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:L l)!:ice in the sun 11;j-c.r t ~ ~ r r ~ t : t I  21ro3iiitl 1E1o lil~181 
: I I I ~  \i.l!nf it protl;ic.e:;. Ariiorlg tho nlrtlrrlyiri~ 

c:!:;sc>s oC xvnl., no frrctor is oi' i~~ipor.l;~r~c:e ec1u:;ln r :~~ . iy  
to lii:il, oC the relalion of il ;;>optil>itinn lo tile pro- 
tli~c.ti\-cncssoC its 1:iiitl:;. 'I!his 1-eltition inrolvcs a conl-
plcx rqiration hc.i,\z~ec:r I,he nti!ie:itiort oS arcs, trrolr-
t ' i i l ! ~ ~ ~i:r~d atoms anii trir i ~ , ~ r i t l l i i i : ;  01 plarll,s and ani 
~ti::ls which t;ul)l)ly lltc er1erg.g fo r  living. No c:onrst! 
e.:n 11101.13 S I I I . C I ~  in\,it(: di:i:isir~ i . l ! : i ~ r  one which.foslcrs 
hcadlorlg i~l~provctr!cnt in  pe;rec arid Wil I.  of ind (rstl-ies 
r r l~icl~consnlrie the products of the land ~ v l ~ i i e  it,  :ill 
Illit igrlorcs 0121. r1>1:1ti\,rI~ ill handling tho poor SIICCCSS 

I i i r ~ t land its living c:ovrtS. 
1 7Jlic sourso of 1rr;rn's energy is lllc grcLcn plnnt. 

Mnir~lenanet? of his erlc,i.gy supply or ils incrensc de- 
pentis upon a p t  hnr~tllir~g of his plants. If hc fca-rs 
Ihe cut1;ng off 01, liquidnlion of this supply he mill 
iiqht for its pj~esrt~vctlion. The ndcqnacg of thc sup- 
ply a ~ t d  ils tlis1i:ibution ic;? in  Lhe lnst :~nulysis, lhe ltey 

Totl:~y vewe 2rnrc :in itltc~i.i!:~i.i lo lho agc- 
old unb;iitinec of t,lic l u l ;  yr:iis and the lean, tlic 11:aurcs 

sl:.11tl:~1,11 very considcral,le increase irt biiis(Ile~i!:lrldstl 
c:fii::irrioy. Tltr ll'ood ancl Agrie1zllm.c O~.gariix:rlio~r 
oU lhc lJnilet7 W:~iloris esti!!ialcs i11crcn:jcs (over  p r w -
011s j~wluc l ion)  o f  21 pcrcci~t <'or. cerr:ils, 100 ;;>ei,cjrr~t 
l o r  n~ilk, :rui(l. 1E3 pcrccni; fo r  frnits and vcgctables 
as ~~iinimtun for  i'c:ctlinxrecli~irc~iic~its l i l c  cxpirndi~lg 
~vorlii poli~il.iilon by Inli!). The 1:aritil ;ivnii.r:rlr l o r  
:,:.ro\l;ilrg these inci~c.:sc~d ci.ops hi15 ~1:~';11lli I'roiil dcteri- 
o ~ z l i o n  and rl1ii;irsc. liic: ho;,o, rx-ikTo~.i~ri\,c.r, oi't+~il 
prr:;:,etl, Ll~at S E T C ~ ~  ill tr013- inerease.i can bc P ~ O ~ I I C C C X  
ienl aouril,~,i<.s of lhese trtrrlooks llte ecve1.c i i~~l i l ,~ i l , i (~~th  
rcgions. In iriost t,i.ol)it:~l regions LC1e1.e is, so far :is 
:i;:"'iotrllure is concel~mccl, ~~claativt~ly 1:ti i t l .lililf: ns:ib:e 
'I'l~ei~e .bcc;zr.usc: trf lhi! l.opo:;- :ire iio g~acat proirics, : I I I ~  

ra,ldry orilg liltriled arcns cnrr be ti~rtrcd t,o tbc p1.o-
cluction of energy crops. C:orrlir:~,!ecl h i ~ l r  lempera- 
lures ant1 cscessive ixi t i  rnll 1,esl.ricl boll1 lhe types 
of p ia i~ t s  tlri~l, will f i . i ,~~m eP'i'orts lo grow :~nd t i~t~n 's  
lh(:ni. Srrc.11 corr tiilions nlso of Len iirc*rc?:~so Lh(: mn.gni- 
t n d ~  of disease aiicl insecl prob!clr~s lo  nearly nncori- 
ti~ollnhle j)rol?ortions. Tlit. ~-)rotli~c:tiortof 1,21e h,opics 
is tl<:stincd to be of giwwing iiupo~.l;ncio with rt~spent 

a11d tire l ~ a v e - u ~ l s ~  to itiany et'ops, bnl lllc rcsourccs of the tropics areaucl lhc birth of coilrttless t ~ ~ i i l i o ~ l s  
of lrriirlan beings to the niisc~ry of i~tadeqxtlc  food--7rc 
can replace "fnr~riirrg" ~ v i l l ~  agricnlti~rc, the seierrce 
of 1.iuncl:ing ill(: Innd and its ~ ~ l u ~ l l s  and aiii~nals. 

( ircn t p ito;;t.css i11 such A rc:voli~t,iort llns tllrei~dy been 
trrltcle. Allioricnn agriculture, cluilc: as mnch :as il iner-
irar-I iridi~slry, 11~1p:({ to t111.11 the rrcenl lidc of wnr 
Loward the viclorg. l\lnny of t:lrc peoples of r:ivagcd 
Europc arrd Asia owe holll thcii frecdoitr :ir~cl their 
lmslwnr si~rvival to the Alr~ericnn f'nrnrer. Dnt we 
:rye moving loo slon-ly. The pressure of T T ~ ; I ~2nd post- 
vrar condilions ~ I L ~ S  the drain of soil fer-so i :~c~~;\ : jed 
lilit,y :md l l ~ eellchcls of erosion and iiieitlieic~~l cnltn1.c 
Illat l.hcsc and related facliors art: reaching :%n ctrlcr- 
gency sln,tas earlier thcn they woald have, h:ld n 
norllltil pc!;accti~rr.e 1):ic.e prevailed. Ti1 much of onr 
siipporling ngric;nlttrr'al research, too, me l~n\ /e  re:tchcd 
:rn inrpssso; and in this lhcrc is grcat dangvr, fo r  
the laws of cncrgy wi'l not indefinitely perll~il invrcn,se 
of tlenl:lnd, without- p~rtill6.1 increase in lhe avtiiln blc 
supply. 

Brotrl any long ranzc view, furlhcr lif'tirlg of thc 
n ~ r l dstandard of living can only follow increases in 
agric:rlllau.al efieicney. T r l  of iriereasingracl, 1 ~ c : t i i s ~  
pop~dlution pl.essnres, ever1 ~~l:rintcnnrictr 01 lhc 1,rosenl 

simply rlol such as  to nlnlir! the 7.egious capable of 
:~.ssan~iag jrosilion i11 the prodad;ion of a ~ l ~ i i , j o ~ ~  the 
clriergy exoils. We 1111lst 10i)l; ir~slritcl fo r  n1tt:lns of 
greatly inr.i~e;tsin~l l ~ e  proth~cl ion of Tc~nl)c,r:tleBvnr: 
s:1rir1s. 

111 rnrlll~asixiiig Ill? 11etd for  conservntion, it  is uoul- 
ruorl to pic~l,m~c the li~rlii a:i a polcnl.in1 rcsonrce, a sorl 
of :~griuull;r~r::I snfe deposit l ~ o x  frol~i  xvhieli rrlarl may 
draw fertility lo r  his crops f o r  arl inrlc.li~ritc pcriod. 
I f  lie witlttlr*i~ws 121is .Ccrl.ility too ri~picliy, however, or 
allows the ririrrertil elrlllcmls to be washed :t,wtiy by 
(:~.osion, I1.p l ~ l l a ~ t  nrwrrlove 011 to new land or, when 
1:illtis :ire no l o n ~ e r  av:~ilnhlc, face ruin. All this is. 
lrue, 1,111; it is a eo~lce l~ t  linritii~:: to :serve ns t,hetoo 
basiii of a scicntiiic agriciilhirc:. It is nc:ccxhsnry, in- 
stetitl, to think of a farm as a fnctory ant1 the farmer's 
r~~:rn:tgingeflorts as : + I  tc!nipts to lurn rtim n ~ a t e r i : ~ l ~ ,  
illto G~lc goods, soil ele~~~c!nl,s T l ~ eillto ~) lan t  prodilets. 
goal is the rllost rapid practict~l t;m.nover of fcrtilitjr, 
the highest 1)i.ucIuction consistent with continilnl avail 
ability of raw rnnt~c~~ials. our soils 1:tck cc.1.- Many of 
lain cssentinl clr~tierlls, bnt nrost of thcrli corrt:iiti, in 
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~ ~ a c t i e i l l l yinexhaust~blc amounts, all the rcquircd cle- 
irlents except nilrogcn, pt~ozphorus, and potassmm. 
Agriculture 11ccolllt.s then in par1 s lllattcr of sup-
p l y ~ n g  phosphorns and p o k s s ~ u ~ n  us crude t.helnlcal5 
~nthe right an~ounls,fixinq nltrogen chemically or by 
the activlty of microo~ganlsms, xnd provld~ng in one 
x i ~ yor  anolher sue21 atldilional elt*rnt~nls :I> may be 
reqalrecl to enable thc. plotoplasm of the living plants 
to milnufacture, in mas5 proth~ct~on,  fine gootls. 

This is the sal~ent  f;tct. In practice the operation 
is exceedingly c.ornplcx, ar~tl we are i n  tl~sc.oi~raging 
ignorance o l  rnost of 11s coaiponenls. The soil in 
which many key processes go on IS a varlable and 
littlc nndei~stood r~letiiun~, the steps in  the functional 
p~ ocesses by wh~ch  plallts cwnvert inat(~~.lals t rom soil 
and air  and thc enelgy of lighl, Inlo fine goods are  
nearly colrrplrte mystcric*s, and the i r ~ t ~  lt~ilte balanws 
of boll, plants, and clm~nte have hardly been ap-
proachccl. Wc know only c n o i ~ g l ~  lo renl~ze llow 
much needs to be learned ttnd to recognize that if we 
h:rd niqrc knowledge we could rr~i~kerrluch bettcr 
:tdaptions, maintain l11ucE1 better balances,' and control 
the hazards rrlore effectively. 

Effective l o n ~  range use of the soil with efficlrnt 
cultural pract~ces and indeyuttte control of diseases 
and insect pests are p~*essiny agricullural problerrri, 
buL there are  othcrs. True to the  American pattrrw, 
mc 11ax.e made grcatest advances where mecha~tizwlion 

Agriculture 1s still, by and large, in  the hands of 
individual far~nerh with access to relntlvcly llttlc 
c a l ~ t n l  as  cou~parc,d with large inrlilstrlal cor.j?ora 
tlonh. ICvm In good tiuics, ind~viduals are raxcly capa- 
ble of kupport~ng research and cxpcrirnental dcvcl- 
o p ~ n ~ n t .Then too, t l ~ rl:~r-rt~rr 's c d ~ a t e  problcr~is ~mnr 
are  generally tled to ii pece  of so11 in ~ ~ a r l i c u h r  a 
sp~cific clnnate, and to tllr c,iipislc2rs ol' the neather.. 
It IS dlficult fo r  him to think In tire broadrr tenns 
wh 1c.h characterize rr~odern I)asic. inclubtr~al research. 

What 1s ternictl intlustiial resrarcdh re:illy represents 
lwo usually irtore or Irss dli)t~rlct elements. The gen- 
eral fact tintllng 13 perhaps aceoinplishetl ~trost olten 
hy ~nvesligators ontsitlc tile l:il~ n t l u s t ~  Iabort~tories. 
by the r n o r l ~ c r ~  in "pui~es' sciences, most oftcn in  urn-
vc~riily laboratones. 1nctrrstl.y cil rei'nlly currycombs 
the findings 01' such investigators and then tests : i r ~ >  

rnlercsting fncth revealrd. Agncnltnre hah no ndf-
tluale IJroviilon for  e i the~ palst of l h ~ s  operahon. 

l'he fundamental nnit in sgricnllural rescaich is n 
living plant or aninla1 and it5 ~)rotlncts. T h ~ i  tact  
gives :I dis t i r~~ui ih ingI)reatlth to acl ~culturttl iesearch 
needs. Pl:mts and nnirrral5 a1.e all colt~poseil of ti 

common st ulf and tlicy all grow aceordlng to sinlilar 
p a t t n ~ n s .  As R resiilt, resealah on corn rllay prove 
to be just as ~mportant  for thc cotton farnier. as for 

fits into agricrtllure. In rrrarly c3rops ill1 o ~ ~ e r a l i o n s  
fro111 soxving to harxesting arc now carried out by 
rri:1chine5. Onc cffecl has been lo call fo r  greater 
cffor9ts to irr~prob e pl:rnts ; for thc illore highly d ~ x  el-
oped agr.icultur:ll practices become, llie rnorc urgent 
is the ncc,rl to protlucc I I I O X * ~efficlc~nt plnnls-plants 
whlch can produce irrore linr goods per immt of raw 
11ialc.ria1, o r  which, better fitling thc p:rttern 01n~rcha-
nixed fa r~mng,  can prorh~ce morc chcaply. 

A (1%anccs in soil pya t~hces, control 01 plant d~seases 
:ind pests, n~c.chanleation of f a ~ * ~ n l n goperations, and 
plr%ntI I I I ~ L O V C I ~ ~ ~ ~alrea tly have been great, hilt not 
50 qreat as  no1 lo br  dariu,eroi~sly charfetl Ijy indn+ 
trial advance5 and the factors of populalion IncreaTc 
of tlie 1 ~ s t  se\ euxl dcearles Thus, a n  unhealthy s1111- 
ntiori arl-cs. The more the efficiency of ~i idustry Ir 
i t ~ c ~ e a i e d: ~ n d  the higher wages i l  can pay, tlie more 
difficult it hecornes lo r  thr. les3 eficicnt agrlculturc to 
firid labor and capital. The morc etlic~ent induitry 
becon~c~,the morcL 11 expands and the grealer I)c~comes 
tlic need for  new or. better :~gricultni-a1 prodi~ets ;  and 
rvcn apart  froni 1ndui1ri:ll rlcvclop~nenl, thc nrorr 
popnlatloii lncrcascs the nlorc pcople agricult11r.e hai  
to feed arid cloth(.. 

Tn any analysib of Arnerlcal~ i~griculture's hrsett~ny 
rl~Sfici~lticsir  rir~gle fact stnrrdz oul ahove irll-lh(. need 
lo r  R c~oord~i~atcrl progrs:tln of rrsca~c.11. iincl ~ f f ~ c l i v r  

the corn farrrrcr Tlris lrlcsns that one hei  to thmk In 
specific terrtls ol' c.ollon or corn t ~ tthe sarlle Lilnc 
In general lernli of living o~can1,1115. Thc blolog1-t 
~r~ves t~g t t t lngi l ~ e c ~ l i c  In corn boor1 finchn ploblein 
hlmsclf knocking a t  thc closer1 door o i  whal llle :\nrl 
growth arid sc ,nu t~v~ty  TIis field 1s f a r  11no1c Iiryi- :\re. 
terions, anrl, one suspects, 1';lr ~ l ~ o r e  dimcult than lhocc 
of l ~ i s  col1e:rgues norking ~ l l hinen~matc a t o r ~ ~ i .  

The peculiar i t i~ tus  of aqi.~cultural rescarch needs 
has bcen recoqni~ed i o r  solnc tlri~e. I t  \cae In rc-
spon5e lo l h ~ s  rccogn~t~on  t1i:tt the plant and enim:il 
research branches of tbe 1Tniled Slates 1)cpartrrrent of 
i l g r ~ m l t u r e  ,~ntl of the larious il:itcb expermlrnt sla- 
tlons wele org:tn~acd. We liave ill the con.elnteil 
br:~nches of lhese :rgcnclcs a ilruclvrr which 1s thco- 
relic:tlly capable of dcaling n ~ t hbolh short r,rnpe 
research, conrcrned wltli iohl~tion of the f a r u ~ c r ' ~  1n1-
trleciial(1 ~)r.oblc~us, and long range isesearch on fnndil 
rrlenttil problems. Ti1 actual l>r:ictrce, 11 doei a gootl 
job :lL :tnd from the lalter. thc f o ~ ~ n l e r  s111cs a\qay 
Tht. Arncr~c.an t a ~ p a y e r  15 putting nill lions of dollar-; 
onnually into :~g l~eul tu ra lr*eit~:ircli. He ii gc~ttlng 
~rogresiivtlly s~lrnller, return\, : ~ n d  too ['ebb, of theie 
,rre tlic kiiid that 1~111 pay ol'f in the lot~g run. \Vlij ? 

VEUIOIL~II  J'I~IVTAND STATB. I<EsF,-~HCH 
So far, as the national piclurc i b  conccrnnetl. crop 

l)l;~rll research ir cc~rrlered ill thc T3ur.ean of Plnnt 
I ~tdustry, Soili iinrl ,4gricultnri~l Enqinecring of the 

http:rrsca~c.11
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United States Department of Agriculturc. This 
agency is coinposed of several hundred professional 
plant scientists, operating on a budget which, count- 
ing both direct and indirect appropriations, approxi- 
mates ten million dollars a year. I t s  staff probably 
contains between one-quarter 'and one-third of the 
country's plant scientists, the remainder being dis-
tributed fairly equally among other federal agencies, 
the state experiment stations, and the colleges and 
universities. 

Agricultural research is alnlost necessarily a ward 
of the state, and this federal bureau should be the 
dominant agency in plant research-stimulating fun-
damental research by its own research productiveness, 
on one hand, and guiding the application of newly 
discovered principles on the other. Actually, its ac- 
complishrnents in the first field are  considerably less 
than they might be, though a t  one time the Bureau 
played a much more iinportant role than i t  now does. 

Some of its deficiencies are  fairly easy to indicate. 
I t s  staff is made u p  of a very considerable nurnber of 
topflighl; scientists, but i t  also has more than a few 
mediocre persons who value the security of federal 
civil service retirement more highly than real scientific 
accomplishment. Unfortunately, the systeni is such 
that the potentialities of many of lhe best rnen are  not 
realized. Too often the civil service systeni and good 
productive research don't mix. This is a serious busi- 
n.ess, for  i t  has driven many of the best of the war- 
lime federal scientists out of the government service 
into industrial or university work, and usually away 
from pressing problems concerning the national wel- 
fare. Many factors are involved. One is bureaucratic 
insistence upon establishing organizational patterns 
without appreciation of the need for  flexibility in  re- 
search. Another is the too frequent reservation of 
higher grades for adniinistrative employees. The 
effect of this is to make administrators out of the 
niore capable men, and conversely to keep actual re- 
search activities in the hands of the less capable, or 
less advanced. Productive research is a coupling of 
ideas with experimental teclbniques. Only in rare in- 
stances can each coiuponent coine from individuals a t  
different levels of responsibility, separated perhaps 
by thousands of miles. Seniority, so necessary to 
maintenance of a good organization, often precllldes 
obtaining the best qualified investigators fo r  pnrlicu- 
lar problenls. The civil service efficiency rating sys- 
tern, though i t  is handled in general with attempts a t  
the utmost honesty, often complicates the piclure, fo r  
the employee's advancement dhances turn directly 
upon it. I t  is probably possible to make estimates of 
the comparative efficiency of twenty-five typists work- 
ing in the same oEce. I n  fields of scientific endeavor, 
however, such conlparative ratings are literally irnpos- 

sible. You siruply cannot measure a inan's scientific 
productiveness in terms of his industry, his ability to 
get along with his superiors, tire degree of neatness 
with which lie conducts. his work, and so on. What  
you have to evaluate is his brain power. What  the 
civil service system evaluates is his capacity to fit com- 
fortably into a n  organized pattern. The organization 
is the thing. I f  a man fits it-well, let's not worry too 
nluch about the fact that he likely is not the niost bril- 
liant nian in his field. Some signs are  appearing which 
seem to indicate fettered steps on the par t  of the Civil 
Service Conlrnission to attempt sonie modifications of 
its systeni to deal with the needs of research agencies. 
This could be hailed a s  progress were i t  not that the 
organizational difficulties of the agricultural research 
bureaus would likely be self-perpetuating even with- 
out civil service. 

Hut the personnel difficulties are  not the only im- 
portant ones. !rhe present plant scientists of the fed- 
eral system could turn oul; f a r  niore productive re- 
search if they were not hnnlpered by the nature of 
the syslern itself. Let's examine the system. 

A group of working-level scientists conceive a re-
search project which they feel, on the basis of their 
specialized training and experience, niay reasonably 
be expected to answer some questions which are both- 
ering thern in  their attempts to improve a certain crop 
plant. They draw u p  a n  action plan, with all the 
necessary altenlion to organizational detail. The plan 
is reviewed by their division head and the chief of 
bureau, with his assistants acting as  advisors. I f  ap- 
proved by these men, it  is sent on f o r  approval by the 
Agricultural Research Adininistration. This is a 
superstructure agency whose functions include over-
seeing the work of all the Department of Agriculture 
research units and their cooperative work wilh state 
agricultural groups. 

The concept behind the organization of the Agri- 
cultural Research Administfation was that i t  should 
coordinate the eftorts of different groups, eliminating 
unnecessary duplication, and in general tie together 
the work of federal and state agricultural scientists, 
and guide their research along profitable lines. It was 
a noble concept. With vision and a degree of free- 
dom, the Agricultural Research Administration could 
lead all the country's agricultural research, stiniulate 
important allied researches, :lnd very effectively raise 
agricultural efficiency, not only in  this country but 
over the world. I t  could be one of the greatest fac- 
tors in our world leadership, fo r  little we could do 
would be of greater benefit to n~ankind. Aclually, the 
task of the Agricullural Research Administration is, 
a t  least in part,  one of dignified pussyfooting. To it  
falls the responsibility for sorting out of the federal 
agricullural research proposals those which Corigress 
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will approre ::nd shunting tlre others Lo the side lines. 
It is the liaison agency altenlpting lo maintain long 
tern1 procluctivc rcse:rreh n;;nin,;i, thrr b:rckdrop of 
Congressional politicin1 interests. I1  niust see lhnt 
only projects lilccly lo haxe anough Congrcssionul 
suppol t or pnb.ir: irltcrc>st m-e presenled for  consider- 
ation, fo r  tile slipl~ort for  the research co;lres, with 
a few nlinor cxccptions, from the public lreasury. 
The funds :Ire authoi,izctl by Conggre:;:; on an annual 
apl?rc>p~.iatiotlbnsii. Thcsc ;tppi.opri:liion:;, \voefulig 
inldcqil:rt,e il' judged xgainsl the n~agnilircte of lhe 
~ . ~ ~ ~ b i e n r ,ml;~tivelp stnall items in the great De- arc 
pn?t~nc:nt ol' A:yricirltiire Al,proprialions Act, which 

provides fo r  the trlany iirlportcnt nntl ~;nirrrport:iiii 
scrviec~sof the dcp;rl.l,rrrc~iit. 

IZcre is a m a j o r  tliflicully, I'or the basic probleir~s 
of plant i ~ ~ l p r o v c n ~ r n l  ill.(? hardly likely to be intri- 
guing to either Con;yress or tllc general public:. The 
Agricultn~,:ti R:.sr;i~.ch iPd~~lini:;i,t~:itioi~ attctllpts tcr be 
certain that the sr:ier~lists n:vtlr use language 'ivt~ich 
would soi:nd 21s though llicy \\,c~'c talking d o m ~  to thc 
lcg.i~;::~to~.:i.I ~ ~ ~ I I O ~  start i,eseLir~:hits ~ci(.nlis1s, to a 
p r o g i ' x ~ ~ ~ ,  fore-n ~ u s l  sloganizc it, rrlust optirnistic:tl!y 
cast great results fro111 it, :lnd ~,t'porL its pro~l.c:is in 
jonrnalesc. I n  short, p ~ o s a i c  scientific research, ~vhosc 
intcrprctat,ion ~.cqnirc,s thc ~)i*ec:sion of its own sr:icn- 
tiiic terminology, iii~ist be d r a t ~ ~ a t i ~ ~ d - a n ( l  in \1701'ds 
of onc sgllnhlt~. l'hc Agricillti~ral I~escarch Adminis- 
tration cannot 1,crinit ;m attnek on prohlctrrs that Con- 
gr3ess rlri;qhl fecl are too rcmote. Then there arc issues 
to be atlentlcrl to like tErc d r ~ l ~ a n d s  of tlic st.atc :tgeni:ies 
f o r  rese:rrch assi:;tt:nPe. Wilh such rcsponsibilitics 
the hgrici~lturiil ILcseurch Adrt~inistration h:rs little 
ti i l~e fo r  anytiling like deep-dclving consitleration oT 
basic agr;cnltr;~.;il research needs. I f  lllc rc:sea~*ch 
structure is l,o s i~rv i rc  wit11 Clongrcssio~ial support, it 
nrust oecul)y itselC with the questions of the moinrnt. 
1'k1c:re is no ti111e to worry about the farmer's grand- 
chiid. 

Congressional i11tcl.est in rcsc:rrcli p r ~ ~ j c c t sint~,o-
dnccls o t f ic~  trouble, too, such as n~akinq it inircll easier 

too cxciled, or its prodders do, aboul some question 
irivolving agricullural research. Wlicn this happens, 
lhc scientists have to occupy thcil~srlves for  ;A year or 
two with alteit~pts to spend short tcr~rl nloney effcc- 
tivcly. Then (:origressional intcrcst in thal particuiar 
problerri \vanes. The' nren in tile rc:;o.~rc:h o~.ganiza- 
tion are left with nolhing but the knca~vledgt: that a 
fcw t h o ~ ~ s a n d  dollars a year for  t(:n ye:n's and fi,ccdoiii 
lo attnuk basic pl.oble~i~s wonld prohnk~ly have solved 
the d;Siienlty. !l'h:rt tlct{,rrt~inir~gthe final ~-evie\v of 
research basic to the country's agriei:likral Sature 
shoi~icl be in t,he hand:; of C'oxigrrss is logical on!y if 
Con;;rcss seelis : ~ n d  is guided b y  lh? advice of t l ~ c  
Ir~esL spec:iaiisLs in 1 , ) ~ :  ficld. Thc record doesn't sug- 
gc:sL t l ~ a t  Congress operulcs in this 1ir:~y. Evc,n il' it, 
did, tlie syslcrn wonld rernain in:idcquate until the 
~i iajor  part of the research eolrltl be relicvetl o U  thc: 
coni])inlsive uncertainty that it  ~)eflcc.ts Crort~ the single- 
y c : : ~  approprialion sehcrnc. 

l'he Cederal plant scientists have ar~otEie~' Il)ix hhatlcli- 
cap. Like the rest of the govcrnincnt mac:linc of 
tl~esc United States, tllc Llepa~lnlenl of A g r i ~ ~ ~ l t i l r e  is 
a b:n~~eaucruc~y- 1a1,gc a portion of its staff llas to -too 
be conec~~ncclwith the fcndioning oT the 111nchine. 
And the scientist has to spend too r ~ ~ u c h  of ltis titile 
~naking ~ . e p o ~ ~ t s ,  reports, aiid reports on his organiza- 
tion for  rr:senl.ch. The we arch 1:e c;rnnol firld tinle 
to do. A Inan who is good enough to gel alon;; soon 
finds hi~oself occapied rnost of tllc time with rc~l~orts  
on and justification oC the el'101.t~ oi' those behind hi111 
in the line of ascent,. 

The agricultnl~al researell efforts of tile stales are 
conclnetecl by the state experirtlcnt stations, which 
are affiliated with the land g r i ~ n tcolleges. Thcsc 
agencies have inany of the sallle difficillticc; as the fed- 
eral systcnl. They are too often stai'i'ed with people 
oT insufficient brcadtlr-partly because l'or Inany years 
rriost oT the state ex1)erirnent stat,ions could pay only 
very low salaries, partly because the slate scicntisis 
are under pressure by local legislalul.es and popul'i- 
tions lo direct all their attention to ~nat ters  of iltt-

to go on speiiding Inoncy on soulciitirlg established mediate concern in the 1oc:tlity. The logical fle!d of 
than to institute anything nc,w. Ilimr:e, the sc~ic:r~tisls effort Sol. such expt,~*irt~er~t stations concerns problcnls 
have l o  I1.y lo extc3ncl alreatly estab1i:;hetl rzsea~~chcs that arc inore or less local, h:lving to do with the pal,- 

and bcnd then1 around nc:w needs, often gcttilr:: only titular crops oT a given state ;ind their heliavior and 

h:rlC as Tar as tiicy shoulcl. And they so~rld,imcs coa- ~lranagentent under the enrivon I tlmtal contl iliolls in 

tinne rcstrarclles that rni::ht have been stopped years that stat-e. II is generally considered poo~ '  c c o r l o ~ ~ ~ y  

ago a l  no great loss. Tlti:; ril.i~ation is particularly fo r  the state expcrinlent statiol~ to allow its stam 

true ~vhcre rxpcrirncnt slatiorts have becn set np. The inenibers to dcvole tiinc to problenrs riot inlniediutely 

pnAs:'n('e of lhc~s:: stations, sonic of I.11er11 very sinall, related to the needs of the state's farms. 

Ir,c?coaie:; itulroi~lant in tlre congressn~an's constitacncy. 

The 1)cp:rrtrtlent of Ag~ical ture batlgel supports sev- 

eral sncli stiltions whicki offer little but vain hope of 

ever serving any purpose that cannot be served Illore Many state resenrch scientists and federal scient~sts 

eff~mtiveiy el~evcrhere. Once in a ~vhile Congress gets share one chrrractt-rislic that is \ol~~c\vhat less 1vead11y 
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recognized than those we have been discussing, but 
that is perhaps the rnost important in an over-all con- 
sideration. This is their failure to foresee what rnight 
be called the evolution of agricultural problerns and 
to prepare themselves to deal with the producks of this 
evolution. When the great agricultural agencies of 
the nation were organized, the compelling problerns, 
for  the most part,  had to do with handling crops in  
khe field-determining khe proper soil f o r  a given 
crop, the best kime of planting, the most productive 
spacing, and the most effective fertilizers. Wikh the 
developrnent of agricultural engineering, there were 
the added problems of building machines fo r  planting, 
culkivating, and harvesking different kinds of crops 
under different growing conditions, and developing 
inethods for  the conkrol of insect and disease enemies. 
The agricultural agencies were founded Uor attacks 
on such problerns as  these. The presenk status of 
Ainerican agriculture is a tremendous tribake to the 
achievernents of the agricultural research scientists 
in ineeking these problems and solving khem effec-
tively. Much reir~ains to be done, but what is not 
clearly enough recognized is that by solving khese 
problems so edectively these sarne scientists have 
opened u p  new Urontiers of research, have pushed the 
research needs along to another stage. 

W e  are now a t  a point where major agricultural 
advances can colne only aftcr we have gained ~ruuch 
illore knowledge concerning the fundanlental b io lo ,~  
of our crop planks. Iinprovernent in  field prackices 
nlay be expected to give perhaps another ten percent 
in increased yields. I t  will result in saving sorne land 
and it  will bring farther lightening of the farmer's 
labors. This sork of progress mask be conkinued, bnt 
major advances will corrle only if we wpplenient such 
investigakions with enough basic biological research to 
enable us to begin ko learn soulething more than super- 
ficial facts 'about how plants grow, how khey repro- 
duce, and what their relations to soil and cliimake are. 
The agencies which have been built u p  under civil 
servicc regulakions are  staffed almost entirely wikh the 
researchers ko whom goes khc great honor of having 
solvcd the first linc problenis. However, i t  follows 
fro111 the vcry nakare of thesc invcstigators' kraining 
and inkerests thnk they generally do nok recognize or 
have a n  interesk in the now basic biological problems. 
FIence, khe agriculkural rcsearch agencies are  tending 
to negleck seriously the biological problems which are  
a t  the base of the ncxt century's improvemenk in agri- 
culture or even the nexk century's conkinaation 01 
agriculture a t  its prescnt highly productive levcl. 
They arc neglecting these problcrns sometimes for  lack 
of time to deal with thcrn, often on the assumption 
thak the colleges and ilnivcrsities will product a gen- 
eration of nlcn better prepared to deal with thcm. 

This last point needs examination in the light of 
the facks. The avowed purpose of most agricultural 
colleges is to train agriculturists. To this end their 
faculties are organized and their curricula developed; 
and to this end they are  generally most successful. 
There is, however, much confusion between the re-
quirements of agriculture and the requirements of 
agricultural research. Young men going through 
agricultural curricula are  encouraged to stay on and 
work toward advanced degrees, and then to accept 
positions of responsibility in agricultural research. 
Tf they are to deal with khe kind of problems which 
were the predonlinant ones in agricultural research 
during the last half century, they are  generally ade- 
quately prepared. W e  shall need inany more of them. 
But we also need a different type of investigakor, a 
nlenlber of a group in step with the newer problems 
in the second line oU research, wikh the fundamenkal 
biological and bioche~liical problems. I t  is a mistake 
to assurrle thak a rnan krained in agriculture is qualified 
Uor this type of specialized agricalkaral research. 

I f  the agricultural colleges must continue to devote 
their efforts nlostly to the training of agriculturisks, 
then where are  the people capable of solving khe more 
complex Uunda~riental biological probleims to come 
frorn? One might expect that colleges and universi- 
ties which are less direckly connccted with agriculture 
should be in a position to train such people. Though 
they may be in such 3 posikion, too often they are  not 
inkerestecl. Their botanists and zoologists tend, inore 
or less purposely, ko concenkrate their efforts on in- 
vestigations which have no bearing upon practical 
problems. Their chen~ists and physicisks are busy re- 
sponding to the dernands of industry, which recog- 
nized long ago the need for  continuing to harvest an- 
nual crops of fundamenkal researchers. 

I k  behooves khese colleges and universities to ex-
amine khe khesis which guides their kraining of young 
rnen and wonien for  productive livcs. Tt behooves 
these institukions and the agricultural co1l.eg.e~ ko look 
furkhcr inko thc basic training requirements fo r  agri- 
cultural research. I t  behooves a lot of professors to 
examine khe relative worth oU thc problcms with which 
they occupy themselves and a. lot of practical-mindcd 
agriculkurisks to look f a r  cnough into khc ivory towcrs 
ko see xvhekher anything in the way of uscful knowl- 
edge may be writken on the walls. Yale University 
and khc Univcrsity oU Connecticut have rccently estab- 
lishcd what may becorne a pattern fo r  thc training of 
agricultural research scientists. I n  a cooperakivc 
scherne, students are given two or three years' work 
in the fundamenkal biological seicnces and directly 
allied fields a t  Yale and khen they go to khe University 
of Connecticut fo r  a year or riiore to  skudy application 
of khe Uacts and techniques oU thcsc Uundarncntal sei- 
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cnces to the problcn~s oU aqricallure. Although it 
would not seen1 adaptable under lnost clrciilllstances, 
this scheme recognizes the key to the loroblem. Agm-
eiiltural rcsenrcl~ In tllc col~~lllorlly acccpleil sense 1s 
not enough. I t  l l~ust be cxpanclccl to inelude Car nlore 
biological r c ~ e a l c l ~ .  I n  tlie casr ol' plants and thelr 
prodiicts, we must direct Illajor rather than incldental 
efforts toward iinravel~ng the facts ol' g ro~vt l~ ,  devcl-
opment, and rclorodiiction, slid thc interrelations ol' 
thcse with soil and clix~latc. When enough s1ic.h baeli- 
ground has been accumulated, then agrlciilture's prac- 
flcal problelns nlnst be rcviewcd against ~ t .  

To gain this critleal knowledge we need to n~ake  
certain changes. Our l'ederal rcscarch agcncies nlust 
be relievcd oU the rcq~liretllcnt to concentlate their el'- 
I'orts on sure-fire, ilrllrlediatcly solvablc problel~~s, while 
their sclcntists defend Co~~gressioilalrrlandates for  
liinda~nental research. They inust expand their re-
searcli to clrtrr~rllne lrow the grecn plant conlblnes 
carhon dioxide ;>lid watcr to p~.otll~cecarbohyd~.atc 

and then transUorlns the carbohydrate to thousands 
of iiscf111 sabstanccs, and to attack a selectccl group 
of other fiinda~nental problenls. Thls calls Uor a re-
vlslon of the sctup, a ncw deal fro111 civll service, new 
types of Congressional autllorizatlon and wpport- 
all rnatters of federal governnlent concern. Riit i t  
calls for  other thngs,  too. There ll~ilst be lcaclers who 
can lcad, lncn who can appraise trends 111 a11 the 
sciences and interpret their signlficancc for  agricul 
tiire, who can recognize the gaps that stop progress, 
and furnish the individual scicntlsts wlth charts fo r  
actlon. Such nlen arc likely to come only after a 
renalssancc in teaching and training has cllreclcd stu- 
dents in basic. biology, chemistry, and phyilcs toward 
agricu1tur:il problerlls. This calls l'or reorientation by 
the collcgrs and unlvcrsitics with dlrect or Indirect 
~nterest  in the ficlcl, closer cooperation between pure 
and applied sclcrlcc groiips, and the dcvelopnlent of 
prograllis which wlll t ram n1uc.h Inore highly and cdu- 
c , i t ~  lllorc b?oadly a t  tlic sanle Illlie 

The Significance of Meiosis in Aclomyces 
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TWENTY YEARS A[+() I lans I<niep ( 7 )  dc-
scribed in the water ~riold Allomyccs a life cycle 
ancl a type of scxiiality whic2r were previously 

iinknown in the Sungi. The cycle, which now serves 
to clistingnisli tlie subgmiis l+?t~allon~yces ( 3 ) ,  is out- 

lined in Fig. I. Sexual reprocluction is accaolrlplishe(i 

r 
/d Gametangiums $Gamete 


Gametophyte bZymte 

-Q Gametanglum, +"ametelP I 


Zoospore '&-- ~oosporaniium 

by fusion of a small, n~otlle, lplgmcntrd nlale gamete 
witli a so~rle~vhatlarger, rnolilr, unpign~cntcd felnale 
garnete. A year later, having discovered that the 
nuclei in sporophytic hylohac had about twice the 
volutlle of those In gan~etophytic hyphar, ICnirp (a) ,  
postulakcl that nleiosis occurs in tlie rrslstant spor- 

1 Gnggenheim fellow at Ht~rvnrdUrriv~rsity. 

:ingia of l ~ ~ / , ~ a l l o ~ n ~ ~ ~ / c e s  there is all alternation arrd $at 
ol' haploid ganlctolohytcs and isoluorphic, diploid 
sporophytes. Si~riilar studies si~bscquently led Sorgcl 
(1.2, 13) to accept this concept, and 1Srnerson (3)  
l~resentcd genetic evidence, obtained from interspecific 

c2rosscs, whicli gave strong indirect mppor t  fo r  
I<nlepJs ~ntrrpretat lon of the llfe cycle. Although 
Ilatch (1)had nlade a dctallcd cytological stiidy of 
dlvldlng nnclcl In zygotes of E~~t r l lo~ t~yces  con-and 
eludecl that n~ciosis occaurrrd a t  zygote gernlination, 
he later (5, 6) dcnlrd the valldity of hls own inter- 
pretations and ac.crptecl Kniep's hypothesis. 

lcniep hinlsrlf was qiiick to recognize the iiniisnal 
1~0ssibilltlrs which Allonr!jces presents fo r  rxloeri-
tilcrltal investigations of sesiiality and reproductive 
hchavlor, and snbseyurnt studies by otlicrs arrlply 
trst1f.y to the keenness of his insight. A variety of 
basic researches uslng this pl~ycoxllycctc to investigate 
plirrlonlena of aloolllixis, s r s  cletcrrnlnation, irradia-
tion action, nntritlon, ~ i ~ ~ t a h o l i s l r ~ ,  and the physiology 
ol spore-n~aturation, -dormancy, and -gerrnlnatlon are 
uridrr way In a mirnbcr of laboratories in the Unltrd 
Stales a t  thc present tirne. Nearly all of this work 


