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1. INTRODUCTION

The formative developme-nt of the plant is extremely 1mportant tQ
the grower, as it determines to ‘what extent and durmg whlch period
of the year the crop is able to conve rt the ava.11ab1e sola.r energy into
photosVnthetlc products. . Hi J_J o o

The a.gronomlst 15 confréﬁi:ed w;nth the problem of d1l'cover1ng the
limits Wlth regard to productxon. cons1dered from tlie feetors whmh
“tan'bé a.ffected by hurnan agency. When analysing the productivity
of field crops one shou.ld 11ke to be mformed on both maximum and

-actualiproduction ‘per unit:ef sbil isurface. As availability of watér' is
under many conditions’® limiting factor for ‘broduction, special atten~
tion will be given to the effect of gii‘bfs'fdré'-éohﬂiti’bns on the dry

. matter production of a potats cFop! The' rElation between transpira- "
-tion and dry.mattér prédubt%én‘ g p&?r‘ticula.rly importa.nt with res-‘
-pect to-izrigation practice, .o T 0 v I

- »:uv Fhe economical value of the” proeiﬂet:bn is largely affected by the

distiribution of ithe produced dfy:mattér over {He various organs of
the plant. These parts of the plant,” which 'dré ¥ot'of economical’
interest are in a certain sense ballast, but a necess:t'y,' however, to
obtain good yields of the main product] ‘Inthis' respect some attention
will be.given toithe distribution of d¢y'matter ovér the various parts

R

of the plant for the potato crop.
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2, AVAILABLE DATA
Durmg a number of years sprmklmg 1rr1gat1on expe rlments ws.th
potatoes were pe rformed at the expe rimental farm of the Inst1tute.
A description of the available data conce rn1ng moi sture content,

irrigation frequency, crop development and transpn-atmn were e
o pubhshed in'an earher pa.per (ENDRODI and RIJTEMA, 1969)



During three years periodical harvests of the potato crop were present.
In particular these data will be used to test an approach to net photo-
synthesis of this crop, during the various stages of crop development,
The plant density was about 48, 000 plants per ha, The crop production was
calculated for the same periods as those which were used 1n the study on
transpiration (ENDRODI and RITTEMA, 1969). ‘
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3. PHOTOSYNTHESIS OF A POTATO CROP o
Quantitatively, the synthesis of compouhds'dfhsi- tha.n carbohydrate
 may be ignored during the growth of a field crop. ‘This means that dry
| matter production is’ mainly the re sult of net photosynthe sis. The
photosynthetu: process.consists of several processes and for the present

scus jon the following- rema.rks ’hakre to be made
814

3-TE photaaynthesxs 1s a photochermcal ?roce 8s assomated with the acti-

2 itwationof 11ght energy for the reducnon of Goz. This proceés is’
influented by hght ‘and not by COZ or temperature; . o rteo

b.:photosynthesis is affected by a diffusion process for the trahsport of
CO2 from the external air to the chloroplasts. The rateof the diffu-
sion process depends mainly on the CO concentration in thé exter-
.inal air and in the leaf mesophyll, as well ag on the various ¥e 'sistances
‘in-the various path-ways. nght can affect the diffusion rate only
indirectly through an mfluence on the stomatal diffusion resistance

(GAASTRA, 1959); ' e

.C.i ;photosynthesis is mﬂuenced?by indchermcal processes reducing -
GO, to carbohydrates.” ‘Thesé processes are strongly affedted by
temperature and not by light and COZ’ The efficiency of the bioche-
mical processes and the respiration rate of the plant, determzne m .

fact the internal C(]l2 concentration,

The partial processes are a.ffected in a d1fferent way by external con-
cht:lons. Each of these processes may 11m.1t the productmn rate upder..
f1eld cond1t10ns. 80 it:is necessary to take all the se factors m congidera-
tion when calculating dry miatter production. , ‘

Slnce light energy is-thie factor ¥hich can be determmed W].th the
greatestease and accurdcyy it is usef{ﬂ to ta.ke tlus varzable as the main

factor in a production function, while the other variables are used as

2
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correction factors.

For this reason the approach given by DE WIT (1965) of photosyn-
thesis of leaf canopies was used as basic term for the production
function. De Wit's approach is mainly based on solar radiation and
leaf distribution functions, For a set of standard conditions he calcu-
lated the daily photosynthetic rate for very clear days as well as for
overcast ones, assuming that the light intensity on overcast days is
0.2 times the corresponding value Hc on very clear days, The light
energy Hc is expressed in cal <:m“2 day“i for the range of 400 to
700 mp, Moreover, the external transport resistance r. was assumed
to be 0.5 sec cmd. The daily photosynthetic rate under De Wit's
standard conditions at 52° northern latitude is given in table 1.

Table 1. The daily totals of light on very clear days (H )in cal crn-zcla,y"1

(400 ~ 700 mp), the photosynthetic rate on very clear days (P )
and on overcast days (P )in kg CH, 0 ha” day 1 for 52 north

r, = 0.5 sec cm~

Date 15 15 15 15 15 15 15 45 15 15 15 15

Jan. Febr. March Apr. May June July Aug. Sept. Oct. Nov. Dec.

Hc 63 119 195 295 375 416 402 337 243 1514 84 52
Pc 131 209 299 404 485 526 512 446 350 247 157 114
P° 52 22 143 203 250 274 265 227 172 113 65 43

The daily production rate during each period was calculated,
following the procedure proposed by De Wit, as P=F P_ + (1-F)
Pc kg CHzO dr:n.},r-1 ha-i, in which F, the fraction of time that the sky
is clouded, is obtained from (H_ - H_). (0.8 H_)™'. H_is the mean
value of the radiation on clear days and Ha the actual mean value,
equalling 0.5 Hsh’ where Hsh is the global radiation, The production

calculated in this way will be considered as the potential production

(Ppot) '
The calculated potentialproduction is plcttedin fig. 1 versus the dry matter
production obtained from the periodical harvests of the frequently

irrigated potato fields in 1964 (variety Libertas), 1962 (variety
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Surprise)and 1964 (variety Surprise). -The potential production was
calculated starting from the day that the crop ¢dme' up, The curvés
for 1964 and 1962 coincide, but the 1964 ¢trve déviates continuously
from' thie other one. The main f‘ééfé’b'n of t}i’is"'-ﬁe'vi‘étieﬁ‘fni-g'ht be the
d1fference in the tempera.ture cbn”dﬁ:mns durmg the early stages of
growth, which was in 1964 aBout 3° cent1grade higher.

‘The calculation of the pot‘entlal productmn only holds for a crop
which complétely covers. the’ g0il. Partill sml cover results in a waste
-of light ‘available for ‘photosynithesi’s durﬁng the garly stages of growth,
The effect of soil cover on” pi:bductmn éan bé Elirminated by multiplying
the ‘caléulated potential production by the fraction’ of the surface area
| cbveréd By the plants 7 VT T

o iThe values of the poténtial produttion have 'to be corrected in rela-
tion t6 ‘the ‘effect of the various resistances in the diffusion path-way.
De Wit estimated the effect on photosynthesis of the exchange resistance

T, between the bulk air and the effective canopy surface. The data of

thie exchange resistance r‘_; and the production in kg CH20 h.a.'1 hr'i are

given in table 2. The relative production rate with respect to the pro- )
duction when r, = 0.5 sec t:rn"Sl is also Presented Assuming that the :
sum of the surface resmtance (! )and the mesophyll resistance (r' )
of the canopy equals under these conditions 4. 4 sec cm 1, than the
corresponding ratio of the total sum of res1stances with respect to

r. = 0.5 sec cm’ ~ is presented in the last column of this table.

Table 2. The external resistance T, the corresponding production rate,

the relative production rate and the ratio of the total resistances

r, " P 1 9 Relative | 0.5 + 4‘.4
seCc . ¢cm kg CH Oha™ hr production ' r, +4.4
0.25 42, 3 ‘ i.05 1.05
Y0050 ‘ 40,3 1. 00 1,00
1 00 . 37.4 . ... .. .0,93 0,91 -
1,50 34,4 o 0,85 0. 83

2.00 - 31,2 R 0 44 0.77"

¥

It appears from table 2 that the productmn ra.te a.t other values of the

externa.l tra.nsport res1sta.nce ra ean be apprommated as:

0.5 +4.4

P = r o +4.4 pot ()



It has been shown. (RITTEMA, 1965) that the surfa.ca resistance of .
some crops; with respect to transpiration equals to zero under condl-: _
tions of high light intensity and optimum water supply. As the dxffuslon v
coefficients of H O and CO, differ ccmsxderably, 1t is not necessanly a’
consequence . that for these crops the surface remstance 'for CO2 ‘diffus
sion also equals zero. When cons1der1ng the productmn calculated after
De Wit as the potential one, it mg:ludes that the given value of 4. 4 sec cm -1
gives a.minimum value of 'ihe sumn of i and r_ . In the further dlSCllSSlOn
this value-of 4,4. sec cm W:Lll be 1nd1ca.ted for convemence as rm, but
it must;be:kept in mind, that it par‘tly mcludes a stomatal term; ' -

For the potato crop under. cop,slderatlon it has been shown (ENDRODI
and RIJTEMA, 1969) that even under optxmum condltmns of water supply
the surface resistance for tra.nsp1rat10n is not equal to zero, mchcatmg

also a h1ghe\t;,@qz:_fa.ce‘ re s;g_ttan_cg j@lqe for COZ transpp;‘t. _Th_1s surface

resistance value-is calculated as:

S S IS

where, rs g the. surface res1stance for COz transport, DH o and DCO

the d}ffusmn coeff1c1ents of HZO and CO2 respectively and T, the ‘surffce
re smtam;e de;ermlned from the tra.nsp:.ra.uon data, ta.klng 1nt0 a.ccourt
only the 1lght dependmg term as well as the suctlon dependent term, a8
the soil cover term has been ehrmnated already -

The production rate can be e:.presse.d under the.e conditions by the

equation:
s ol

:"':;r".}, Co _ 0 5__1+ 4.4 i.‘t . o ‘;" l -
P_ r o trl+ 4.4 * Be Ppot | (3)

where B 1'5 ;:he fractlon of 5011 COVeTrs;.. L B

The efficiency of the- photosynthetm process and the resp1rat10n rate
determine the internal (3"'2)z concentration (BIERHUIZEN and SLATYER,
1964). The lower the minimum CO, concentration in the intercellular
space,. the more efficient: the plant is in photosynthesis.

De Wit assumed in his calculations that the internal ca.rbond10xyde
concentratmns COZ| equals zero, References presented by BIER-
HUIZEN and SLATYER (1964) show that this internal CO, concesit¥ation

2
might vary from 0 - 250 p. p. m., depend:.ng on pla.nt ‘species and

6'-E




temperature. The reduction in production, due to a smaller efficiency
can be given by the ratioc of the COz gradients. Under these conditions

the actual production (Pa) can be given as

- {col
P = 0.5 +4,4 300 Lcoa.iis P (4)
a_ra+r's+4.4 ’ 300 ¢ " pot

The dry matter production derived from the periodical harvests is
plotted in fig. 2 versus the calculated production according to equation
(3). The data give a linear relationship with a slope of 0. 68, showing
that the photosynthetic efficiency is less than agrees with the assump-
tions of De Wit. The result indicates that the mean internal CGD2 con-
centration is in the order of 95 p. p.m. It must be realized that this
mean internal value is determined by a very low value during day time
hours and a high value, due to respiration, during night time,

The deviation from linearity at the end of the growing season is
mainly due to the effect of the increasing number of dead leaves, which
do not participate in the photosynthetic process. This increasing num-
ber of dead leaves affects production in two ways., Firstly, it has as a
consequence that the intexrnal resistance of the canopy as a whole increa-
ses and secondly it causes a reduction in the photosynthetic efficiency
of the complete canopy, which might be also partly due to an increased
respiration rate.

Using the curves drawn at the end of the growing season, an estimate
has been made of both effects by means of an iterative procedure., The
estimated effect of dead leaves on the internal re sistance is presented in
fig. 3, showing an gradually increasing effect on the value of the inter-
nal canopy resistance. The effect of dead leaves on the photosynthetic
efficiency is given in fig. 4.

The calculated production of fields with a limited water supply must
agree with the results obtained from periodical harvests, when the
approach, given in equation (4), for the calculation of production is correct.
This approach has been tested for the less frequently irrigated fields
as well as for the field without irrigation and the results were compared
with the data derived from the periodical harvests in 1964, Due to the
reduction in transpiration (ENDRODI and RIJTTEMA, 1969) a large varia-

tion in the value of r; was present. Moreover, the distribution of the
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4.

number of dead leaves with time differed considerably from the corres~
ponding data of the frequently irrigated field. The comparison of the cal-
culated data with those obtained from periodical harvests is presented

in fig, 5. The data of the frequently irrigated field in 1964, 1962 and
1964 are also given. The agreement between the dry matter production
according to the periodical harvest and the calculated one is good, indi-
cating that a fair approach of the dry matter production of potatoes can
be obtained, even when moisture conditions are a limiting factor for

production.

TRANSPIRATION AND DRY MATTER PRODUCTION

The relation between transpiration and dry matter production is of
particular interest for irrigation practice, since the optimum irrigation
gifts with respect to the production can be determined from this relation,
The evaporation of intercepted precipitation, however, affects this
relation, as the evaporation (EI) due to precipitation reduces the trans-
piration rate. RIJTTEMA (1969) gives an approach to eliminate this effect,

using the expression:

L/
Br *E__-E, - ®

-E 5
wet I I) ( )

re

where i:rTe is the transpiration rate from the crop, when EI equals zero,
Ewet the evaporation rate when the crop surface is continuously wet
and Ere the calculated real evapotranspiration.

DE WIT(1958) concludes that, under the humid climatological condi-~
tions in the Netherlands, both production and transpiration are mainly
determined by the amount of radiation, so a linear relationship has to
be present between dry matter production and transpiration, as far as
no other factors become limiting for crop growth.

The relation between total dry matter production (P) and the values
of F..‘.l,i.e, derived from the transpiration data given by ENDRODI and
RIJTEMA (1969) is presented in fig, 6. The scatter in the data is very
large, which is partly due to the different climatic conditions, as welil
as partly due to existing differences between the various varieties.

It appeared from the discussion on the photosynthesis of the potato

crop, however, that the diffusion process highly affects the dry matter

10
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production. When considering the diffusion process as the limiting
factor for production it has been shown (BIERHUIZEN and SLATYER,
1965; RIJTEMA, 1966) that a linear relationship between the total dry
matter production and the ratio transpiration over mean vapour pres-
sure deficit (Ea - ea) can be expected, which is independent of the
climatic conditions. The relation between total dry matter production
and the transpiration - vapour pressure deficit ratio is presented in
fig. 7. The results in this figure show, that the scatter in the data in
fig. 6 is mainly due to differences in climatic conditions in the various
years.

The relation between dry matter production and the transpiration-
vapour pressure deficit ratio appears to be practically independent of
the potato variety used in the experiments 'during the various years.

The somewhat deviating results obtained from the irrigated fields
under the extreme dry conditions in 1959, can be mainly explained
by the procedure used for the determination of the mean suction in the
root zone of the crop (ENDRODI and RIJTEMA, 1969), Large amounts
of irrigation water were given a few days after soil sampling, while the
mean suction during the various balance periods was determined from
the soil sampling data. Due to this procedure the mean suction was
seriously overestimated, which resulted in an underéstimate of the real

transpiration rate.

DISTRIBUTION OF DRY MATTER

Though the total dry matter present at harvest gives a good indication
of the growing conditions, the farmer will be much more interested in
the yield of those parts' of the plant, which are of economical interest.
These yields, however, strongly depend on the dist:_ributi_on over the
various parts of the plant. The relation betﬁeen total dry matter -pro-
duction and the dry matter present in the potato tubers of the different
varieties is presented in fig. 8. The data presented in this figure were
obtained from periodical harvests, as well as from some other experi-
ments, concerning timing of irrigation, The relationship is a linear one
in the range of practical importance. S5mall differences between the

varieties might be present, but the scatter in the data is such, that

13
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the -relationship can be generalized for practical purposes. The scatter

'in the data of the variety Ackersegen, which were obtained from the

irrigation timing experiments, show that the moisture conditions in the
early stages of growth determine to a great extent the amount of dry
matter present in the canopy.

The relation between dry matter present in the tubers and the fresh

weight production of the tubers is presented in fig. 9. This relation is

different for the given varieties. The high level of dry matter production
of the variety Liberéas. which was obtained in these experiments, did not
result in a similar high level of fresh weight yield, but in an increased
dry matter conterif of the tubers. When determining the effect of trans-
piratiou on fresh weight yield, it will be clear from this figure that the
relation between dry matter production and fresh weight production
depends on the variety used.

It must be realized, however, when determining the effects of drought
on the potato yield, that the crop was grown either for industrial purposes
or for human consumption. In the first case the dry matter production
gives a better indication of drought damage, whereas the fresh weight

yield it does in the latter case.

CONCLUSIONS

The method for the calculation of photosynthesis of leaf canopies, as
proposed by De Wit, gives only a fair approach to the production of a
potato crop, when a modification is applied. This modification includes
the effect on photosynthesis of soil cover, the resistances in the CIC)2
diffusion path-way and the efficiency of the crop, with respect to respi-
ration.

The diffusion process affected the dry matter production highly, par-
ticularly at the end of the growing season, when the number of dead leaves
increased considerably.

The proposed modified method did also give a good approximation of the
actual dry matter production, when water supply was a limiting factor for
growth,

The relation between dry matter production and transpiration depends
on the climatological conditions during growth.

16




‘determined by the length of the growing. season.

"Thé linéat ‘félation between.dry matter production and the transpira-
tion '-"v&'pc'ou"r*prés‘sﬁré deficit ratio is independent of the climatological
conditions. Differences in variety didvnot affect this relationship.-

Differences in the maximum production of the varieties is mainly

For practical purposes a linéar 'relationship can be given between
total dry matter production:and dry mattér present in the tubers. This
relationship holds for different varietiées. ;. . - . - A

The relation between dry tmatter production and fresh weight yield
of the tubers depends on theivariety, . T

aldn

A discussion of the net photosynthesm of a pota.to crop was g1ven.

------ e

It appeared ta be possible. to calculate the lactual dry matter productmn.
even when water supply hmzted growth, using a mod1f1cat1on of the
procedure proposed by DE WIT (1965) .

The relation hetween tranaplratlon and dry matter productmn was

(

dependent on-the c11matolog1ca1 cond1t1ons durmg growth but not on
specific differences between the varieties usad in the expenments. B
The distribution of dry matter over the various parts of the plants

was . discussed,

17
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