R Y I 4 B0 Tk
TR LR 25 F T R B LR R &, i dFE BB
1T DMA.
3.2 DMA [f] Richards fREH& 7

AT SR, I8 A KA SR B S
A LAS HH DMA 36K R, B S 8074
HT 5 A B8 A5 5040 J53 384 0 1) P98 5L R R Richards
B LY Logistic 18 BIE & fRAED I “S” B4R
K2k . fEFFRLIER SRR, PO RS H] 5

TR E 2 2 IR ARG, BRI R A )L E kK2,
AAREGIE T Richards B85 DMA Bh4&5HE4T 7007
SERFI, P Ba 1 () DMA % Ding 8 &3
Perm, HEIW DMA (544 & B8 DMA [t
IR FERTE, XESH Bal P EEZE ST Ding 8
1 B A FENLH 2 — o it 3t — 25 3 #T Richards /5
FEMBHESH, Ba 1 ) DMA 2758 S Al i R
%1% Ding 8 H R E . K4 Bal i\ DMA )
Pt 1%¢ Ding 8 W, (HIL RS A] 5 Ding 8 £k .
X—2ER R, S8 Ba 1 YL DMA & T Ding 8
(1) 3 BRI AR R, M AN 2 PR H 45 82 (] (19 22
K, 55 AR R — 2

FE 5 DMA ] Vinax T Vaye 221830 130 DMA
fn, MR E SRR, AR KR, FR R E
Vinax~ Vavg Pl x1 2R IEAHC. @AM 8w,
Vnax (I ELIEE 42 R HCN 1.9888, KB Vinax H/N UK
k2 FEOE B RIREARS), B Vi W72 210 B3
ER MR, JUPRHAD R ERFH. BA x
W EEEEREONOUE, BEA RN SE, Hxt
FERAAREHER, UATE A DMA RHIEE A
R T BRI 3E N DMA PRIGH, BoF R T8, X
S5 NCARIHE A BT X 5, 7T e i T e R PR
WIRT E B OLE SR KON T PRIEIHR T Re R E
FAEKIER, nTRUERE 2 P6E 7=, i fd
FEARAE AR B A K 6 & 7= IR R 32 =38 o,
RATRTHP= B . K1, DMA S2hp Az 3 5 A5 i 25 %
BORE R, ZIA R SRR A SR R L,
R WL K FRABER AR AEY HAESE, H
AW G R B AR B R, AN TR AE A U B X
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DMA W REAETEEIN, A Fidk— D A 5%
3.3 AIEHMEXMFEHRMN

PR B R S R A KR B R S T R
KEE SR, B R A 18 R 5 Fe 334,
WK, YRR 7K T 2 2 s e R R 2 O
PN SEME 72 5 o AHIE FE R B, w77 i Fh Ba 1 1) TAA
GA. Z LI ZR &35 535 & K™ i F Ding 8.
RS E R, GAL Z Al ZR &8 5 DMA %
B Vinaxs Vave BT IEAIE, RIIX 3 PR
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Abstract

hormones on yield in oat varieties with different yield levels, this study used a high-yield variety (Ba 1) and a

To investigate the dry matter accumulation (DMA) characteristics and the effects of endogenous

low-yield variety (Ding 8) as materials. A single-factor randomized block design was employed. The Richards
growth curve was used to fit the DMA process, and the dynamic characteristics of DMA and yield effects were
quantitatively analyzed. Correlation and path analyses were conducted to identify the main traits affecting high
yield. The results showed that the grain yield of Ba 1 was significantly higher than that of Ding 8 by 22.64%.
Except for the seedling and jointing stages, the DMA of Ba 1 was higher than that of Ding 8 across all growth
stages, with an increase ranging from 7.52% to 30.43%. The coefficients of determination for the Richards model
of the two varieties were 0.987 (Ba 1) and 0.953 (Ding 8), respectively. Correlation analysis revealed that the
maximum accumulation rate (Vmax) and average accumulation rate (Vav,) of DMA were extremely significantly
positively correlated with grain yield, and Ve had a direct promoting effect on grain yield. Viax and Vavg of Ba 1
were significantly higher than those of Ding 8 by 30.77% and 50.00%, respectively. The later the start time of the
rapid growth period, the stronger the promoting effect on yield, with Ba 1 entering this period 4.52 days later
than Ding 8. Furthermore, during the grain-filling stage, the contents of auxin and gibberellin (GA) in Ba 1 were
significantly higher than those in Ding 8 by 55.56% and 5.26%, respectively, while the contents of zeatin and
zeatin riboside (ZR) were significantly higher than those in Ding 8 by 8.69% and 21.74%, respectively. Grain
yield was extremely significantly positively correlated with GA content, and ZR promoted grain yield formation
through indirect effects. In conclusion, high-yield varieties exhibited significant advantages in key DMA
parameters such as Vmax and Vave, as well as in endogenous hormone contents. Therefore, breeding high-yield oat
varieties should focus on the dynamic changes in DMA and the regulatory mechanisms of endogenous hormones.

Key words Oat; Dry matter accumulation; Richards model; Zeatin; Zeatin riboside
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