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able phosphates and a surplus of nitrogen. ~s evidenc0 of this beet rotations 
with alfo.lfa alvmys sho'\'l more symptoms of phosphate deficiency than those in 
continuous beets or in two year rotations which have a very low amount of phos
phates and nitrogen in the soil, Rotations with alfalfa and manure show very 
little phosphate deficiency. 

Fusarium Wilt 

Fusariuin v.rilt or yellows occur mostly in one, two, and three year 
rotations. Three year rotations on the lighter soils 11lways hn.ve much vrilt, 
while the four and six year rotations are practically free of wilt. 

APH.ANOMYOES ROOT ROT OF SUGAR BEETS AS D;JFLUElifCED BY PHOSPHATE APPLICATION. 

By J~ E. Kotila, Pathologist, a~d G. H. Coons, Principal Pathologist, Division 
of Suc;[\,r Plrmt Investigations, Bureau of Plant Industry, United States Depo.rt
ment of Agriculture. 

It is knmm that species of .Aphanomyces, especially&~ cochJ.ioidcs 
Drechsler cause dr.:unping-off of sugr:.r beets o.nd, with olcler plants, death of 
l:'l.teral 1·ootlets. These effects have been confirmed in ex_porimen'l;s nt .Arlington, 
Va., o.s well as in field e:;.'})eriments in Ohio arul. Iviichit;an. Isolations ma.do from 
sugo.r beet plants in which the terminal portion of the tO{J roots were blo.ckoncd 
and ldlled have sho'fm that a species of ll:pllc.nomyces, tentatively o.ssi[~nod to A· 
cochl1q_idoJl, is associated with this condition. The rotting usun.ll3r m:tends u-p 
from tl'.o termtnal of tho root about one-quarter to one-half of its length but 
may involve t~1e entire root. 

General field observattons had indicated a probt'1.ble association of this 
disease vli th relatively ''let soil conditions. Observations made in experimental 
plots in Hichigan and. Ohio, have shmm that killing of lateral rootlets of the 
sugar beet, o:1d. the dwarfing of plants from this cause was prevented by ap~Jlica
tion of fertilizers high in phosphate. In the plots in which such observations 
were made, tip rotting of the beet tap roots ~,orere absent Hhere phosphate was ap
plied., but comElon in untreated plots and in untreated. borders. 

An eJ.:perir.10nt was conducted 1:vi th sugar beots grmm from seed in quartz
sand cultttres to test the Drot0ctive effect of phosp~~to applications against 
Aphm1omyces attack under conditions of optimum and hip;h vrater levels. The e:xr-
posure vro.s socu.red b;:r unifornly inoculating 3-gallo:l cul turo jars of autoclaved 
g"Uc'll'tz-se,nd plus nutrient solution five days before t~::.o seed wns plnnted \vith 
(a) a pure culture of A• cochlio:ldes or 11ri th (b) l;ln.m:. cl.o"bris ana. sand froD a 
previous e::;;periment in c'll::.ich Aphanomyces as \vell [\S other root rotting ur~<:;:::.nisms 
occurred. The exporir.1e:nt 1-ras startect vli th tho nun;;1.•ous seedlings obtn.inacl from 
planting 50 seed balls in each jar and then after 46 iays, each jar was thin:1ed 
to five plants evenly spaced to "be carried for an rulclitional period of 132 days. 
The s eedJ. ins at o;ppr ox ina tely the proper distance fr :,m its nei'g..."lbors "'~1ich appear
ed most likely to J.i ve ;.,ras left \'!hen the jars were thinreo.. :For the most part, 
this 'lihin:>.1inc n±;pro:dm'""ted. field pradice in ' . .,rhich tho host pl<1.nt in a clump 
at npproxi:nn.tely the right position hi. tho rO''i is left. 

A"btmo.ant :previous o:;g:Jerience hnd s~1ow~1 thn.t susar beets co'Llid. be gro,,m 
over lonG; pcn·iods in nutrient solution, quartz-sn.nd oul turos 1vi t~ouG dan:;_Jing-off 
or root dec::cy- occ1..1.rring. An observation sot of quartz-sand cultures \vr::.s used in 
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this test. The seedlings in the check cultures without organisus rem~dned 
henJ.tby. At the close of the experiment plants in the check cultures were free 
fron root rot. 

For each type of inoculi.lr:l, half of tho cultures was grovm using a l11J.tri
ent solution high in phosphate, and the other half '"as stc..rted vdth a nutrient 
solution vrithout phosphate.. .After thinning, corrplete nutrient solution v1as oc
casionally used v.ri th the jars in ivhich phosphate · \ITO.B to be held miniaa1, other
'\'lise those jars received nutrient solution without phosp}+ate. As n rule, through
out the experir..wnt, 200 cc of the respective nutrient solutions were adc1ed twice 
a week to the appropriate culture jars• It was found that this CU:lO'U.'Yl.t was enough 
to bring about discharge or overflow fron tho jars. Tap 1..Jater was added at other 
times as needed to prevent wilting. 

For the contrasts in >•rater level, half of the jars for each phosphate 
condition >verc equipped ivi th siphons to prevent water standing in the jars, and 
the others had 5-inch stand pipes which kept the sa..'t'J.d in the lower portions of 
tho jo.rs nore or less vmter-logged. 

a:he cultures were gro\'rn throughout the test on rotating t~.bles to equal
ize lic;ht and tenpern.ture conclitions. ;!llach trec.tnent WR.s replicated 10 tines 
and the restli ts are gi von as 10-cu.ltt:tro a~;erages in Table 1 fo1· the seeding 
phase. In Table 2 the results are given as s~us of the 10 replicates for each 
treatl:1cnt rotor 178 days. 

The follovling conclusions were drawn fror.1 the ex_perinent: Increase of 
nortoJ.i ty in seedline:;s o.ncl in larger plants \'las shown in the cultures with r.li21-
inal phosphate nutrition ns con1)nred >'lith those cultures gro1.-rn under co:1clitio:1s 
of higher phosphate nutrition. Tho ;.rater level relations were over-shado;.recl by 
the nutri tionnl e!fects, out sorJe evidence is afforded that the Dortnlity of 
seedlings is Greater when tmter level is high and that Aphanonyces attack on thQ 
tap root r.u:J~,- be increased. 

The conditions set 1:1;p in the experinont represent extrcDes, but are not 
entirel;r outside of those found in tho fit>ld. T?Jren in connection vri th the 
field observntions, they point to a d.efini te relationship betvveen severity of' 
A:phanoDyces attack and phospl'4'1te deficiency. 

Table 1. -Nunbers of appA-rently heal thy sugn.r-b<;,J_et J~.Q.9dUnr;s rOj'Jctili.il].,g 
in Jl.Uat:Lz... ~nnd cl.!_lture_g_after 7-__ ;.;md .:1-B:·.QY eJ.:posures to 
]2'lll'O cultures of Aphrm.onycEi!S coc:1lioide~.....i3J:1cl o.;r,g_nnisn s fron debris 
of disea§l..§iLJ?.lr:tnts~_l:Il:&.'IJ. phosph.~te_is g_c;mtr!')Jlted with :cinir.ml 
lJhos;phn.te under conditions of optj.r:nliJ ancl hid1 }'fr:tter levels. 

(Results given as 10-culture averages.) 

!-Apparently healthy 1/ 
!sugar beet seedlings 

- . ll _n.fte::..or::+~-----
____ I_n_o_c_u_l_un __ ---------r, ...... , -P"-h-o-s·-p_-h-D .... t-e--.-. ,..r -W~u-ter Level i--_.1_· ctays I 46 d07tS 

~. cochlioidos (pure cuJ.t~e) High i O:ptinun 79.0 I 32.1 
do. cto. I Hi."h 68.8 17 .. 2 
do. iiininal Optim1IJ 77.3 I 
do. do. High 79.0 J 

D b · f d' H' h Opt· 87 8 "'r:-,,.6 e r~s :ton J..seased plt:mts ~g _ Enm 91 •• 8 
1 

~ 

do. do, High 62.0 
do. I-!ininal O:ptinuiJ 90.6 

~~~d~o~--~------~----------~--~d~o~·~----~~H~l~·,jl__ 90~·~8~--~~--~3~~~0~-
1/ As judged by absence of top syr:rptons or discolored hypocotyls. 
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Table 2.-- 3tecord of sugar b~et plants follo"~:;ing e?C,Posure to Aphanom.y<?es cochlioides .and. 

to organisms from debris of diseased plants: Cultures shot-m in t able 1 •·rere 

~hinned to five plants each after 46 days and continued on rotating tables for 

132 days. Res~~ts are given as sums of the 10 cultures in each trea t ment. 

i 1 Results after 178 da.ys 
; No. of 1 Condition of t a;p roots 

Troatment __j plnn ts ! 1 !• coch- j Other 
, i i after 1 J lioides ; types 

Inoculum 

A. cochlioides (pure 
do. 
do. 

·~ Phos::ei:ato l Wat er Levol 1 thinning I Sound ! rot ~ of rot 
' I I 

cultures) liigh : Optimnm 1 50 I 50 ! 0 I 
do. High l 50 ! 39 j 0 I 

0 
7 
0 
0 doe 

Debris from diseased plants 
do. 
do. 
5.o • 

Minimal C:ptimum i 50 I 25 1 9 I 
do. , High i 50 I 28 i 13 1 

High ' 'Optil:1UJ!l ! 50 : 37 i 2 I 
do • Ei gh I 50 I 4 3 ~· 1 I 

Ivlinimal Optimt1..rn 1 50 ! 35 6 I 
do. High [ 50 : 21 1 7 I 

' ! t • 

---...L.- i 

11 
6 
0 
0 

Dead 

0 
4 

16 
9 
0 
0 
9 
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