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In southern Alberta insect pests often cause serious damage 
to roots or Eol iage of sugar beets. Prior to til inning, fiea beetles, 
Phyllotreta spp., may cause serious defoliation. After beets are 
thinned the sugar beet webworm, Loxostege sticliealis (L.), the 
beet leaf miner, P egomya iJetae Curtis, and the spinach carrion 
beetle, Silpha bitu berosa Lee., may cause extensive damage to the 
leaves. The sugar beet root maggot, Tetanol)s myopaeformis 
(Roder), the red-backed cutworm, Eu x oa ochrogaster (Cuen.) , 
and the three wireworms Limoni'lls californicu.s (Mann.), Cten
icera destructor (Brown), and HY!Jolithlls bieolor Esch. attack the 
root and may kill young bee ts . There is little information con
cerning the amount of damage the plants can withstand or the 
level of protection required, and therefore the value of treating 
with insecticides cannot be adequately estimated beforehand. 

In England, Jones et al. (5)3 found that 50, 75, and 100% 
defoliation of sugar beets in the 4- and 8-l eaf stages reduced yields 
by 5, 10, and 270;0) respectively. 

In Montana, Morris (6) found that complete defoliation of 
sugar beets in late June or early July reduced yield by Yl and 
50% defoliation reduced yield by 1/ 6. Afanasiev et aZ. (I), work
ing in the same area, reported that up to 75% defoliation reduced 
yield of roots by amounts not exceeding 6% and yield of tops 
by amounts not exceeding 20%. Complete defoliation resulted 
in reductions in foliage weight of up to 80% and a 23 to 270;0 
reduction in beet yield. The greatest loss of: top weight occurred 
when plants 'were injured late in. the season. 

The following experiments were conducted to determin"e the 
effects of defoliation and of reduction of stand on the yields of 
sugar beets grown in southern Alberta so that the economic sig
nificance of damage caused by sugar beet insects could be assessed. 

Materials and Methods-
In 1960 and 1961 experiments were carried ol!t on irrigated 

land near Lethbridge. The soil was a sil ty clay loam with a pH 
of 7.7. Plots had been summer fallowed the previous year and 
each had received an application of ammonium phosphate (11
48-0) at 100 pounds per acre prior to seeding. The sugar beets 

1 Contribution from the Entomology Section, Canada Agriculture Research Station. 
Lethbridge. Alberta. 

2 Entomologist 
J Numbers in parenth eses refer to literature cited. 



VOL. 12, No. ;), OCTOBER 1962 193 

were seeded in rows spaced 22 inches apart at a rate of 6 to 7 
pounds of seed per acre, using a commercial shoe drill. In 1960 
seeding was done on May 9 but in 1961 the necessity of irrigating 
an abnormally dry seedbed followed by inclement weather delayed 
seeding until ~'fay 24. The stands were thinned to 120 beets per 
100 feet of row in 1960 and, because of reduced germination, to 
100 beets per 100 feet of row in 1961. 

After thinning the stand was divided into randomized blocks 
containing plots 35 feet long and 4-rows wide. In 1960 the 
t.reatments were replicated four times and the plots irrigated 
four times. In 1961 two tests were set out as follows: one, con
sisting of five replications, was irrigated four times during the 
growing season ; and the other, consisting of four repl ications, wa~ 
irrigated twice. In 1960,8 inches of irrigation water were applied 
to the plots. Tn 1961 the experimental area was irrigated with 
1 inch of water prior to seeding. During til e growing season the 
plots, irrigated four times, received 9 inches of water while the 
ones irrigated twice r eceived 4 inches. 

To determine the effects of defoliati on , treatments were car
ried out 45, 60, and 75 days after seeding. On each date 25, 50 , 
and 75 % of th e foliage of every beet in separate plots was re
moved. Transverse cuts were made through each leaf to remove 
the appropriate amount of leaf area. The effect of stand density 
on leaf- and root-yield was determined by removing- every second 
or every fourth beet in other plots 60 days after seedinQ,·. 

In 1960 flea beetles were controlled with insecticides. In 1 g6 J 
the sugar beet root mag'g'o t was found for the first time in beet 
plots at the Research Station. Beets that were attacked by this 
pest were removed together with the adjacent soil and replaced 
with healthy transplants at the same stage of development. 

Each year, harvesting was carried out early in September he
fore the tops 'were frozen . Immediately before harve~t the rows 
were trimmed to 25 feet and the whole pInt harvested. Th e 
foliage was weig-hed immediately in the field. Tbe roots were 
washed and weighed and then sampled with a multi-sa,,,, rasp for 
sugar determination. 

All data were compared at the S°lo level of significance by 
a multiple range test (3). 

Results 
When plots were irriga ted four times during the growing 

season defoliation did no t cause significant differences in foliage 
yields (Tables 1 and 2). A significant reduction in yield of: foliage 
occurred only where the stand was reduced by 50%. 

In 1960, 75% defoliation 60 days after seedjn~' resulted in a 
yield of roots significantly lower than those of the check plots. 

:. 
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Table I.-Effect of defoliation 0'· stand reduction on yield of foliage, roots, and sugar of sugar beets, Le thbridge, .Uterta, 1960 . 

No. of 
beets Foli .. ge Roots Sugar 

( 100 row (Ib, (lb! ( Ib! 
Treatment ft) Treaunenr plot) Treaunent plot) Treaunent plot ) 

25 % defoli ation (45 days) 

50% defoliation (45 clays) 

75% d efol iati o n (45 clays) 

25 % defoliation (GO days) 

50% defo liation (GO da)s) 

7'; % defoliation (60 da ys ) 

25 %) stand reduction 

:')0% stand reduCtion 

25% cleCol iati o n (75 days) 

50% defo liation (75 days) 

75% defoliation (75 days) 

Check 

119 

123 

119 

I~I 

119 

122 

9'1 

61 

121 

]21 

123 

120 

25 % defoliation (45 clays) 

75 % c1e foli ,l( ion (75 da)s ) 

50% defo liation (45 days ) 

50% defo li ation (60 da ys) 

25 % defoliation (75 da ys) 

75 % d efoliation (60 cla ys) 

75% defoliati on (4'> clays ) 

Check 

25 % defoliation (tiO rla)s :, 

'\0% defoliation (75 Jays) 

25% stand reduction 

50% stand reduction 

262. 1 

257.8 

257.3 

249 .1 

248.'1 

244.8 

240.9 

239.2 

222.8 

221.3 

217 .1 

176.0 

25 % stand reduction 

25 % defoliatio n (45 d ays ) 

50% stand reduction 

50% defoliation (45 days) 

25 % defoliation (75 c1a),s) 

Check 

50% defoliation (60 days) 

75% defoliati o n (75 da) s ) 

50'10 del'ol ia tion (75 days) 

25% defoliation (60 da ys) 

75 % defol iation (45 days) 

75% defoliation (60 days) 

1 Means connected by th~ salTle vertical line are not sign ificantl y different at P .05. 

195.8 

190.6 

185.-" 

18'1.8 

182.0 

180.8 

1785 

173.4 

170.9 

170.6 

1685 

159.3 

25 o/() stand reduc ti on 

25 % defoliation (45 da's) 

25% defoliation (75 davs) 

Check 

')0% defoliati on ( 4(, da ys) 

50% sland reduoioll 

50% defoliation (75 da,s) 

75% defoliation (45 days) 

:;0% defo liati o n (60 days) 

25 % defoliation (60 davs) 

75% defu liation (75 da ys ) 

75% defoli a tio n ( 60 days) 

25.8 

25. 3 

25.1 

24 .4 

24.0 

23 .;') 

23.2 

23.0 

23.0 
22 .5 

22.5 

21.6 
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However, the yields of roots from plots 'where the number of 
beets had been reduced from 120 1'0 94 were si~nificantly high er 
than wh ere the plants had been defoliated 2J <j'o at 60 days, 50<;0 
at 60 and 75 days , and 75 % at all dates after seed ing. It appears 
that under the growing conditions encountered , 94 beets pcr plot 
more closely approached an Gp timum stand than 120. 

In 1961 at the high er level of irrigation a 50~ reduclion ill 
stand resulted in a significant decre<1se in root yield. Root yields 
from plots in which beets had been defoliated 25% at 60 days, 
50% at 45 days, and 75 % at 45, 60, and 75 days after ~eedin[l: were 
also lower than those from the check plots (Table 2). It should 
be noted that the check plots contai ned an average of 9~ heets 
in 1961, which ,vas almost th e same as th<lt of the stand that had 
been reduced by 25% in 1960. 

A comparison of the total numbers of heat units ' hetween the 
various dates of defoliation and harvest in 19fiO and 1961 is show n 
below : 

No. of heat units between 

Total no. of each defoliation and harvest 

heat units/ First Second Third 
Year growing season (45 days) (60 days) (75 days) 

1960 1637 1335 1128 793 
1961 1830 1037 767 ') 12 

The shorter growing periods available to plants for recuvery 
from defoliation in 1961 may account in part for the en hanced 
effect of defoliation on yield of roots. 

At the lower level of irrigation there were no sig;nificant dif
ferences in yields of roots regardless of treatments. Beets irrigated 
four times, however, produced greater yields of roots than did 
those irrigated twice. With th e two additional applications of 
water, yields in the check plots 'were increased by 60.7 pounds 
per plot (54.9%). 

There were no significant differences in percentage sugar 
among treatments at any level of irrigation. Tn 19(il, however, 
percentages of sugar were higher at the lower level of irrigation. 

In 1960 yields of: sugar from check plots (120 beets per plot) 
were significantly higher than those from plots defoliated 75% , 
60 days after seeding. Yields of sligar from plots in which beet 
stands had been thinned by 25 % (94 beets per plot), however, 
were significantly higher than yields from stands subjected to 

" One heat unit is one d egree abo\'e 50 0 f for 9.4 hours and is based on th e m eZlI1 of 
24 hourly temperature read ings . 



Table 2.-E'fe t: ls o{ defoliatio n 01' stand reduccion at two lc:\'els ot "irrtgalioll ell yield of f(,liag-e, roo IS , alld sugar of Sllg<H I:Ct: lS, Lcthlnidgc, 
~ 

Alherta, 1961. Co 

No. of 
beets Foliage Roots Suga.· 

(100 ro"" (Ib/ \ Ib / (Ib/ 
Trca lm ellt et) Treatlllcllf plot) Treatment plot) Trcalmenl plot ) 

25 % defoliation (4:) da ys) 

50% defolia ti o n (45 d ays) 

75 % defoliation (45 clays ) 

25 % defoli a tion (60 days) 

50% defoliation ( 60 da)'s) 

75 % clefoliation ( 60 da ys) 

25 % stand reducti on 

50% stand red lICl ion 

2;; % defoliation (75 da is) 

50% defo lia ti on ( 75 cla)'s) 

75~l de fo li a ti on ( 75 da ys) 

Check 

25 % defoliation (45 da),s ) 

50 % defol ia ti o n (45 days) 

Ti % d cfol iati o n (45 days) 

25 % defol iation (60 da ys) 

50% defo li a tio n (GO da ys) 

75 % ddoliati o n (60 da ys ) 

2;)(:10 stand reducti on 

50%) s tand reduction 

2,-, o,~ defoli ation (75 da ys ) 

50<10 defoliation ( 75 da ys) 

75°/c) ci efoli :1 ti oll ( 75 days) 

Ch ec k 

90 Check 

90 25% defoliation (~5 da~ s) 

05 25 % defoliation (75 cla ys ) 

90 50% clcfol ia t io n (60 d ays) 

93 25 % defoliation (60 cla ys) 

98 50% del'o!iation (45 da ),s) 

73 75 % de:'ol iat io n (45 da ys ) 

52 75 % d efol iatio n (75 days ) 

96 50% defoliati o n (75 clays) 

96 75% defoliation (GO days ) 

95 25 <j~ stand reduct ion 

93 50% stand reductioll 

97 Ch eck 

99 25% d efoliati o n (60 clays) 

98 25 % defoliatio n ( 75 c1 a ),s ) 

98 50% defoliation (45 da ys) 

100 25 % d efolia ti on (45 da ys) 

101 75 % defoliation (60 cla ys) 

7S 25 ~1o stand reduction 

54 ,,00;;, defoliation (60 da ys) 

97 50% d efo liiltion (75 da )'s) 

95 75% d efoli ation (45 da ys) 

96 75 °:) ddolial ioll (75 days) 

96 50 0,{, Sland rcduct ion 

Fun,. A/)I)/ic.'

2S I .S 


2S0.9 


27S. 1 


27 1.S 


26S.S 


268.7 

264.0 

262.6 

254.9 

248.0 

217.2 

202.0 

ations of Wate,. 

C h eck 

25% defoliation (75 da ys) 

25% d efo li at ion (45 d ays ) 

25% stand red ucti on 

[)O % defoliation (60 days) 

50% defoliation (75 da ys ) 

25% d efo li at io n (60 da ys) 

50% defoliati on (15 da ys) 

75 % d efo l ia tio n (45 days) 

50% sta nd reduction 

75% defoliation (60 da ),s) 

7"> % d d oli atio n (75 clays) 

Two ,41)plii'lltiollS of Water 

204.4 

203.0 

196.1 

183.9 

182.7 

17S.!) 

175 .3 

172.S 

Hi8. ·1 

167.S 

16 1.1 

127.0 1 

25% d efoli a tion (60 d a)'s) 


25% cl efo l ia ti o n (45 days) 


C h eck 


75 % clefoli at ion (45 d a ys) 


25 % c1efoliatio n (75 d ays) 


75 % c1efol iation (60 da ys) 


50% defoli at ion ( 60 da ys) 


:)00/0sta nd reduction 

75% defoli ation ( 75 d a ys ) 

!iO o,;;. de fo li at ion (45 da ys) 

25% sta nd reduction 

:)0"1;, defoli ation ( 75 da ys) 

17 1.2 

IGS. I 

165.3 

159.4 

159 .0 

1:)8.S 

1;) 7.2 

154 .5 

149.6 

149.5 

145.0 

142.8 

120.', 

11 5.5 

110.5 

IOS.5 

106 .0 

100.0 

99 .3 

97 .S 

97. :1 

97 .1 

96. 8 

96 .S i 

Check 


2'>'/ 0 dcl'oliation ( 75 cla ys ) 


25% defoliation ( 45 ,1;" , ) 


25% clefo liation (60 dal's ) 


250/0 stand reduction 

50% defoliation (GO da ) s ) 

50(10 sta lld reduction 

50% deroli at io n (75 da\ s) 

50% defoliation (45 days ) 

7:)'10 d ( foliation (75 d ays) 

75% d efol iation (45 da ys) 

75% defoliation (60 clal" ) 

25°7,. defoliation (45 da),s ) 

2:)% defo li at ion ( 60 days) 

7:)0/0 defoli a tion (45 dal's ) 

Check 

25 % tldoliation ( 75 d a \ s) 

. 50% defoliation ( 75 cla l's) 

:)0%) sta nd reduction 

r)o% clefoli a tion (45 da )s ) 

50% defol iat ion (GO da ys ) 

7:)% clefol ia tion (60 cla,'s) 

75% defoli a ti o n (75 <1,,'s) 

25 o/~ stand red lI Cl ion 

19.G 

192 

18.8 

17 .7 

17.2 

17. 1 

16 .9 

16.9 

16.5 

W.O 

15. 7 

1'>.4 

16.4 

15.7 

14.9 

14. 1 

HL8 

1:\.1 

13. 1 

13.0 

12.9 

12 .9 

12.2 

12.0 
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1 i\ fcans co nll ccted by lh e sam e \'en ica l line are nor significan tl y di fferent at P .05. :-l 
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dcfoJiallOl1 a I 

7 ddoliatioll at 
days after seeding', 

flO 
and 

at GO and 7) davs. 
reduction at fjO 

In 19G1, at tbe h 
check plors beets 
yields frol1l slanels rCllllccd 
LO dernl i;ll ion 
;tI 

:!:J 
lower I han tho:>c or 

, yields of sugar rlOlll 

significantly highcl th~!ll 
O[ frolll beets 51! 

and 
from heels delol ialed 

were 

"\l the lower le\el of 
[erenel's in of sligar. 

lOn I here \\ere' 110 ' die 

It is c,iclent tbal al h levels of defolialion may 
have an eiicel 011 yield heelS. Its importance \1 ill vary ",jIll 
extent of injury, stage of plant at time of injury, 
gTC\\ing conditions immediately joHow injUlY, and lellgth oj 
gTmnng season, 

Results in ]9G] indicated tilal at the lowCl level of irrigation 
deloliatioll or stand reduction seemed to have no a(l\erse eHect 
on plant gr()\\lb, During the hot weather that prevailed at time.'> 
tilt' defoliated plants prohably benefited !'rom reduced lranspira
rl(;n while eacb beet in the tilloned stands would have access to 
more moisture and nutriellts and increased I 

tlUll could C'ven lI1Creas(' ol corn. 

\\';tlsun (S) reported that the rate or production 
w;.;ar heets apparently increases a~ the leaf-area index (leaf 

a per uuit area oj land) increases until an "aluc is 
reached,\s the illdex mcreases further the rate of Illatter 

will declille, probably because the lowermost 
~() hea\ily shaded at high leaf-imlex lhat their 

ie (unnibuliOll is less thall IIlei1 1011, 

slaled thaI the luiJ cOlllplement or leaves fumt iuns 
,;ll low elliciency and he used the re~lIlts o[ nthn 
workers that the first !e;l\CS lost are 
rCIll()\ al less to t he plant than further 1Il
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crements of defoliation. As more leaves a re lost those remaining 
function more efficiently and their loss is more detrimental to the 
plant. He also reported that losses in yield are greatest when 
plants are defolia ted in midseason. At this critical stage the 
toliage has not yet served its photosynthetic function, yet it is too 
la te for a new set of leaves to be produced to compensate for 
those lost. 

The results of the present experiments indicate that sugar 
beets are able to recover from light to moderate defol iation or 
stand reduction with no decrease in weight of tops and with little 
or no decrease in yields of roots and sugar. It app.ears that an 
insect infestation causing 25 <,70 or less defoliation of beets general
ly will prove to be of no economic importance. During late June, 
July, and early August an inFestation should be controlled if the 
beets are defoliated 50<,70 or more. Even when the leaves have 
been subjected to 75<,70 defolia tion it is still possible to obtain a 
reasonably good crop. 

The results of .stand reduction indica ted that in the Leth
bridge area 90 to 100 beets per 100 tee t of row were probably 
closer to an optimum stand than 120. A relatively uniform re
duction of stand to as low as 61 beets per 100 feet of row gave 
a yield as high as that from 110 to 120 beets. T hus, where stands 
are lowered due to insect feeding or o ther factors such as poor 
seed germination or phytotoxicity from the use of insecticides or 
fertilizers, it would seem advisable to leave any reasonably uni
form stand containing at least 60 to 65 beets per 100 feet of row 
rather than reseed the field. 

The results also indica te tha t there would probably be no 
increase in yield from controlling insect infesta tions if moisture 
'were a limiting factor in the development of the suga r beet crop. 

Summary 

To simulate insect injury sugar beets were defoliated 25, 50, 
and 75<,70 at 45, 60, and 75 days after planting. Yields of roots 
and tops of defoliated plants were compared with those of un
defoliated plants grown at the same stand density and also with 
those of uninjured plants from stands thinned by 25 and 50<,70. 

Yields of foliage were the same for all treatments in plots 
irriga ted twice during the growing season and were lower only 
where stands had been reduced by 50<,70 in plots irrigated four 
times. 

In 1960 in plots irrigated four times 75 <,70 defoliation 60 days 
after seeding resulted in reduced yields of roots. In 1961 yields 
of r oots from plots irrigated four times were significantly reduced 
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when beets were defoliated 25 % at 60 days, 50% a t 45 days, or 
75% at 45 , 60, and 75 days after seeding. Decreasing stand by 
50% in J961 a lso reduced yield of roots. At a lower level of 
irrigat ion the defolia tion and thinning treatment had no effect 
on root yields. Root yields from check plots irrigated four times 
during the growing season were higher by 60.7 pounds per JOO 
feet of row than those from check plots irrigated twice. 
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