N

N

Simulation Study of Winter Wheat Photosynthate
Distribution Effect on Controlled Water and Fertilizer
Measure
Yan Li, Yangren Wang, Shuhong Sun

» To cite this version:

Yan Li, Yangren Wang, Shuhong Sun. Simulation Study of Winter Wheat Photosynthate Distribution
Effect on Controlled Water and Fertilizer Measure. 7th International Conference on Computer and
Computing Technologies in Agriculture (CCTA), Sep 2013, Beijing, China. pp.69-77, 10.1007/978-3-
642-54344-9 9 . hal-01220675

HAL Id: hal-01220675
https://inria.hal.science/hal-01220675v1
Submitted on 26 Oct 2015

HAL is a multi-disciplinary open access L’archive ouverte pluridisciplinaire HAL, est
archive for the deposit and dissemination of sci- destinée au dépot et a la diffusion de documents
entific research documents, whether they are pub- scientifiques de niveau recherche, publiés ou non,
lished or not. The documents may come from émanant des établissements d’enseignement et de
teaching and research institutions in France or recherche francais ou étrangers, des laboratoires
abroad, or from public or private research centers. publics ou privés.

Distributed under a Creative Commons Attribution 4.0 International License


https://inria.hal.science/hal-01220675v1
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://hal.archives-ouvertes.fr

Simulation Study of Winter Wheat Photosynthate
Distribution Effect on Controlled Water and

Fertilizer Measure

Yan Li"*, Yangren Wang'®, Shuhong Sun'

'Hydraulic Engineering Department, Tianjin agricultural university ,Tianjin 300384,China
bfsqz0922@163.com,’wyrf@163.com, hongss63@126.com

Abstract. From the morphological characteristics of crop growth, the
mechanism model of photosynthate distribution based on the dynamic
ralationship between root,shoot,leaf and grain is proposed in this paper. And the
method of the determining model parameters with the field experiment data is
proposed. The root-cap growth equilibrium coefficient, the shoot-leaf growth
equilibrium coefficient, the grain-shoot growth equilibrium coefficient, the
water stressed coefficient and the nutrient stressed coefficient are obtained by
the nonlinear program according to the measured dry matter of the winter wheat
root,shoot,leaf and grain in 2008 in the irrigation experiment station of Tianjin
argricultutal university and the objective function of the minimum absolute
error sum on the simulated and measured dry weight. And they are verified by
the the winter wheat measured data in the irrigation experiment station of
Tianjin argricultutal university in 2009. The results show that the simulated
value and observed data of the dry weight of root, stem, leaf and grain are
consistent. The correlation coefficients (R*) of the comparison between
simulated and measured value of the root,shoot, leaf and grain dry weight on
every treatments were all over 0.81. It shows that the model on the simulation
of the root, shoot, leaf and grain in this paper is reasonable.It provides a

theoretical basis on reasonable farmland irrigation and fertilization.
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1 Introduction

The Chinese and foreign scholars have done a lot of work on the tendency of the
wheat growth for forties years and proposed many crop growth models. But, the
existing wheat growth simulation models also have some shortcomings. Especially,
the photosynthate allocation in the existing crop growth models is a empirical model.
This has affected the development and application of the crop growth models to a
certain extent.It is further studied and developed a mechanistic model. It need to be

improved its explanatoriness [1-5].

2.Creation of the model

2.1 Hypothesis of the model

According to the same stretch law of the crop growth, there are several following
hypotheses in the establishment of the distribution coefficient model on the winter
wheat photosynthate.

(1) Balance hypothesis of the stem-leavf growth

QUCMW, =K, -W, (1)

Where 7, is the dry matter weight of the leaves, kg/hm*; ¥, is the dry matter weight of
the stems, kg/hm?;Q,C are the Nitrate average concentration (g/kg) and the average
volumetric moisture content (cm’/cm®) in the soil of 0-100cm depth, respectively. x;
and y; are the index. K;is a proportionate coefficient related to the crop species and
the growing period. In this paper, the coefficient of the stem-leave growth balance
was defined. It is one of the crop hereditary parameters related to the crop species and
the environmental factors.
(2) Balance hypothesis of the seed-stem growth
Q*ChW, =K_, -W, @

Where W, is the dry matter weight of the seed, kg/hm?; x, and y, are the index.The
remaining symbols are the same meaning as the former.K, is a proportionate
coefficient related to the crop species ,the growing period and the environmental
factors. In this paper, the coefficient of the seed-stem growth balance was defined. It
is one of the crop hereditary parameters.

(3) Balance hypothesis of the root-shoot functions
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Q* C”W, xS = Ax (W, +W, +W, )x P, 3)

Where W, is the dry matter weight of the roots, S is the absorbing water velocity of
the roots, P, is the canopy photosynthetic rate. x; and y; are the index.Because the
whole crop growth was analysed, the absorbing water velocity of the roots(S) was
equal to the actual transpiration rate of the crop (7). In this paper, 4 related to the
species , the variety characteristics of the crops and the environmental factors was
defined as the coefficient of the root-shoot growth balance. It is one of the genetic
parameters of the crops.

(4) The composition of the roots, stems leaves and seeds was not significant
difference. The substrate of the growth was transformed the dry matter with the
conversion efficiency Y. The rest (1-Y,) was consumed by the respiration [6-9].
Through the one day's accumulation of the photosynthate, the dry matter weight

increment of the roots, stems, leaves and seeds(dW, dW,, dW, dW, ) were as

following
dw, = f, - P, -Y,
dw, = f,-P, -Y,
dw, = f,-P, -Y,
dw, = f, P, Y,

The dry matter increment of the plant (d/¥) can be described as
dW =dW, +dW, +dw, +dWw, =Y, Py 4
Where P, is the total amount of one day photosynthate, Y, is the conversion efficiency

of the photosynthate.

2.2 Deduction of the model

It is supposed that the dry matter weight of the various parts of the plants is W, W,, W,,
W, in the ¢ time. The canopy photosynthetic rate is P;, the absorbing water velocity of
the roots is S , the plant is in a growth equilibrium state in the ¢ time. It can be
described as equation (1), (2) and (3).



In the ¢+ 4t time, the various parts of the plant is W,+dW, W+dW,, W.+dW,,
W,+dW,and still in a function equilibrium state. It is described as,

QUC" W, +dW,) = (K, +dK,,)- (W, +dw,)

Q¥CY*(W,+dW,) = (K, +dK_)- (W, +dW,)
Q*C"(W, dW.)-S = (A+dA)-(W, +dW, +W, +dW, +W, +dW, )- P,
The before-mentioned 3 formulas were arranged and the high-level
infinitesimal(dK,, * dW,, dKy, *dW, dA *dW, dA *dW,and dA *dW,) was omitted.
That is obtained,
dW, =W, -dK, -Q*C” + K, - (W, -dK, + K -dW,)]/ Q" C*™> (5)
dw, = (W, -dK, + K, -dw,)/Q*C” (6)
A-P,

dWr B S -QX1+X2+XSCyl+yz+y3 [\N| .dK5| .QXZCyZ + KsI 'dWI _szcyz
+Ws 'sze + Kse(WI ' szI + Ksl ) d\NI )]+ (We +V\§Q+x:,z/:l 33. Pd L (7)

Substituted equation (5), (6) and (7) into equation (4) , the distributive mechanism
model of the crop photosynthate will be obtained.
The distributive coefficient of the roots was calculated as

f A
re S .QXﬁXz*XsC YitYatys |

Y [VVI 'szl ‘Q*C” + Kq 'dW| -Q=C*
9

(8-1)
X W _ .
AW, K, + KW dk, 4K - W Z KW, W, +W, +w;)- dA
dK SQ*C” -Y,
The distributive coefficient of the stems was calculated as,
“CUW, - K W,
W,-sz,+KS,-Q s Shia
fo dKy (8-2)
S QXlC . Pd 'Yg
The distributive coefficient of the leaves was calculated as,
f = Qchyl\Ns — KsIWI (8-3)
! dKy, - P, -Y,
The distributive coefficient of the seeds was calculated as,
X Y _
Ws'sz;e'QXICyl +Kse'(\NI 'szI +Ksl Q c WS KSIWI)
- dKy (8-4)

€ QX1+X2CY1+Y2 Pd Y
g



2.3 Determine of the organ quality and economic yield

According to the before-metioned concept of the photosynthate distributive

coefficient, the dry matter of the roots, stems, leaves and seeds are calculated as

follows,

Wi =W, +f i -FByi-Yy, 9-D
Ws,i :Ws,i,l"' fs,i 'Pd,i 'Yg,i (9-2)
W, =W, + fiiPai- Yy (9-3)
We,i :We,i_l + fe,iPd,i 'Yg,i 9-4)

Where W, ;, W; W;; and W,; are the dry matter weight of the roots, stems, leaves and
seeds on the i day, kg/hm®. P,; and Y, ; are the amount of the photosynthate (kg/hm®)
and the transformation efficiency of the photosynthate. W,.,;, Wy ;, W;.; and W, ; are
the dry matters of the roots, stems, leaves and seeds on the i-/ day (kg/hm?). f,.;, fii, fii
and f;;are the photosynthate distributive coefficients of the roots, stems, leaves and

seeds on the i day.

2.4 Calculation of the water and nutrient stressed coefficients

(1) the water stressed coefficient. Where it is calculated with the power function.
Tai Y
FW, =| & O0<FW, <1
T, (10D
Where T; is the crop transpiration on the i day in the water stressed condition(mm/d).
T,; is the potential crop transpiration(mm/d). ¢is the sensitivity index of the crop
growth and yield in the water shortage condition, it also is called the water shortage
sensitivity index. The crop transpiration 7, is equal to the water amount of the crop
root absorption.
(2) the nutrient stressed coefficient. Where it is also calculated with the power
function.
FN = (R, (t)) (1D
Where Ais the sensitivity index of the crop growth and yield in the nutrient shortage

condition, it also is called the nutrient shortage sensitivity index.

RtpyN (t)= min[:L P (t)/ Py (W )] (12)



Where Py () is the crop Nitrogen content on the ¢ time (%). P.n(W) is the critical
crop Nitrogen content, it is also the Nitrogen minimum amount of the crop growth in

the no Nitrogen stressed condition (%), it is calculated as follows[10],

P (W) =1.351+ 3¢ | (13)

Where W™ = max[l,W], W is the dry matter accumulation on the computed time

(t/hm?).

2.5 Accumulate of the organ dry matter

The crop photosynthate simulation in the water and nutrient stressed condition is
calculated as follows. First of all, the potential crop photosynthate is calculated in the
no water and nutrient stressed condition, it multiplied by the water and nutrient
stressed coefficients then, the crop photosynthate on the one day is calculated as

follows,

Py = Py - FW, - FN,

mi

a4

Where P,,;is the amount of the photosynthate in the no water and nutrient stressed
condition on the i day (kg/hm®) . P, is the amount of the photosynthate in the water
and nutrient stressed condition on the i day (kg/hm?) .FW;and FN; is the water and
nutrient stressed coefficient, respectively.

Formulate (14) is calculated the amount of the crop photosynthate on the i day, and
then it is multiplied by the distribution coefficients of the photosynthate for the organs
(the roots, stems, leaves and seeds), the dry weight of the organs are acquired on the i
day, and then it is added to the the amount of the photosynthate on the previous day,
the sum accumulated every day is the final photosynthate cumulative value. The dry

weight of the roots, stems, leaves and seeds is calculated as formulate (9).

3. Model Examination

3.1 Experimental Execution

Winter wheat phased draught experiment is performed in the irrigation experiment

station of Tianjin Agricultural University. The experiment station is located at



Lat.39° 08’ , Long. 116° 57’ , sea-level elevation is 5.49m and groundwater level
is 3.70-1.06 m. The experimental field covers an area of approximately 1 hm®. Water
for irrigation is groundwater transmitted by plastic hose and is metered. Winter wheat
variety 6001 is selected for experiment. Based on local rainfall of the experiment
station and water demand of the crop and by referring to previous experimental and
research results, it is determined to carry out treatment as per winter wheat
water-fertilizer double factorial experiment. Irrigation is divided into 5 levels (240mm,
180mm, 120mm, 60mm and non-irrigation) and is made at wintering, jointing, earing
and filling stages. Fertilizer is applied at 4 levels (750kg/hm?, 450 kg/hm?, 150
kg/hm? and non-fertilizing). Compound fertilizer with total primary nutrient of no less
than 54% is used as base fertilizer and is applied to soil with seeding; carbamide with
46% nitrogen content is used as top dressing and is applied along with jointing
irrigation, i.e. fertilizer application is immediately followed by irrigation. Considering
partial combination of base fertilizer and top dressing, 8 treatments are designed in
2008. A part of treatments are adjusted in 2009 on the basis of experiment in 2008
and number of treatment is increased to 10.

For experiment made in 2008, it is seeded on Sep. 25, 2007 and harvested on Jun. 14,
2008. Precipitation during the experiment is 187.4mm. For experiment made in 2008,
it is seeded on Oct. 7, 2008 and harvested on Jun. 15, 2009. Precipitation during the
experiment is 84.6mm. Seeding rate is 187.4kg/hm’ in 2008 and 2009. Seeding is
made mechanically with 25cm row spacing and approximately S5cm depth. Neutron
survey meter is used to observe soil moisture content at depth 0-180cm by layers,
20cm per layer. Measurement is made at seeding, wintering, regreening, jointing and
harvesting stages against each treatment. Generally, measurement is made once every
10 days before jointing and is conducted at the same time with dry weight
measurement after jointing. Additional measurement is made before irrigation and

after rainfall (daily precipitation more than 30mm).

3.2 Model Examination

Minimizing sum of absolute value of the error between simulated and measured
values of dry weight is used as the the objective function. For programming solution
to solve indexes of shoot-leaf growth equilibrium coefficient K, root-cap growth

equilibrium coefficient 4 and grain-shoot growth equilibrium coefficient K,



x,=0.3265, y,=0.1858, x,=0.0499, y,=0.01731, x;=-0.3675, y5=-0.5639 and solve
water and nutrient stressed coefficients 4=0.5695, ¢=0.5026 with dry weight of root,
shoot, leaf and seed measured by experiment made in winter wheat experimental field
at the west capmpus of Tianjin Agricultural University in 2008. Scatter plot of
simulated and measured values is drawed with 126 series data of 21 winter wheat
zones in 2009. Compared between simulated and measured values of dry weight of
root, shoot, leaf and seed in whole growth period of winter wheat is shown in figure
1~4 as medium water medium nutrient. Related coefficients are 0.9998, 0.8142, 0.898

and 0.8726 respectively. It is shown that simulation of organs of winter wheat is

reasonable.
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Fig.1 Comparison between simulated and measured value of root dry weight
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Fig.2 Comparison between simulated and measured value of shoot dry weight
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Fig.4 Comparison between simulated and measured value ot grain dry weight

4.Conclution

1.Where the time, amount of irrigation and fertilization, influence of photosynthate
distribution for the time and amount of irrigation and fertilization in the model of
photosynthate distribution are important for formulating controlled measures of the
irrigation and fertilization of the winter wheat. This improves the mechanism of the
crop growth model.

2.Where the calculation of the water and nutrient stressed coefficients with the power
function is simple and beneficial to analysis and calculation of the data of the field
experiment. It provides a theoretical basis on the reasonable farmland irrigation and

fertilization.
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