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Abstract :

The authors congructed a snplified nodel of goringwheat ( Triticum aestivum L. ) carbon assmi-

lation and dry metter accumulation ( DMA) process which conssed of two independent variables, day length
(L) and totd daily radiation ( TDR) . Led water potentiad (¥) was incorporated into the snplified gronth
mode based on the assunption that both lignt use dficiency (@) and OO, conductance of asdmilation ( gc)
were depressed by water limitation. Fndly W was edimated from a regresson equation in which the indepen
dent variables were relative il water content in the upper 80 cm Ok g0) , ambient tenperature ( Ta) , vapor
pressure deficit (VPD) , the cumulative led water potertiad below thresoldsof - 1.5 MPa (W 15). Sme
goplications in research program of field experiment of atnmogphere-land surface processesin Heihe River regon
were teded. The dmulated data agreed well with the data observed at Linze oassin 1989 for various level s of
water supply and a Zhangye oadsin 1992 in the field. The analyds and Smulation usng the nodd denorr
drated that the snplified gronth nodel could describe very well the DMA process of oring wheet with and
without water limitation in the region of HEIFE (Heihe fidld experiment) .

Key words:

Much attention has been paid to the andyss o
wheat plant gronth dfected by various environmental fac-
tors'*~ ®!. Although there are limitations in usng stati i-
cal methods, Baier and Robertson'® sudied the relation
ship between environmental variables and productivity by
using regresson method. In the 1970s, ome researches
on oonplex mechanigic nodes describing plant growth
were undertaken!® . It seems, however , difficuit to as
*ss dearly the contribution of a ecified variable to
growth and productivity from a huge mechanigic nmodd
because of the too many arhitrary parameters and the amr
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bigwus variables. An intermediate goproach between the
regresson method and the conplex nmodds is the use of
snplified mechanigic nodds which define crop behavior
with a few conservative reationships. By usng such an
aoproach , Monteith and Soott!®! constructed a much snr
plified mechanidic nodd to dmulate the dfects of tenr
perature on lest area and canopy gructure and of Dlar ra
diation on gronth. The dmulation results were quite stis
factory. 9nce then ©me other ressarcherd® ™! do re-
ported the use of a dnplified mechanidic growth nodel
involving environmental variables such as tenperature and
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radiationfor Zea mays and Triticum aestivum , reective-
ly.

HEIFE (Hehe fidd experiment) is a Sno-Japanese
cooperational program on the atnogphere-land surface pro-
cesesin the Helhe River basn, Gansu, Chinafrom 1989
to 1993™! . After the approval of the HEIFE program,
both Chinese and Jgpanese Nationd Committees for World
Qimate Research Programme (WCRP) accepted as an
important program of WCRP because the HEIFE regon
oovers deserts, including Gbi desert, nountain and
oass. Inthis gecia arid regon , water shortage isone of
the nog inportant factors which limit crop growth and
yield formation. Therdfore, water budget and water re-
urce are the two nog inportant sulbprograms.

To vdidate the underganding of the quartitative re-
lationship between environmental factors, water shortage
in particuar , and ring wheat dry metter accumulation
(DMA) or/ and yidd formation in this arid regon, a
much snplified growth node consdering il water sa
tus, radiation and day length is proposed in this research.

1 Materialsand Methods

1.1 Fidd experiments

1.1.1 Experiment in 1989 Hedd experiments in
1989 were conducted during the growth seaon a Lirnze
Gooperative Research Sation , Lanzhou Inditute of Desert
Research, the Chinee Academy of Stiences, China
(100°29 E, 39°04 N, 1200 m above M. S.L.). Inthe
rorth of the experimenta fiedd is the Badgjilin Desert ,
and in outh of the experimental dte are Linze oass and
Qilian Mountain. The mean annud rairfal is 119 mm and
the other climatologica data have been gven by Huang
and Pul*4,

Soring wheat ( Triticum aestivum L.) cv. 3131”
seeds were sown on March 20, 1989, a a dendty of 49
g/m’, resulting in about 460 plants/ nf in a lysmeter
sydem which condged of 12 tanks containing loamy
sand , each with an area of 2.4 nf and a depth of 1 m.
The rates of fertilizer application were N 83. 79 kg/ hnf
and P 34. 12 kg/ hnf. There was enough potassium for
9ring wheat growth in the ill*!,

Before sawing , the average il noigure in the upper
20 cm depth was around 25 % which was albout 65 % of
thefield cgpacity for this type of wil. After emergence,
three irrigation levels were st , sufficient , nmoderate and
insuficient water supply. Each irrigation level was repli-
cated three times each with three tanks. The ocontrol of
irrigation for the three water treatments was done as de-
sribed by Zheng and Huang!™'. The actua total water

supply (including irrigation and rairfal) was 483 mm,
250 mm, and 183 mm for suficient , noderate and insuf-
ficient water supplies, regpectively , for the whole growth
seaon.

Due to the importance o flag ledf in light intercep-
tion, gas exchange, DMA and growth for spring wheat ,W
o flag lef was used as a parameter to indicate the datus
o whole plant , and was edimated by the following muiti-
ple regresson equation!™! :

W=a+albreo+a Tat s P15+ as VPD (1)
where a; to as are condants, T,isthe ambient tenperar
ture,W. 1 5 is the cumulative led water potentid below
thredoldsof - 1.5 MPa, VPD is the vgoor pressure
deficit , and B g g is the relative il water content in the
upper 80 cm expresed as the ratio between actud water
oontent and field capacity of the il. In the day between
il water measurement , 8 g g Was interpolated from the
value of measured O g g by usng Lagrange interpolation
method. The actual il water content was measured usng
sanples taken with an auger!®! on the day of biomass de-
termination. Dry and wet bulb temperatures were mea
sured concurrently with the measurement of lesf water po-
tentia by usng an apirated psychrometer a a height of
1.5 m above the il. VPD was caculaed from the ob-
srved data. Actud W was measured by the pressure
chamber method!*®! using model 2.4 plant water potenr
tid chamber (Research Laloratory of HAant Physiology ,
Lanzhou Universty) . Fve sanples were taken for each
measurement. The measurementsof biomass were taken at
interva of two hours from 6:00 am to 22:00 pm in the
day of harveding. Biomass was determined rancomly by
the diersed individuad plant method!™”! in the sapling
interva of 10 days. Radiation was measured by Moded
75F  portable radiometer. The data of day length (L)
was from Linze Meteorologica Observatory thet is 40 km
avay from the experimental ste.

1.1.2 Experiment in 1992 Hedd experiment in 1992
was carried out a Zhangye oads dation of HEIFE
(100°22 E, 3850 N, 1565 m alove M. S.L.). The
seeds of 9ring wheat were own on March 25, 1992 , at a
densty of 54.5 g/ nf resulting in about 500 plants/ nf.
Before swing, the average il noigure in the upper 20
cm depth was around 24 %. The actud total water supply
including rairfal and irrigation was 350 mm in the wihole
gronth seaon. 98.45 kgaof N, 40. 76 kg of P per hectare
were gpplied. The climatic factors such astota lar radi-
aion, T, and relative humidity were measured by V11
radiometer , DTSL2 tenperature senor and HMIP30u hu
midity senoor a MILOS 200 Autometic Weather Sation
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(Vaisa, Fnland) , repectivdly. VPD was caculated
from tenperature and relative humidity. The data of L
came from the HEIFE Meteorological Observatory thet is
only 100 m from the sanpling ste. Cther invedigations
and oonditions were the same as done in 1989 at Linze oa
s¢®l,

1.2 Modd desriptions

1.2.1 No water limitation Supposng that the growth
of wheat could be dnply represented as dry metter accu
mulation , it can be expresed as:

Wiy = Wiiopp +AW 2
where , Wiy and W(;. 1) are the totd dry metter of gring
whest a thetimed i and i - 1,A Wisthe increment of
dry matter fromtimedf i - 1to i. Therated increaseis

TV=(a- R (3

At istheinterva of time, A isthe rate of carbon asimi-
lation, Risthe rate of regiration. A lot of research on
regpiration demondrated that R was aways a a much low
er level than A8 ! Therdore, R was taken as a
ocongdant in our nodd for dnrplification.

Thornley e al!® expressed the regponse of carbon
assmilation by led to light intendty and carbon dioxide
ooncentration as the following :

_al (gC-B) @
al + g.C
where O isthe light use ficiency; | isthe light intend-
ty intercepted by lest surface; C is carbon dioxide conr
centration ; g.isthe overdl conductance of G0, ; B isthe
photoregpiration. Congdering the relationship between inr
tercepted light within the canopy (1) and light intendty
over the canopy (lo) for & closed caropy” , we define
l=l,e "™ (5)
LAl isthe led areaindex; Kisthe light extinction coe-
ficient for the canopy. For a day with length L , we can
write the tota assmilation in a day for ertire carmopy as
follows:
Ao=["[ A dhdt (6)

If the sep of integration is a day, the dry meatter
(DM) accumulated in a day could be caculated from
equation (3) . Led area expanded gradudly with DM ac-
cumulaing. In this snyplified nodd , a dnple linear
function was used to describe the relaion between LAl
and DM | i e.

LAl = aW + b (7
where, a and b are condants.
1.2.2 Water limitation Lamor!®! pointed out that
photosynthes swas limited by water sress through increase
in both gdomatal redgance and meophyll red gance to-
gether as the total resgance. In amother word, g in

equation (4) is gven by the vdue of somatd conduc
tance ( gs) plus mesophyll conductance ( gm) for QO;.
The rdationship between gm, gs and ledt water potentia
() could be written as the following :
On=¢) +d (8)
%=qe (9
where ¢, d, gand j are congants.

Boyer et al!?! observed that @ was depressed as W
was reduced in away described by the equation

TR
W-y°) +W"-yo)
whered , is the maximel light use eficiency ; P° andy"
are the values of ) where ' is goproximetely 0, and the
haf of o, , repectively.

Qubgituting g, usng equations (8) , (9) and (10)
into equation (4) , we can caculae the daily asimilation
o 9ring wheat canopy under weter limitation from equar
tion (3).

1.3 Parametersand congtants used in the mode

Tables 1 and 2 gve the vadues of ome parameters
and oondants used in this dnplified nodd for ring
wheat growth.

o =0, (10)

Tablel Thevaduesd severa parameters and condants used in the
snplified modd

Parameters Values
a (Mg GO,/ J) 0.011
B g oS s 0.17
Y°(MPa) -0.1
W"(MPa) - 1.5
a (m? g 0.0102
b (m% m?) 0.071
¢ (cm/ ¥ MPa) - 0.1565
d (v 9 0.36
j (MPa™ Y - 1.624
q (e 9 0.1868
R (¢ d/ m?) 8.5

*Part of the data are from Charles Edwards!™®!.

Table 2 The vduesd congantsin regresson equation of P and its
R

Brperimental a @ a & & R se "
ste MPa _ %MPa MPa - IMPa  Kpa-!

Lirgeoads, 1989 1.36 - 0.70 - 0.021 0.016 - 0.030 0.90 0.13

Zhangye oasis 1992 1.35 - 0.72 - 0.018 0.016 - 0.028 0.94  0.10

s.e. , the data are based on 216 observations in 1989 in Linze oass and 144
observations in 1992 in Zhangye oass.

2 Resultsand Discussion

2.1 Influence of initial weight o DM on DMA

A oomputer experiment was firgly carried out about
the dfect of initia weight of DM on groath usng the S
plified gronth modd . In the experiments, ome variables
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were assumed to be condants, i.e. , daily tota radiation
(DTR), L and W were given as 15 M)/ nf, 12 h and
- 1.5 MPa, regectivdy. The independent variable was
the initiadl weight of DM that varied from 0.5 g/ n to 500
o n?. The smulation days used in the snplified model
were relative days and the total period of experiment was
80 d. The results showed that DMA was irfluenced re-
markably by the vaue of initid weight of DM (Fg. 1) .
The accumulating rate of DM was very svdl at the begn
ning of dmulation & an initid weight of DM in 0. 5
o nt. On the contrary , the accumulation rate of DM gp-
peared adnog linear at the begnning of smulation for ini-
tia weight of DM in 500 g/ m’. One can say that the re-
sultsof conputer experiment shown in FHg. 1 gave a very
good agreement with the read growth processes of ring
wheat , egpecialy under the condition of low initial weight

o DM.
4000 -
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< 3200
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2 2800
€ 2400
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2 1600
-

= 1200

0 15 30 45 60 75 90
Simulation day (d)
Fig.1. Hfectsd initid weight of dry matter on Smulated tota dry
metter accumulaion by the snplified nodd .
Spposed lest water potential = - 1.5 MPa, day lengh =12 h,
total daily radiation = 15 MJ/ nf.

4400
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23800
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Fig.2. Hfectsdf ledf water potentid on smulaed totd dry matter
accumul ation by the gnmplified nmodd .
SQupposed initiad weight of dry matter =100 ¢/ nf , day lengh =10
h, totd daily radiation =10 MJ/ nf.

2.2 Influence o ¥ on DMA

Another conputer experiment was run to eval uate the
efectof W on DMA (Fg.2). Inthiscase, TDR, L
and initid weight of DM were given as 10 MJ/ nf, 10 h
and 100 ¢/ nf, reectively. The independent variable
wasonly W that varied from - 0.1 MPato - 4.0 MPa.
At high water gatus (W = - 0.1 MPa) , smulated tota
DM oould reach more than 4 000 ¢/ nf a the end of simr
ulation. Much lower values of total DM were obtained for
the other four led weater datus levels. Less than 1 000
g/ nt of the totd DM was obtained under the driest con-
ditionused,i.e. ,aW¥ o - 4.0MPa.

2.3 Egimation o Y

The dmulation of W has been developed in severd
large scdle node's involving plant trangpiration or water
balance!??! . Urfortunately , Some parameters in nost of
the nodd s were not readily available.

Richter!®! once gave a review on the relationships
between W and hiotic, ronbiotic factors. Saranga et
al ™! developed a very snple equation for calculating W
of ootton plant under field conditions. The aim of our
gudy was to edablish a snplified caculation of wheat W
based on multiple regresson method usng few dfecting
factors and then incorporated the caculated W |, the nogt
important intermediate variable, into the find dnmplified
groanth nmodd .

The high variahility of ¥ was explained as the rda
tive il water contert in the upper layer™!. Only a smdll
variahility of W was due to the variations of VPD, T,
and the higory of dress of the crop represented by
Y. 15. The dnplified equation for predicting W was
found to be:

W=a+abrpta Tat asWe 15+ as VPD

Table 2 gves the values of congants in the multiple
regresson equation used for prediction a the two experi-
mental dtes in different years. The differences in values
of congants between the two experimentd  dtes were very
gmdl. InLinzeoass, the R was 0. 90 and s. e. of the
predicted W was 0.13. And the RZ and s.e. in Zhangye
oadswas 0. 94 and 0. 10 regectively.

The gpplicahility of the multiple regresdon equation
to the prediction of W was validated by usng data from
the three il water regmes in the Linze oas's experi ment
(Fig. 3). A oonparison between the caculated and the
measured W reveded a good corregpondence.  This indi-
cated that the snplified predicting equation for ¥ based
on the data of climatic , plant and il variables could be
used in the subsequent condruction of the growth nodel
inolving ¥ .
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by Scholander method and muitiple regresson method , regpectively. 2 800
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£ 5600 6
2.4 Applications S sk
In practice , the dnplified gronth modd is used firg 3 2000 |
to caculate the vdue of Y. SQuch caculation is based on E 3200
2 R
the regresson equation of P on T, VPD, B g and the & 2400
plant gress index W, ;5. Then DMA was edimated by 0
usng the vdues f W, L and TDR. The snmplified 0
gomh modd was used in the resarch program of 800 W
HEIFE. The measured initid DM was firgly inputted 5608 _ ' '
when the nodel was run. The outputs of the nodel were 1800 F A
rather close to the measured data (Fig.4) . The deviation 2000 F
of dmulated data from measured data dter day 60 may 3900 b

due ot only to the error of measurement for biomass itself
but a9 to the valuesdof ome parameters used in the nod
e. And furthernore, this can be explained by the use of
the linear relaion in the dnplified nodd between LAl
and the weight of DM. In 1989 at Linze oass, the mear
sured data gave a maximal biomass production as 4 kg/ nf
for suficient water supply , and only 0.9 kg/ nf for insuf-
ficient water supply. W variedfrom - 1.5MPato - 2.5
MPafor these two water regmes on nog days of smula
tion. The dnplified modd oould describe satidactorily
the gronth of goring wheat at various levels of water sup-
ply. It could be sen from the results of Smulation that
even the much dgnplified nodd ocould smulate the red
process of DMA for goring wheat.

In concluson , the snplifications used in the model
are reanable and acceptable. It can be used to Smulate
Pring whest gronth with and without water limitation.
Further modification of the nodel should be aimed a the
recalculation of regiration and LAI.

2400
1600
800

0

100 110 120

50 60 70 80 90
Days from sowing (d)

Qonparion of measured data (0) and Smuaed daa

(o) fromthe dnplified modd .

A, Zhangye cassin 1992, fiedd; B, Linze oadsin 1989, inaffi

cient water supply ; C, Linze oadsin 1989 , noderate water supply ;

D, Linze oassin 1989, suficient water supply.

30 40

Fig. 4.
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