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A model to predict dry matter accumulation dynamics in wheat based on the

normalized method
LIU Juan, XIONG Shuping, YANG Yang, ZHAI Qingyun, WANG Yanfeng, WANG Jing, MA Xinming "

Key Laboratory of Physiology, Ecology and Genetic Improvement of Food Crops in Henan Province/ College of Agronomy, Henan Agriculture University,
Zhengzhou 450002, China

Abstract: Dry matter accumulation plays an important role in the wheat yield. Under field condition, wheat cultivars with
different tillering abilities have different dry matter accumulation characteristics. So it has great significance to realize the
simulation and prediction of wheat dry matter accumulation process. Simulation models can quantitatively describe dry
matter accumulation, and the equation based on the normalized method is widely applicable. Accumulated temperature is
superior to time parameters as the variable of the prediction model. To investigate a model to simulate wheat dry matter
accumulation, three wheat cultivars ( Yumai 49- 198, Lankaoaizao 8, and Yanzhan 4110) with different tillering abilities
were grown at three densities each (750000, 2250000 and 3750000 plants/hm’) in a field experiment. The dry matter
accumulation of wheat varieties with higher ear—bearing tiller percentages ( YM49- 198 and YZ4110) were highest at a
density of 3750000 plants/hm’, while that of the variety with a lower ear-bearing tiller percentage ( LKAZ8) peaked at
2250000 plants/hm’. The dry matter accumulation of different varieties differed with density, therefore a suitable density
should be chosen for each variety to maximize dry matter accumulation in wheat production. Five simulation models with
high correlation coefficients for relative dry matter accumulation were established using normalized accumulated temperature
and dry matter accumulation. We tested five models, and the optimal model was found through the limit of all the

equations. The best predictive model for dry matter accumulation was the Richard curve equation, i.e., y=1.1435/(1+

EEWA ATl CRlk) BHIFE (201103001 ) 5177 5 BUACA ML Mk B AR K R (52010-01-GO4)
WS BHEA:2011-12-04; f&iTBHHA:2012-05-23
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e HOTHOB Y VOO T = 0. 9927, and its characteristic parameters were calculated based on the relative dry matter
accumulation model. This Richard equation had relatively small parameters and a straightforward biological interpretation.
Normalization overcame changes in model parameters caused by different cultivation techniques and varieties and improved
the versatility of the model. The values of parameters b and ¢ changed dramatically among varieties and densities, while
parameters a and d varied only slightly. The model was tested with relative dry matter accumulation data from 2010—2011;
the correlation coefficient r of simulated dry matter accumulation was above 0.98 ** |, and the accuracy K was above 0.91"" |
showing that this model could accurately predict dry matter accumulation. This model simulated dry matter accumulation of
wheat using accumulated temperature in any growth period and predicted well the actual wheat production, making it highly
suitable for practical use.

Overall, dry matter accumulation could be divided into early, middle, and late phases based on the two inflexion
points in the rate equation. The dry matter accumulation rate was very sensitive to density in the middle phase. The relative
accumulated temperature was 0.53 at the maximum dry matter accumulation rate, when the dry matter weight was about one
—half of the total weight. These data indicated the importance to improving wheat yields of enhancing field management in
the early growth phases, including the cultivation of sound seedlings and the construction of appropriate populations. The
average rates of dry matter accumulation were highly significantly correlated with dry matter weight, and they were the most
important factor influencing dry matter accumulation according to path analysis. Higher average rates of dry matter

accumulation had significant effects on stabilizing and increasing the dry matter weight of wheat.

Key Words: wheat; tillering ability; density; dry matter accumulation; simulation model
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HEATRLALL  FETTA0AT T RER SO e R SR R o (A WFEIA N IR A AR 2578 1 5 AU () 28 1A
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1 MBE5F=E
1.1 5t

RIS T 2009—2011 AEFETR R A K F B EOR M6 bel X HE A7, 80 1 1 84380 + ) 326 0 £K,0—20 em
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N 225 kg,P,0; 158 kg,K,0 90 kg, H:rr 50% AN 5 BFIE—RVEARAEA , HA4 50% L T4 10 145

http ; //www. ecologica. cn



5514 A E = 324

BB, NEETIHANBARRE . BRSNS & W T AR 5 — 20 PR IR R L
XA BT, A HZE A, B KR %R SRk 3 4S50 8E TR /N2 SR, B, 542 49- 198 (YM49- 198,
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Fig. 1 Change in dry matter accumulation with accumulated temperature after emergence for 3 wheat varieties with different
tillering abilities
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y= 1. 1435/ (142767465 ) 10130 () 9927 (6)
M2 AT LU BT a3 AN AN ZE R IR 25 B T 1Y RDMA J5 %, HAHE R B 1E 0.99 DL b o (AN
130 {ERT ¢ fE7E %5 BE RN AR ) AR SS9 90K . d (B Bk LKAZS Hhvag B S b R R4 B 0] A8 S 341580/
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Table 1 Dynamic models of relative dry matter accumulation in wheat

BT #H Cocfficient bz XAy (i y value
Simulated equation a b ¢ d SD r x—

(1) y=a+bx+ex® +dx? 0. 1300 -1.5732 5.8627 -3.4123 0.0438 0.9931 ** ©
(2)y=a+bcos(cx+d) 0.5120 0.4966 3.6447 2.6218 0.0441 0.9930 ** ©
(3)y=(ab+ex®) / (b+x?) 0.0094 0.1787 1.2058 3.5727 0.0452 0.9926 ** 1.3
(4)y=a/(1+el~r) (1 d) 1.1435 0.2776 4.6558 0.1130 0.0452 0.9927 ** 1
(5)y=a/(1+be™) 1.0474 89.6528 7.6978 0.0482 0.9916 ** 1

FrEH x A ENE, y AR TR, P<0.01 ;a0 AAHX KK B, o denoted relative maximum increment; b S ZE(WIE , b denoted
initial value of parameter;c F4E K HHRBEL, ¢ denoted growth rate parameters;d ATEARZEL, d denoted shape parameter

x2 ARSEHADNERNTFURREENATRERY

Table 2 Coefficient of normalized dry matter accumulation dynamic equations in 3 wheat varieties with different tillering abilities

A ¥ Density FHU Coefficient brifi2: FHOC R
Cultivar /(x10*#k/hm? ) e b ¢ d SD r

YM49- 198 75 1.1311 1.1451 5.2225 0.1752 0.0242 0.9984 **

225 1.1262 1.1149 4.9364 0.2212 0.0233 0.9984 **

375 1.0297 0.3105 5.7372 0.1012 0.0468 0.9938 **

LKAZ8 75 1.1963 0.7422 4.5944 0.1443 0.0414 0.9952 **

225 1.1080 4.3875 7.1916 0.9213 0.0384 0.9959 **

375 1.0243 3.2801 7.3800 0.6138 0.0228 0.9986 **

YZ4110 75 1.1845 1.0015 4.7821 0.1663 0.0274 0.9979 **

225 1.0597 1.0819 5.8445 0.1936 0.0214 0.9988 **

375 1.2915 0.2949 3.7258 0. 1499 0.0460 0.9936 **

http ; //www. ecologica. cn
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Fig.2 Relationship between the simulated and measured dry matter accumulation data of wheat
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TR 2 A XS R (7) ZUCR® I H R 0, AT 2 2 DN s AL RATIH T, R T, .

2 JE+6d+5
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e
2 —dJE+6d+5
TZ:—ln[d + 3d dzbd +6d+5j/c 9)
e
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Fig.3 Change in relative dry matter accumulation rates for 3 wheat varieties with different tillering abilities
(4 X
dy aXc (10)
0 P T2(d+2)
ARAT=(b—lnd)/c (11)
_ a Xc
ARmax - (1 +d>(d+1)/d (12)
a
ARDMA = ——— 13
( 1 + ) 1/d ( )

Hr G T Wy R AR A 4 3 ARAT R T I fe KA R e R R A AR O BRI S AR, o T-H AR
Xa‘ﬂiﬂﬂ,%’éﬁ%;ARDMA R TP R KR R LT AR X T B R it B /NEE RDMA BRI S 4U4Q
A FIRBEIESHR 58] 6=1.26 ARAT=0.53 AR, =1.86 ARDMA= 0.44, [HIt, #ik/NE AR, WHHIAHE
XU 0. 53, ILET Y DMA €15 & DMA 09— Z247 . R DMA,, AT, ATLAEDRH AR LR SEFRAR
I (ARAT" ) FSEBR I T it £ (ARDMA' ) UL JSEBR ) B B 2 B 3 2R (G ) RN S B 1 40 Joa R 8 o K %
(AR,.")(%£3),

x3 AEDENNETHMRREFESH
Table 3 The dry matter accumulation characteristic parameter of 3 wheat varieties with different tillering abilities
Z¥% Parameter

R JIC#/ ﬁ*ﬁﬁfﬁ - ] % EXTﬂiﬁfx/\ SR B y

/(x10* #/hm?®) p&lﬁ \/ﬁ ARAT' +%ﬁﬁ% ARDMA’ G' )
/% /(ke/°C) /(ke/hm? ) /(ke/C) / (kg/hm™)

YM49- 198 75 1227.46 23.63 11808. 66 16.04 26235.00
25 1180. 15 2.67 1245413 15.38 27292. 50

375 1006. 74 29.63 12628.59 20.13 31793.75

IKAZ8 75 1294.32 21.76 12031.90 14.77 25596. 24
225 1380. 01 29.60 17560. 68 19.78 32197.50

375 1133.77 25.35 12307. 89 17.07 26205. 00

YZ4110 75 1298. 03 24.05 13026.20 16.33 27735..00
225 1034. 88 23.40 10609. 39 15.88 24975. 00

375 1306. 80 28.22 19341. 10 19.16 38023.93

ARAT' ,actual accumulated temperature in occurrence time of maximum rate of dry matter accumulation; AR

max

maximum actual accumulating rate of

dry matter accumulation; ARDMA’ ,actual dry matter accumulation in occurrence time of maximum rate of dry matter accumulation; G, mean actual growth

rate of dry matter accumulation
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Table 4 The path analysis between dry matter accumulation characteristic parameter and dry matter weight of wheat

i H Efﬁﬁg)ﬂ [B]#%4EH Indirect path coefficient 26 2B "y'l%iﬂt R* Btk
I Direct path Variables total
“m r
¢ coefficient —xl —a2 —u3 —a4 contribution to R?
ARAT' -0.1003 — -0.2055 0.5379 0.0784 0.3105 -0.0311
AR, -6.0693 -0.0034 — 0.5817 6.2864 0.7954 " -4.8275
ARDMA' 0.8599 -0.0627 -4.106 — 4.2153 0.9065 ** 0.7795
G’ 6.2938 -0.0012 -6.0622 0.5759 — 0.8063 "~ 5.0747

PLiE R R =0. 9956

3 i 5Eit
3.1 R[EIGTEES /N T AR SRRk M AR AL Y Ny

Az e S /NG KPR B B W) ISR 1R e I G R S b T R RS A e A R
AWFGTAG T, A B AL AT HE R /NAE DMA (BRI 2% B 5 R 2 T30 DMA FRE ) ARBFIE R B0, BURER A 5 /N
2 Pl (YMA49-198 | YZA110) 1= %5 BE AR v RAS BB, BUBER ALK 1) /N2 B ( LKAZB ) Hfv 4% J3 A ml 4R
BT =, SO, AR A3BE 7 0 b o b R 2 B (4038 1 VAP e 25 57, A 7= B N R SR IS ' DMA
(A b, AN 43 BE /N2 e P53 B R R R, TR R e

DMA HUHPEAS R B B A M B> SR W B S B35 £ |, i 2 MR R AR B LA H
Wk, SR RICR FH 256 5 LB Rl A 00 ok S VR A B T LS i Y BTN
DMA BhZSAFACHFAE R | 355 AR A A8 A A A2 K R 3 AR R0 sk S 0 3 4 5 L X A9 4 5
il N EAT S M AR, DABORAE R i o] ROBE S Btk 53 ok, R < I8 —A40” @ sr o it B Ay
JIZAE R, T AR DR 9 AN T i 3 B B 22 5, A R TR IRl A R ) bkt TR, ARG ST T
BT T R LLBUR 5 B Richards 7R y= 1. 1435/ (14270740980 V0130 (1. -0 9927 ) $ 55 T 45
YR8 M, s R T R AR B R N A AT R AR SRR AR Bk, 257 19 Richards 7S8R H B A
RGO A2 B X, T8 R FIAT A 7 300 A R ] AR DL AT B2 3 I /INFE DMA | %o /N A e st R ok
AT,
3.2 /NE TR BB B A oy FURRIE S EOE 5

VR AR BT B AT HE 0T LA AT A W SO R e S48, it i o] LAV E P ) T o AR
B AARFFAE D AR RO RS B R, K N AT SR B AR R A AT R S I 3 A
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J e KA B R B Y RAT 4 0. 53, BLEFAY DMA B 5 5. DMA B9—2F 2247, U WA N5 /)8 22 w39 1 [a) 45 28
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