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PI-lOTOSYNTHESIS CROP SURFA 

C. T. DE \VJT 

I tt-;tituk for Biological and Chemical HPsearch ott Field Crops 
and Herbage. \ Vageningen, Hollaud 

SF:--f\IAlW 

A lurmnla is arrived at fur tlw cakul.ttion ol tiH: photosynthesi~ of a closf'd crop surface, 

it !wing assumed tltal tlw J,·;t\ l'' of a crup .\ttd:tct· arc arr<llll1;t"d withtilll an:-· prdt'rt->nce 

a.\ to din:dio11. and lltal tltc pltotm\ JJtlw-,ls ('l\r\ t' of \inLJ;It· leaves 1nay lw reprcst'ntecl h) 
a SilnpJe "BL\1 1~\IA:\., t'tlr\'f'. 

The l'Umsc of plto!os\ ntlte'iJS dming tlH· (Ll\ is ('ctlcnLtkd h, nw;uts of this formula. 
Tlw potr•Jtli;tl_,photrh\ ntltt•sis of a cr'>P "mfact· in 1111' .\'dhcrland-, appt·ars tn ,.,H)' hom 
about 290 kg Cl 1:.!0 !ta-l d;l\·-1 Ill Junl· to <lbont .')() kg ha-l dct) -1 itt Dt'l'l'llll)('r. 

Actual photo~\ 11thcsis i, lll\\ cT lnc.tllsc di,silllilation has to he suhtrclctnl a closed crop 
surfacl' assimilating at its lull leaf capacil)' j, not obtained in Ill<~ll\' cases, translocation 

uf ~ugars ma~ b,· a linJitinLJ; l.tL:Im, ancl till' L'<ll-)H,n dioxide L'Uutellt of tilL' atmosphere tnay 
be less tkm the normal 0.03 

lNTHODUCTION 

The relation hetweeu the photosvntltesis rate oJ ]paves aud the light inten­
sity at nomwl carhon dioxide cunn'utratiuus of tltc air (0.0.3 ~'f) has been deter­
mined by seVtTal investigators (TIJO\IAS and llrLL, ] 9.50; HoEIINIG and Bunl\'­
smE, 19.56. C.\AS tHA, 19.58). The present author (DE \Vrr, HJ.S8) has collected 
t'viclenct" to show that \\·ithitt the normal temperature range this relation is 
largely unaHccted b: lcmpt'r~llurc :lltd i<> substantiallv tlw same lor several 
agricnlt1tral crops. Tlte photosynthesis ol a crop surface depends not onh 011 

the photosynthesi-; curve oJ the lean's hut also on the position of the leaves 
with respect to the direction of the incident light. the direct and diffuse 
light intensit\·, the mutual shading of the leaves, tlw soil coverage and the 
carbon dioxidt' coutent of the atmosphere. 
, \ Vhen estimating the photosynthesis 1 1l nop surfaces it i-; sometime.'> assunwd 
that such a surface consi'lts ol' several la~ers uf horizontallv arranged leaves. 
or that the light (")t the sun is e\·enly distributed over the foliage of the crop 
surface (GAASTHA., 19.58). Tlw photos:·nthesis of crop surfaces is underestimated 
i11 the first and uverestitnakcl iu the second case. 

Tlw present author based certaill calculations on the hypoth('sis that the 
leaves of a crop surface are so arrauged that there is no preference as to 
direction. Some results of these calculations were gi\·erl in a previous paper 
(DE \·VIT, 1958). \IAKKINK (1Y.S9, in press) compared these results of calculations 
with actual ~·ic,ld data and shO\vnl that the present method was a good basis 
for comparing yield data. The basic hypothesis, mathematical treatment aud 
some results relating to tl!e Netherlands ~He gi\·en here. 

THE l'l!OTOSYNTHESTS CURVE 

The relation between the photosynthesis rate of a sngar beet leaf ~md the 
iJJcident light intensitv as determined b\ GAASTnA ( 1958) is shown b\·, c11rve a 
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A : Sugar 1 wd l< ,t\ cs 'C \ \STIU, Hf5H). 
B : A\'cragc fur ka\ <''> of c~t..,tor lwa11. \tlllflo\\ <'I' \<J\ h .. 111~ tOIILtlo. loha< l'U. c·otl\)Jt 

and bt·an (BoEII'\J<. ~tlld Jh'H:--smE, J }J."ili). 

itt figure 1 A. The plwtoc.;_vlltlwsis rak i.'> c·xprt''>S<·,I 111 g Cll:,:O ctll-~ SL'l'- 1 at1d 

the light iutemit:· iu erg ern-' sc·c- 1 within the r~wgL' -t00---/00 111 ''· Tlte a\·c·r~tg<' 
rebtion between the· photos: tJtlwc;is rak of seven agricultmaJ atJd horticultural 
('l'<Jj!S and the incident light itlten-,ity of \lazda ckdric flood lamps as dettT­
tnitled hy BoFilNtr. :tnd Bt'll'lSmE (HJ:)6) is slwwtl 1)\ cun·c a in ligme 1 H. 
The photos:·nthesis rate is ctgain expressed it1 g Cll:,:O cm·2 wc- 1 c!ltd the ligltt 
i11tensity in foot-caurllcs; an :wxilian· scale L~i~ t'S the estirllatcd light inten..,it; 
itl erg em<~ sec· 1 . Thl' pl]()tosvnllwsis rates ill figure l B are C'()JT<'~'lL'cl lm dis­
similation which was to11nd to lw abo11t LS 'i of the s,1tmatim1 \ alue. Tlw 
original article showed that tl1e phot<JS\'tttlwsis of the i11dividual spec·iL'S dnt'.'i 

not c.lifler bv tllorc tha11 15 '/ ul the satnratio11 value 011 either side of the 
a\·erage curve. 

CAASTIL-\'s data :1.n· also smnotlwd in tigme 1 A. ])\ the t·xpwssl.v simplilied 
curve h (a BLACK:\L\0; L'llrVe) cotJsistin,L( ol t\\'o 'ilrait_(]Jt lines: the S<ttlw L'lirve 
j.., '->ho\VJI i11 ligmc l B i11 order to dcJIHnlstrak that the pholosyntlJL'Sis <tS 

detcrmiucd hv CAASTIU on <111<' lw11d and Bm:Jt:\JC all(l lhH"'SI!lE o11 tlj(' ()ther 
do !lot greatl)r differ. 

The saturatiotl rate is lot,nHl to lH' !./·1()-8 g Cl 1:,:0 <·111-:• .'lt'c- 1 <!lld i..; IT<tclwd 
at <ltl incident light int<'ll>.it\ of S . .S·l04 erg < lll-2 st'('- 1 cr a11 ahsorlw! ligltt 
it1tensit) ol allDnt , ·104 t·rg cm-2 w<· 1. HeJJU' illSid<' tlw r<lll~l' i11 which ligltt 

ti ·J0-8 

is a limitin.~ !'actor_ rJ., ·l0-13 t_( Cll:_:() ic; lnl'lll<'d l<1r each ('rg 
I . J(}4 

:thsorlwd h\ tltt' kat inside the nmgc -1:00-~0U 111 /'· 

The aLHl\··e sirnplifil'c! relation h·.·tweeu photos\'JJtlwsic; .tilcl light rlltt'tJsitv is 
used itt thi"i paper as a ~;tamlard photos:·nthesis 1 11n L' (It lt·:t\ es. It is ;tp­
prl'ci<lted that there art· plaitt species, <'.g. "slwdt· plants'- I r 1r wl1ich tlw phrlto­
svnthesis t'Jil'\ <' differs so greatlv front thi.-; standard ('til\(' tltai <111\ 'llllllWric:tl 
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calculatiom bast'd thereon arc of 110 value. Tlw mathematical treatment is, 
however. presented in .'inch a wa\· that similar calculations can he rnaclc nsing 
other ctl!Tes as a ])asis. 

EsTI\IATr\fC POTFYJTAL Pl!OTOSY:\TIIFSIS 

Besides tht· photos_vnthcsis l'ltr\'(' of single lean's, the phntos_vnthesic; of crop 
surfaces depends ott th(· pusition of the lc;ln's with rC'ijWCt to the horizontal 
smface, the position of the Sllll. the anwunt of cloJl(l and tlw carbon dioxide 
content of the atmosphere . 

. \ssuming the photos:·,,t]wsis l'llr\'c of single leaves t<J lw a.'i in figure l, 
curve h. it i~ possible to estimate the portion of incoming light \vhich is 
neither reflected nor ahsorlwcl hy leaves alreadv at th<·ir saturation light inten­
sit_'. This portion is repr('sentccl hv the svml)()] ,. and expn·<.:snl i11 erg crn- 2 sec- 1. 

T() obtain the potential a'>similatiou rak in .'!, Cl 1::0 cm- 2 sec- 1 of a l·lnsed 
crop '>Urian>, represented b:· the syrnhol r1

1
, , tlj(' \aim· of ,. in erg ctn-2 sec- 1 

should lw nmltiplied 1)\' th(' \·;due G./ ·Io-n .~ CII::O ng-1 i.e. the gradient 
of the straight line through the origin i11 fig11n· l. 

:\ctual assimilation is always lm\Tr tha11 this potential assimilation became 
dissimilation has to he .Silbtracted. ~fore'()\'er, ttlldPr lield condition'> a part nf 
the light mav lw <ll><.;orlwcl h\· the hare soil or l>:· l('~t\·es which owing to 
watPr shortage, low mineral level. s11hnormal carbon dioxidv concentrations. 
<1ge. etc., are unable to as.->imilate at their 11nrmal rate'. 

The intensit:· of the direct sunlight. diH11se skylight and tlw \11111 of both 
are denoted b:· th~ sym hols h, , h,, awl h respcctivelv. These valnC:'s are again 
expressed in erg cm-2 sec-1 ; only the light eiJI'rgy inside the ra11ge .HJo-'i·oo m u 

is considered. The values of h. , h r1 , h, r and a
1
, i11tegrated over the whole 

day are denoted by tllP capitals !l , H,1 , ll, R, and ./\1, and exprc~sed in 
erg cm-2 clay-1, respectin-'1}' kg CH::O ha-1 dav-1. 

Jn order to simplify the calculations required for estimating r tlw following 
assumption" are made: 

a A saturation valne h1 exists of the absorbed light intensitv. Below this 
valnc assimilatio11 is assumed to he proportionat.e to the ahsorlwcl light 
intensit.v and above this value independent of the light intensit:· (figure L 
curve b). 

h The reflection coefficient { ~~ ) and the transmission coefficient ( 1) of the 
leaves are independent of tlw direction of the incoming Jight. Tn sub­
sequent calculatious both are assunwcl to he equal to 0.1 (d . .\Joss and 
Loo~ns, 1952). 

c There is no preferTPd clirPctiun in the arrangement of the le~1\'PS. This 
h: pothesis is possibly not \'Pl'_'l wide of the mark. considering the constanth 
chan,ging position of the sun and leaf fl11ttering dne to wind. At any rate 
it is a great imprm·<'Inf'nt on the h:'pothesis that a crop snrface consists 
of horizontalh· arranged leaves. or that the light is even]\' clistrihntec1 over 
the whole le~f <;urfacP. 

cl Tlw crop surbce is so dense that onlv a negligible amonnt of light reaches 
the soil. This is the definition of a closed crop s11rface mccl in this paper. 

At Hrst it is also assnnwd tlwt there is onl:· clirec·t light 'from the s1m, i.e. 
that h ,1 = 0. Let l1 1' lw the light intensity from the sun rneasurecl at 
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r' 

right-angles to the rays of the sun. ;J the height of the sun above the horizon, 
0 the leaf surface per unit soil surface directly exposed to the rays of the 
sun. and I( the angle between a particular leaf and the rays of the sun. 

The projection of 0 in the clir<'ction of the ravs of the sun is then 

/0 

/
·'· ~ 0 

sin u cl u 
'0 

(l I I:_, 

0 
_--,/2 

awl on the otlwr hand equal to the projection of the unit soil surface in the 
direction of th<' ra,·s ()f the stm, or sin j1 times the unit soil, surface, so that 

0 .! ' • 
Sill /f 

2 

I Ieiwe tl1P surface of the direct!; exposed lea,·es making an angle of between 
11 and I( d u with the ran \of the sun is sin 1; cl u and the projection of 
this surface in tlw direction of th<' rays of the still sm ;f sin rt cl u. 

h; 
Leaves lm which 11 is betwee!l ,12 and arcsin 

7) h(f! 
- arcsin s' 

(1- ~ 

(with s' I arc -;aturatPrl with light. Tlte portion of light 
(1- ~~- T) ~~, 

absorbed hY these lca,·es 1s 

.7/2 
(1- ~~- T) fl, ( -;in 1: sin u d ,, u -7) h' sin /f 1 1 - s' ~ 

,, -~ arcsi11 s' 

The portion of this light C()ntrilillting to assimilatioiJ Is 

.7/2 
hi j si11 17 d 't -- ;, sin 1; 

u aresi n s' 

- arcsin s') 
2 

(l) 

(2) 

The portion of light ahsorlwd h,· these saturated leaves hnt not contributing 
to assimilation is the diHPrence between and (l). 

Apart from rdlectiorL all other radiation is either ahsorl1ed hv lean:'S ex­
posed to direct sunlight but not saturated \Vith light, or bv lea\·es in the 

shade of other leaves. Since h 1 is about 7 · l 04, h .· 1' not more than 46 · 104 

Prg cm-2 sec:- 1 and the transmis<>ion coefficient (r) below 7/46 =-= r()J,S for the 

lean's of most plant sp,ecies, these shaded lt·an's are never saturated with light. 
The light intensity r' coittrihutin,g to a.'>silllilation is tlwrefore 

I rf' 
(1- u) l. ru 

I 

and si11ce h, I' 

() I /i J J 
\ 

(} h 1' s j l1 If I ] s' ::.' - h 1 sin ;f 

and lz 1 sill 1f 

(] - T) [ j s' 2 

d - (I T) h I I' s. 

·' . I - arcsin s') ]
1 2 

.'/ I 

·' arcsm s')) 



with s -
lz 1 \Ill 1/ 

(1- ~i-T)h 

The diHusc· radi:1tion is nut taken inb> accottllt in the abO\'E' treatment. The 
inlen:.ih of diffns(' skvlight measnrecl on a horizontal surface is lwlow I ·104 

erg cnr" sec1 and. C\l't'j)t lor reflection, this light contributes fulh· to assimi­
lation under condiliOIIS in which direct light is absent. 

The cnntrilmtioll of direct sunlight ma:; now be superimposed on the con­
tribution of diffuse sk\ light. The light intemity r contrihnting to assimilation 
in the presence of diffuse sk:·ilight is lound to he with some ~tpprnxiiltatioii: 

with 

.) 

'' . I 1 I 
(1-TJ [11-s:! 

:2 
r.1-o -- r\ h 

.I 

.t I 
s 1 -- arcsin s)) 

1
) 

:2 

I! 

.r 
~~ -- rl hrl in s· i:. chlt' to the received cliHnse light~ the The fractio11 1 J 

factor 2.1.1 i.s due to the as.c;umption that the diffuse light is e\·enl:· clistribnted 
ovn a leal surface which is equal to the surfac·e ,·isihlc lrom a vertical 
direction. The potential assilllilation ll

1
, in g CI-1:20 l'llJ- 2 s<·c-1 n1a:' lJO\\' lw 

calculatPd h:: multiplying the ahfwe value of r) expressed in erg cm-2 sf'c- 1 

, lw the consLIJJt 0.1 ·10-13 g Cl-1:!0 erg- 1 . 

l)OTE\'TIAJ, I'IIOT< )SYi\TIIFSJS 0'\ I'FHFFCTLY CI .1·>\H DAYS 

Table J sho\\'s the light intensit~' of the su11 on da\'S without clo1Hb and 
dust and with m1h JIJ Inm precipitable water in the atrno:-,phere. The data 
are found lw lllt'am of tables 1.'37 and 149 of the \h:TEOHOIOCJC \L CJ ABU'S (H),51 ). 
assJJming 40 r, ol the energv to lw inside the range -±00--70() Ill .11. Th<" ind<'x 

Tahlt· 1 lnlt'liSit\ uf toLd 1h 1. dir,·cl 1/1, ~ll1cl diffm<' l1ght ih, imide tlj(' rang<' '100-
700 111 11 011 .t ]Wrh-ctl~ clt·ar dav .ll difb·rt'lJl !wight-; of thc sun 11/ del.(rc·e<, I 

ancl til<' \';tlilt' Of I (',dc·tdated from C'<j1l.tti011 (.!), t'\])l't''\t'ci In 1 ()5 t•rg cm-2 S<'l'-1 

;J u h, II, hr/ 

]() IJ.70 0.:)~) 0 .. 11 0.1.'5 
:2() 1. L2 1.06 (),.;(i 11.70 
j() :216 1.7·! 0.-1:2 0.9:?. 
1ll 2.86 2.:)q 0. 17 1.1:2 

,")() l -!S :?..9.5 ()}):) 1.:2(-) 
()() .UJ7 .'3.-11 0 .. '56 1 .,~ 

,•)/ 

/() 1.)4 ;) 76 0.5,1) l . .:JJi 
,\)() I -,, 

t,J·) .).92 O.fil 1.-J,') 
~)() 4 .. '5S .3.D7 0.61 l. lS 

---

1· ot h i1l(licates that tlw.-;c \·alues only apply to elm's with pcrft .. cth <·lear 
skies. The hactiolls h and h 1 i11 the tahlt· are l''>timatt·d h\ mcaJls (>f lahl(· 
>:llSJ of tlw P!!YSIL\r" 1.\llU.s (1\-J:So). \'alucs of r (r· again de110ting pcrlectl: 
clear skies), calculated b~· means of formula (-±) <ll1cl the asslllllptions that 
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h 1 -- 7 ·104 erg cm- 2 .-;ec- 1, ~~ - 0.1 and T O.L are also given. 
The \·:dues ~>t h and r. duri11g the comse of the eLl\ on. for instance. 

ht Jn11e in latittidc .)2 ;\I (the :\'etherlands) are estimated as lollows. The 
]wight of the Silll at each filii hom is ohtainc·rl fnlln tahle 170 of the \fFTEOHo-

1 oCJCAI TABI.ES iHJ.Sl) m a similar nomogram. The ,·,dues ot It, and r, are 

theu read lnm1 graph.'> \\'ith the height ol tlw Sill! alollg the horizontal axis 
and h or r alo;1g tlw \'ertical ~nis (tahl(' ] 1 aud plotted agaii!St the tiJJw of 
the da\· as i11 fignre 2. Jn this tigm<' the St'al('\ ol !1. and r are such that 
the In[~ximum noon values are the sa]})c. 

It is found that there is 110 value ol It, lwvond which r does not increase 
with incrcasi11g It . Snch a valw· cannot ('\ist hecamc the portion ot leaves 
of a pla11l co\·er exposr·d to direct sunlight imTP:1sr·s \\·ith increa-;i11g height 
of the sun. In the casE' of single plants, tlie portion of leaves exposed to direct 
stllllight is nwch less dependent 011 th(' l1eight ol thL' Sllll. llenct' the curve 
of r, against tinw of the cla\' is loiiiHI to lw much fL1tter lm ~ingle plants 
than for crop covers. This striking diffcrenc(' \\·as to111Hl C'\)Wrimentalh (d. 
DF \•VIT. 1958). 

1 June 52° N. L 105 

105 1 6 sec 

t /~~ c 

/ \ 
12 I \\ 

/ \ 
I \ 

I \ 
he-·- I \ I 

I \ 0 B 
I \ 

I 
I 

I 
I 

I 
I 0 I, 

I 
I 

I 
I 

I 
l__L _L ___l_ 

10 12 14 16 18 20 hr 

solar t1me 

FIG. 2 \'\Ill.\ Ill /i A:'\D I (1\ \ 1'1 •: Fl II\ (II \1: IJ\\ ()\ [-;( Jt'\E \I I \IIIUDI·: 32'-'. 

l_'mn·.'> .'>lmibr to thos!' i11 h~tiH' 2 were calC'11lated for the first nf each 
lllOllth ;It latitl!dc .)2 a11d then llUlllericalh· i11kgratcd. The integratt>cl 
values. ll and R, , are 1'\prt·ssed in erg crn-L da:- 1. 

The relatinu lwtwee11 H. and tlw time of tlw \Tar is shown in figure :3 .\ 
and that lwtween H. :md the time Ill the \'rJ:tr in figure ,')B. Botl1 curvt·s 

relate to ]WJ'I(·ctl; clear da: s and then·fon.' represent the m~t.\imum values 
to be round. 

HEESTi\CK <111d IlL \'mrs (1D42) calcnlat('d lmrn radwtion measurements the 
total clail:· radiati!lll to he found r•n da)'S on which tl1e relative sunshine per­
centage. as measmcd h.,. the C-\\IPBELL-STOKLS rc~(·onlcr, is 100, percent. The 
maximum daih amount of light (Q) as ('a leu late( I from their data is sh0\\'11 

116 



A 8 

16 f 

12 

·~ 
--4-- I 

-t- - t 

F H A M A 0 D M A M A 5 0 N D 

,.~It::) \'_·\l.IJE'i ())-II 'IILCI\1· :\' \'-.IJ H, :FICl 1 HE 13: /H'I\1'\C !liE (l)llH'-.F ill· 11/E Y~:\11 

\ I 1.\ II l'U LJ E .') :2 
<) i-, tl~c dail\' ligltl luLd 111 tlw :\, tlwrla11d~ prm idt·d tht• rclati\ ,. \lltbltint· P' r­
Cl'lilagc· i\ IUO pt;!CI'lll. 

1)\ the dotted c11n <' in ligm(· ,j A and in th(' ,\;t>thcrlati(J:., i<; hJtlllll t<l 

l.) '{ l()\Ver tha11 tiit' nia\iillUlll tu lw e\pedetl Ott perfectlv clc:·;tr days 
110 transparent clouds. de.). 

he about 
(no dust. 

Tlw potential phot()s: ntlwsis 1111 <t pvrfl'cth clear da\ i1.1 jtiiic' is 
.'5.:5 · 109 erg cn1-2 sc·t -J h.7 · J0- 13 g Cli~O l'rg-1 l·oc: c1~1 2 ha-l 

appareutl: 
l()-:3 k\) 

n 
g 1 == :370 kg CII~O ],a- 1 tLt_'- 1 <llttl (tJI <t p1·;·recth clear da,· 111 Dl•cembl'r 
(i7 kg ha- 1 day-1. · 

TilE 1!\FJ.l'L:\C:F <IF CUiliJS 

To account for th1· efkd ul cl()uds it i.s asstlllled that \\her<' tilt· tlail,· total 
of light is rt·duc<'(i !11 \ ll, r l1·ss tltc\tt tlllt·l. 11 (t}w dilrl!Sl' light) lt'IJlaiJts 

the sallle l)llt direct light j.., n·d11cl'd t<J // - i 1 - r) II, This i'> certaillh 
Jtut the case witlt m t'ITast .-;]..:.ies. but ltllll("l' sucl1 cOitditiom th1· \ <tlllc ,,t s i11 

<'quatioJt Hl is close tn Ollr' at1d ~111.V asstlmplion \\·ill du. 
B: SIIhstitJJtillg actual \·ahH'\ i11 t•qti;tliun r-!) it is lollwl that irrespective 

()I date and latitud<· lh·lm\· ()() tlw n·lalitJll between !! and H is tairh· well 
represented hy cmvt· a in I I~un· -1 \\ hiC'l1 shmv'> tlw relatio1t hetween 1 I and 
H expresst·d .ts fractiotl'> ol //, ami /1 llmn'\t'L this <'stimatl' of H 1>11 cloud\· 
da:·s tends to lw tuo higlt rt\\'ill~ to the 11'>1' ul lig!tt inteusit\· 'al11C's inkgratt·d 
()Vt'r Olll' da\ ()J' lllUJ'l'. 

Anutlwr a.S\lllllplitlll i-. lll;tl JWlilti '" ul lni~ltt \llll'lhinc al!crnatl' with r)l'rirJds 

ol overcast skies. J)11ri11~ lill' lm.~ltt jJ;·riods tlw a\tTa<J;(' light inteur.;it\ is 
about O.k5 ti11WS tltc iltlt'II\Jf\' \\'ill1 perlt·< th clear ski<''> a11:! during the pcri()(h 
with <J\ercast skies aho11t (),:3 O.S.) 0.:2.5 lintt'\ thl' iJilellSit\ witlt perfl'cth 
clear skies (d. JiFI Si\C~ aJtd IlL \'HII S 11<)~:2) (or tJw llllllHorit·n] \'<tlllt' 0.'1). 011 

this ;1.\SlllllptiOil t}lt' n·Ja!iOii lH·I\\t'l'll }/ fi l a11d n J\ -l is J'f'j)!'{'SL'lllt'd lw f}w 

straight lint· h iu . .,ide tlw ra11~t· 0.2.) I! 11 -I O.S5. 
Tt will lw readil\ ttn<ler'-l•tiHI tiLtt tlw ,JdlJ:tl r~·hti(JJI lwl\\ 1''-'ll tlw relali\ t' 

,·,dnes ol Jl aJI(l II ]i,·s itl\idt· th1· ra11<.!_1' clt·liltL'(l In cmvr·s ~~ <tJJd !1 1! ,., 

~ t s " 1 tn w d l u l w r c p 11 · "< '11 k d h: · t h 1 • ~ t ' e r aL; 1 ~ · 11 r v 1 • 1 · i 1 1 I i g m 1 · -t 
Tlw \:tlttr· ol n i" Jttlw l'<tkttLtkd a" t()llm'"· \Vl' c·a11 ':il''' lrrltll 

,-, 
Ill' ·) 

II, 
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Ftc. ~ THE HEt.ATIO:'\ BET\\'EE'< Jl '.:\ll R, B<HH EXPHESSED .\s HEL\Tl\'E \'ALt:p; W!Tll 

HlliPEC:T TO H, AND R, ; ( 11 1\\E c HEPHESK\JTS T!IE BEST .'.PPROX!.I\li\TIO~. 

that on 21st J11ne 11, = 14 · HJY erg c.:m-2 sec-1. The value of H H, -1 is 0 .. 5 
when the actual light total 1s 7 · 109 erg cm-2 dav- 1. \,V e cau nmv see from 
Figure 4 that H H, -1 is 0.7g, so thaL when H, _ .5.5 ·109 erg cm-2 da_v- 1 

(figure 3 B), R is tound to bt' 0.78 X .5 .. 5 · 109 -- 4.:3 · HJ9 c.:q.; l'm-2 da\ -1. 

THE :\\'EHAGE PO!ENTIAL PHOTOSYVlJ-lliSJS ( c\
1
, ) f~ TilE 0-JETIIEJ;:L.-\'JCS 

The claily light total, averaged over the years 184:3-19.5:3 (DE \'ruES, 19.5.5) 
is shovvn in the first column of table 2. Tlw average value of R calculated 11'}· 
means of these data ancl those in figures ,'3 and 4 are sho\vn in the second 
column. The potential photosynthesis A 11 in the third column is calcnlatecl 
b:' multiplying the value of R h:' 6.7 · 10-13 g CH:20 ·erg-1. It was fou11d that 
the average potential photosynthesis varil'd fr()l1l .SO kg CH:20 ha- 1 (l;-·,v- 1 Jll 

Decembl'r to 290 kg ha-1 day- 1 in June. 

Table 2 Tlil' dailv li.ti:ht total (11) a\(·raged 0\l'T the years 194)--195'3, the \'aluc of (R) 
and the potential photo-;vntlwsis 1:\/, ) in the :\'dherlands. 

1-J R A;, 

in 109 erg l'lll-2 day-1 kg C:J-I:.~O ha-l day-1 

J <lll. . . . . .. 0.8.5 0.7.5 so 
Fe h. Ui-1 J .29 KG 
\larch . . .. :3.17 2.12 14:2. 
April .5.2.'3 .3.17 :21:2 
\fay 6..5.3 .3.8.5 25'8 
Junl' 7 .. 30 4 .. 3:3 29() 
Jul;. H.46 4.12 278 
An g. G.l."l j 91 2G2 
Sept. -!.01 2.9:3 198 
Oct. .. . . . . 2.42 2.00 1:3-1 
l'\ov. 0.99 0.90 ~ 
Dec. O.fl8 0.60 ~ 

This potential photosynthesis is the photosynthesis which rna_v be reached 
hv a closed green crop cover with healthv leaves uot short of. water under 
such conditions that translocation of sugars is llOt a limiting tactm and the 
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,_·arhondiox\'Cle concentration of the air is normal. \'loreover, dissimilation should 
lw subtracted in order to obtain the apparent photosynthesis. It was never­
th-:_..less found (\fAKKJNK, 1959 in press) that under favourable conditions actual 
photosynthesis is close to the potential photosynthesis as calculated in this 
paper. 

The potential photosynthesis from April to September inclusive is 44.8 tons 
per hectare, so that subtracting 20 percent for dissimilation, the maximum 
possible produ'ction during this period is about .'36 tons per hectare. This is 
much more than the maximum seasonal grass production of ahou t 1.'5 tons per 
hectare reached at present. The present maximum productioll is prohahl:' so 
much lmver than potential production mving to water shortage, the fact that 
practical management methods do not ensure a closed green crop surface, 
throughout th-e season ancl the carbon dioxide concentratio11 of the atmosphere 
may be lower than 0.03 ~{. Field and greenhouse experiments are in progress 
in order to obtain _vielcls which are as close as possiblP to potential production. 

Potential photosynthesis is found to be appreciable higher in the spring 
than in the autumn. This agrees with the experience in greenhouses that 
plants grow much better in the spring than in the autumn. 

Calculations similar to those given in this paper may be carried out for 
other latih1des and countries. A nomogram with valnes of ll ancl R at dif­
ferent elates and latitudes has been published in another paper (DE \VTT, 19.58). 
The values in this nomogram are expressed in cal cm-2 cla_v-1 and include infra­
red radiation. The}· should be multiplied hy l.o7 · 1()7 erg ca]-1 to obtain the 
light total in erg cm-2 da y- 1 inside the range 400-700 u. 
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