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section  i .  im m m asion

Red clover I s  art important plant In tho agriculture o f Maryland. 

Seeded with timothy* I t  occupies a major portion o f that part o f tho 

s ta te 1 s  cropland acreage which Is  used for tho production o f hay* Being 

a legume, i t  la  important as a souroo o f nitrogen in  the s o i l ,  in  addition  

to  improving the quality o f tho hay eropj and being a b ien n ia l, i t  f i t s  

exceptionally w ell in to  tho commonly used three-year rotation of com , 

small grain, and hay *

I t  i s  obvious, therefore, that fa ilu res o f red clover stands such as 

occurred in  1%7 end 194S, can cause serious le sse e  to  the farmers o f the  

state* This study was undertaken because o f these lo s s e s , and deals prizt* 

c ip a lly  with the management practices used in  handling the stands through 

the seed ling year, esp ecia lly  a fter  combining o f the sm all grain crop#



SBCTI0H II * LIT BATHES EEtlM

Red clover was introduced in to the United S tates over 200 y e a rs  ago, 

hut u n til recently, very l i t t l e  sc ie n tif ic  work has been done on manage* 

ment practices fo r  seedling stands* P ieters (6) ,  in a U*S*D*A* Farmers 

B u lletin  on red clover culture published in  1921, devotes only the follow ­

ing short paragraph to  the subject*

When seeded with a grain nurse crop no sp ecia l treatment 
i s  given the clover the f ir s t  season* I t  develops In the stub­
b le a fter  the grain has besn cut and occasionally may afford  
some pasturage in the fa ll*  I f  the la te  summer be esp ecia lly  
favorable su ffic ien t growth may be made for a cutting of hay, 
and in  some cases a crop of seed has been secured* The stand, 
however, Is  lik e ly  to  be injured fey the cu ttin g , and I t  Is  
usually best to c lip  back the growth to  check th e development 
of the plants* ffhezi seeded in the fa ll in  com  or with rape 
one or two crops may be expected the next season* I t  i s  usual* 
ly  not advisable to  pasture spring seed lings the same season 
with sheep or hogs, as they are lik e ly  to injure the young 
plants* Pasturing with c a ttle  i s  le s s  injurious*

In a farther discussion of red clever as pasture, he advises against

close early pasturing and also  against too close gracing in  the f a l l ,

sta tin g  that*

The plants should rather be allowed to  go in to  the winter 
with some growth upon th e crowns in  order to  prevent w inter- 
k illin g  and a lec to  enable them to store up m aterial in  the 
roots for m  early vigorous growth the follow ing spring*

As reasons for  clover sickness or clover fa ilu re  he c ite s  s o il  ex­

haustion, improper methods o f seeding, nurse crops, etc* , u n fit seed, 

d iseases, and improper treatment the f ir s t  autumn*

Fergus (1 ), in  1931# makes m  mention of seedling year management 

practices in  h is analysis o f clover fa ilu re  in  Kentucky* He considered 

w interk illing  to be the principal cause of fa ilu re  and stated  that “At­

tempting to grow unadopted clovers, therefore, i s  the fundamental cause
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the combine had been used to  harvest the small grain* In 1938, question­

naires sent to  mm£y agents in  western Ohio revealed that there was sen** 

siderable d ifference o f opinion as to  whether combined straw le f t  on the  

f ie ld  was b en efic ia l or detrim ental to the c lo ser  stands*

Of informal e ^  crimen ts  conducted during 1939# 1940, and 1941, they 

wrote* wCutting the stubble Immediately a fter  combining and removing 

straw, stubble, hay, and weeds never resulted  in  damage, contrary to the 

alleged •p rotective1 e ffe c t o f the straw on legume seedlings*# th e ir  ©b~ 

serrations indicated that higher y ie ld s o f b etter quality hay were obtained 

from p lots which had been clipped and the m aterial removed# They a lso  ob­

served that clover in  the clipped p lo ts withstood a severs dry sp e ll bet­

te r  than that in  arses from whlbh the strew was not removed*

Mine d ifferen t management treatments tsere studied from 1943 to 1945 

and the resu lts substantiated the previous observations* In addition , i t  

was found that in  la te  August of the f i r s t  year, a second cutting could 

be made, which yielded about 1500 pounds o f clean clover hay per acre, 

and did not injure the stand*

On the b asis o f these observations and experiments, W illard, Thatcher, 

Dodd, and Jones {13} recossaend that a fter combining, the stubble should be 

clipped low and a ll  m aterial removed* I f  excessive growth develops during 

the summer, i t  should be removed for hay by September 1* Following binder 

harvest, they reeemended clipping mice about th e middle o f August* f  hey 

also  suggest pasturing the new seedlings in  early summer i f  the stock are 

removed as soon as the growth i s  graced down*

Greathouse and Stuart (2 ) noted the importance o f building up and 

m inta in in g  a high le v e l o f reserves, esp ecia lly  sugar, in  red clover  

roots* They observed that many clover plants died in  early spring, a fter  

growth had started , and from analyses made in  early spring, they concluded
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in  July and the s ix  week treatments sere made from the tw elfth  to  the 

tw enty*fifth  o f August# th e half bloom treatments sere made at the end 

o f August and th e September treatments were made from the tw en ty-first to

the twenty-fourth of September* the la s t  treatments were made during the 

second week of November*

D ifferences in  growing conditions at the various location s were taken

in to consideration when planning the order- in  which location s should be

treated#

P lot Layout* During the f ir s t  year that the t r ia ls  were run* f ir e  

replicate®  were used and the sixteen  treatments were arranged in  f iv e  ran** 

demised complete blocks, and for these blocks a 1  x 16 arrangement was 

used* the t r ia l area was la id  out in  a sin g le  large block with no spaces 

between sin g le  p lo ts or between rows*

In the second year there were four rep lica tes, and a 4 x  4 arrange­

ment was used for the randomised complete blocks* The tr ia l area was la id  

out In four rows of plot® with three foot a lle y s  maintained between the 

tewe in  order to prevent tramping or otherwise disturbing adjacent p lo ts  

when treatments were made#

The e ls e  o f  individual p lo ts was 10 x  20 feet* A ll p lot com ers

which lay along the perimeter o f the over-a ll t r ia l area were marked with

brick®, which were se t flush  with the ground surface so as not to  in terfere  

with machinery* P lot areas were fenced idiere necessary to  prevent grassing 

by livestock * A ll f ie ld  data were recorded d irectly  onto mimeographed 

copies o f  the p lo t designs*

Freoedqree and Mmismmk* A ll mowing was dene with small power mowers 

o f the front mounted reciprocating cu tter bar type* These machines cut a 

three foot swath and were adjusted so that they cut at a height o f approar*
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im ately t«o inches.

i t  the time o f harvest o f the f i r s t  sot o f p lo ts in  1949# eighteen  

inches were co t o ff  each sod o f each o f tho p lo ts and a throe foot str ip  

or on area o f 51 square fe e t was harvested from the center of each plot*

In tho harvest o f tho second se t of p lo ts  In 1950, the three foot 

a lle y s , Vhich had been included in  the p lo t layout, were mewed, and a 

three foot str ip  or an area o f 60 square foot was harvested from the ooa» 

te r  of each plot*

In the seedling year treatm ents during 1948, f ie ld  weights were taken 

for the f u l l  200 square fe e t from a l l  the p lo ts where the treatment ca lled  

for cutting and removal o f growth. In the seedling year treatments in  

1949, f ie ld  weights were in  general taken for a three foot s tr ip , or 60 

square fe e t , except where growth was ligh t#  In which case the weight* were 

take® for the fu ll  200 square fe e t .

Immediately a fter  cutting# m aterial to  be removed was raked and then - 

weighed to the nearest one tenth pound. Growth cut and le f t  was not 

weighed.

' Moisture samples were taken o f a l l  m aterial in  the hay crop harvest 

and a l l  m aterial cut and removed in  seedling year treatm ents. In 1948 and 

1949# composite weepies o f each treatment at each location  were brought to  

the U niversity farm in  rubberised bags, the m aterial m s put through a 

small forage chopper and 200 to  300 gran samples were dried in  a forced 

draft oven for 36 hours at 60° to  70® C»

In 1950, as each p lo t was cut and weighed a l |  to  2 pound sample 

was put Into a cloth  bag and weighed in  the f ie ld  to the nearest gram. 

These samples were placed in  a com dryer at the farm for several days 

fo r  preliminary drying, and were then placed in  the forced draft oven for  

four to  f iv e  hours at 60° to  70° 0*
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fungi cultured and iso la ted  * F ield  inspection for Fus&rium involved se e -  

Honing tho roots and crown of plants dug at random from, the plots* In 

the spring o f 1950# the p lo ts at one location  were sprayed with chlordane 

to  control s p it t le  bug because an unusually heavy in festa tio n  threatened 

to elim inate the clover from the plots*

I t  was noted in the f a l l  and early winter that f ie ld  mice tended to  

concentrate in  the p lots where heavy cover was present and to stay out o f 

the p lo ts nhere cover was lig h t . The damage from f ie ld  mice feeding on 

the crowns ©f the clover plants was not uniform for a ll  treatments* and i t  

was f e l t  that migration into the p lo t area from the surrounding clipped  

f ie ld s  had occurred* Therefore# the mice were controlled  with a phospho­

rus poison dusted onto apple s lic e s  which were placed in  the runways*

To determine root storage o f to ta l availab le carbohydrates and n itro­

gen# samples were dug from selected  p lo ts in  December o f each year. These 

p lo ts ware those receiving treatments 1# 3# 6# 7# 10# 13# 15# and 16*

As soon as possib le a fter  the roots wore dug# they were washed thor­

oughly and autoolaved under f iv e  pounds pressure fo r  f ifte e n  minutes to  

k i l l  the plants and prevent lo ss  o f carbohydrate by respiration  or eoaymai** 

ie  action . Top growth was then removed# the crowns and roots dried# and 

the number o f roots and the dry weight fo r  each ©ample was noted. The 

dried roots were ground in  a Wiley m ill with a 40-mesh screen and were 

stored In a ir tig h t b o ttles  u n til analysed.

Total availab le carbohydrates were determined according to  the method 

described by Weinman (10# 11) * Commercial takadiastase# purchased In the 

lo c a l drugstore# gave good resu lts with low blank values a f ter  being di&- 

lyzed in  a cellophane bag in  running tap water for four days.

D uplicate analyses were made o f each sample and two aliq u ots were 

taken from each duplicate to  be reduced by Fehllng*© so lu tion . Wheti war*



13

than  on® percent v a r ia tio n  m s  obtained among the values th e  an a ly sis  was 

repeated*

■ n itrogen  mis determined by the edero-kjeldahl method* using a  Kemmerwr** 

I la ll^ t (5) s te aa  d i s t i l l a t io n  flask#- Complete d irec tio n s fo r  the analysis 

were fam ished by th e  H orticu ltu re  Department ■ of the  U niversity o f Maryland* 

and included m odifications involving co llec tin g  the  ammonia in  b o ric  acid  

and using brom c reso l gresn-methyi red combination Indicator in  th e  t itr a ­

tion* ..Duplicate analyses were made utiieh were required to be w ithin f iv e  

hundredths of one percent#
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Stand Counts* The average number o f rod ©levtr. plants par square 

foot fo r  eaeh treatment' fo r  tho throe counts mMm during 194S-1969 a rt 

ehowi in  Table l f and fo r  the oight counts node during 1949~1950 in  

Table 2*

fa ille  1* Sod clover stand eounts made in  1940-49<

Plant# per a<pare fo o t j /

1 7*0 4*5 3 .0
2 6*0 4*6 2*6
3 9*0 0*6 3.9
4 0*4 6*7 3*3

5 0*1 6*3 3 .3
4 0*7 7 .6 3*5
7 10*7 9 .0 4*9
a 10*3 9*0 4*4

9 7*9 7*1 3*4
10 9*0 0*7 3 .7
IX 7*4 4*6 2.5
12 6*2 5.7 3*2

U 12*1 11*0 5 .7
14 10*9 9*1 4*0
15 11*0 0 .0 4*0
16 13*5 11*1 5.2

3 /  Averages o f 2D p la te  per treatment (5  rep lica tes ar 4 locations)*
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Table 2* led clover stand counts made in  1949-50*

T rea t-  Average gate  of Count
ment JuTT” lug^ 3epT Oct*' itevT KB* Apr"* S
No# 21 16 13 8 2? 12 10 25

p lan ts  'per square ' .....

1 21*1 13*1 10.4 7*7 5*1 4.6 3.8 2 .0
2 19*4 15*6 10.4 6 .9 4*7 4*3 3*9 2 .2
3 19.3 15.3 10.4 8*1 7.0 6.5 5*7 2.8
4 19.8 15*1 10.4 7*4 6 .0 5.5 4*6 2.5

5 20*4 11.2 11*0 7*4 5*8 5*2 4*4 2 .2
6 18*8 16*8 12.8 9*4 6*8 7*1 6*0 3*3
7 19*1 16*9 13*4 10*8 9*0 6*9 7*4 3.5
3 20.4 16.? 12.8 9*8 7 .4 6.8 5*6 2*6

9 20.4 12.6 10.4 9*2 7*4 7*2 5*7 3*1
10 20*4 13*4 14.2 11*9 9*1 9*4 8*0 3*4
U 22.6 13*0 10*6 7*6 5*6 4*6 3.6 1*9
12 21*4 12.S 9*2 6*6 5*2 4*6 3*7 1*9

13 20*9 i?*s 16.0 13*0 11*6 10.8 8.8 4*5
14 20.3 16.7 13.0 10.5 8 .5 9*1 7*5 3.6
15 19*? 13*4 13*0 11.0 8 .6 9*0 7*4 » 3*8
16 21*4 15*4 12.4 10*4 9 .0 6*6 7*7 3*3

]lJ  Averages of 16 p lo ts per treatment (4 rep lica tes at 4 locations)*

Table 3 shows the treatm ents lis te d  in  descending order according

to the number o f plants per square foot for the counts made in  1948-1949* 

and for the counts made in 1949-1950 from October through dune* Valid 

comparisons among a l l  treatments cannot be made prior to  October because 

the e ffe c ts  of September treatments mould not be apparent fo r  a t le a st a 

month* The fact that treatments 11 and 12 mere not made u n til November 

can be disregarded in  October comparisons inasmuch as these treatments shea 

made shewed no sig n ifica n t e ffe c t cm subsequent stand counts*

This tab le shews that even though th e re la tiv e  p osition  of most o f the 

treatments varied fmm month to month* certain  treatm ents, namely ?# 10*
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13, 14, l$ f and 14* were always within the upper half while another group, 

namely 1 , 2 , 4* 3* 11* and 12, were always w ithin the lower half* the re* 

m ining treatm ents, % 6 , 8 , and 9# were about average between the other 

two groups*

fa b le  3# Management treatments by number lis te d  in  descending order 
according to  number of red clover plants per square foot 
on dates indicated .

Average Bate of Count

0et*
_ 3 - ...-..

Apr*
- ..11 -...

<Jml*
_... 2....... ....... ^ ..

Oct*
8 ■

KOV* Feb*
12,

Apr*
10

dm
, *B

Treatment lumber

1 16 13 13 13 13 13 13 13
2 13 14 14 10 10 10 10 15
3 15 7 7 15 7 34 14 14
4 14 14 S 7 16 15 14 7

5 7 $ 14 14 15 7 15 30
4 8 15 15 14 14 34 7 14
7 10 10 3 8 9 9 6 6
8 3 3 10 6 8 6 9 9

9 6 6 6 9 3 i 3 8
10 4 9 4 3 6 3 8 3
U 5 4 9 1 4 4 4 4
12 9 5 5 11 5 5 5 5

13 11 12 12 4 11 n 2 2
14 1 11 1 5 12 i 1 1
13 2 2 2 2 1 12 12 U
14 12 1 11 12 2 2 11 12

Analyses o f variance o f the October and April stand counts for th e  

two years are shown in  Tables 4 and 5« High sign ifican ce was obtained in  

a l l  oases except between years fo r  the October count*

The high s ig n if ic  nce for blocks and for location s indicates that 

factors other than the management treatments used had considerable e ffe c t
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on stand survival* th e  h i #  sign ificance  shown fn r  the  treatm ent by loca­

tio n  and treatm ent by year in te ra c tio n s , in d ica tes  th a t  these  o th e r fan* 

tors*  such as s o i l  type* f u t i l i t y *  m oisture, o r  seed com petition, urtiieh 

varied between blocks and esp ec ia lly  between lo ca tio n s , had sons influence 

on the  r e la t iv e  e ffe c ts  o f  th e  treatm ents used* However* when th e  aale*» 

la ted  F values fo r  the in te ra c tio n s  a re  compared to  th e  ca lcu lated  f  values 

fo r  the  treatm ents themselves* I t  I s  obvious th a t  these  in te ractions*  even 

though h i # l y  s ig n ific an t s ta t is t ic a l ly *  a re  of re la tiv e ly  small p ra c t ic a l 

importance, ©specially in  the April counts*

The fa c t th a t the  d ifferences between year© were not sign ifican t l a  

October* bat were highly s ig n ific a n t in  April* r e f le c ts  th e  influence of 

th e  winter weather on stand survival* The w ittier o f 1948-1949 was re la ­

t iv e ly  mild w ith an ea rly  spring and l i t t l e  lo ss  o f stand* while th a t of 

1949-1950 was characterised by as extended warn period in  February* fo l­

lowed by severe cold and dry weather* which caused considerable reduction 

in  stand a t  the Montgomery and Frederick county locations*

Table 4* Analysis o f variance* Bed clover p lan ts  per square foot f o r  
six teen  treatm ents in  October 194$ and 1949*

iouree ........Itdt#....:......... ........................ . M*3*

Total 985*239 560

Slocks 49*504 28 1*768 4.33 **

Treatments 193*741 15 12*917 31.66 **
location s 439*407 6 73*235 179.50 **
fears 449 1 469 1.14

fr* x  too* 115*266 90 1*281 3.14 **

fr# x fr* 21,469 15 1*431 3.51 **

ISyroF 345,361 405 408
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fa b le  5* Am!#*As o f Vartan$s* led clever plants per sqpare foot fo r  
sixteen  treatments In April 1940 ***6 1950*

Source S»3* 8*F* K+S* F* (cale*)

to ta l 638,994 560

Blocks 55,206 28 1,972 6.99 **

Treatments 214,363 15 14,291 50.68 «*
locations 126,580 6 21,097 74.81 **
fear® 51,309 1 51,309 181.95 «*

Tr* x hoc* 64,870 90 7231 2.56 **

Tr* x  Tr* 12,279 15 819 2,90 «*

Brror 114,387 405 282

fa b le  6 shows the  two year treatm ent average* of p lan ts  p er square 

fo o t fo r  October and fo r  April* arranged in  descending order* Hie le a s t  

s ig n ific a n t d iffe rence (l#3*D#) between treatm ents f o r  October i s  0*93 

a t  th e  f i r e  percent level* and 1*22 a t  th e  one percent level* and fo r 

A pril i s  0*?8* and 1*02 respectively*

From th e  standpoint of hay yield* A pril i® th e  more important o f the  

two months* Spot checks and p a r t ia l  counts made during May In d ica te  th a t  

th e re  i s  very l i t t l e  lo ss  of stand once growth i s  w e ll s ta rted  in  th e  

spring*

Coi^arison o f th e L*5*D* with the d ifferences between treatments in  

A pril shows that 13 with the highest stand count i s  s ig n ifica n tly  b etter  

than 16 which has the second highest count* Treatment 16 is*  in  turn* sig ­

n ifica n tly  b etter than 7 which ranks third* Treatments 7* 10* 14* 15* 

rank from third to  sixth  respectively  and there are m  s ig n ifica n t d iffer*  

cnces among them* A ll o f th is  group ere sig n ifica n tly  b etter  than treat**
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rama eighth, and la  highly sig n ifica n t over 6 , which ranks ninth* I t  

should be noted that with the exception o f 0 , which has the growth le f t  

at the second clip p in g , a l l  o f these nine treatments beet In relation  to  

stand count, c a ll for one or more clippings with removal o f the mowed 

growth*

fab le  6* two yeaf average stands of red clever In October and April*

Wanif
meat

plants per 
SQ* ft*

friSt**
west

Plants per 
sq* ft*

1 13 •12*55 13 10*30
2 16 11*95 16 9*40
3 15 11*00 7 0*60
4 7 10*75 10 8.35

5 14 10*70 14 8.30
6 10 10*45 15 8*10
7 8 10*05 8 7*30
S 6 9*05 3 7*15

9 3 8*55 6 6*80
10 9 8*55 9 6*40
11 4 7*90 4 5*65
12 5 7*75 5 5.35

13 11 7*50 12 4*70
14 1 7*35 2 4*25
15 2 6*85 1 4*15
16 12 6*40 U 4.10

UP at 5% le v e l 
at IS le v e l

.93
1*22

L*S*0* at 5S le v e l 
a t 1$ le v e l

*78
1*02

fie ld s*  ta b le  7 shows the average treatment y ie ld s a t the f ir s t  se t*  

tin g  for each year, and for the two years combined,  arranged in  descending 

order* the le a s t  s ig n ifica n t d ifference between two year- averages Is  166
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at the $% le v e l and 218 a t the 1$ level*  Comparison o f these le a s t  sig n ify  

leant d ifferences shows no sig n ifica n t differences among the f ir s t  six  

treatm ents, 16, 7 , 13, 10, 8, and 3$ in  th at order* Only the f ir s t  two#

16 and 7 , are s ig n ifica n t over 14 which le  in  eighth p osition . I t  should 

be noted that th is  group o f treatments i s  id en tica l with the eight highest 

treatments in  the April stand count, even though they ere not in  the same 

order*

Table 7* Dry weight y ie ld s o f red clover for f ir s t  cutting a t a l l  
locations* Treatment averages fo r  each year and fo r  two 
years*

_— p & g d ti   . p a p . ___-  2 t w
Back tr e a t- lbs* per Treat- Lbs* per tr e a t- Lbs, per

1 7 1680 16 930 16 1270
2 16 1620 14 7 1270
3 10 1610 13 860 13
4 13 1560 7 850 10 1x90

3 3 1520 8 810 8 114a
6 8 1470 15 800 3 1130
7 15 1360 10 780 15 1080
8 9 1270 3 740 14 1060

9 12 1260 9 620 9 940
10 4 1240 4 610 4 930
11 14 1230 6 560 12 030
12 6 1020 5 450 6 730

13 3 990 12 410 5 7^0
14 11 890 2 360 n 610
15 1 860 1 360 i 610
16 2 700 U 330 2 530

1*S«D for two year average, a t 3% le v e l —  166
at 1$ le v e l — 218

Table 8 shows the two year average y ie ld s at the second cutting* 

These averages are fo r  fiv e  locations on ly, two being harvested tw ice In
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the f ir s t  season 'and three in the second season* As nearly as can be de­

termined tmm th e lim ited amount o f observation which m s p o ssib le , the 

stand lo sses vfoiefe occurred bet m m  the f ir s t  and the second harvest at 

the other three location s were due to a eoaMnation o f factors* principal­

ly  Fus&rium, dry lea th er, low f e r t i l i t y , and insects# Again i t  should be 

noted that the eight highest treatments are id en tica l w ith, though not in  

the same order a s , the eight treatments which are highest in  the April 

stand count and highest in  f ir s t  cutting yields#

fab le S« tm  year averages for f iv e  location s of dry weight 
y ie ld s o f red clover for second cutting*!/

1 13 000
2 14 780
3 14
4 7 750

5 15 400
6 10 470
7 0 440
a 3 650

9 9 580
10 4 530
n 4 480
12 5 380

13 12 370
14 U 340
15 2 330
14 1 320

j /  two location s harvested in  19491 three location s harvest in  1990*

fits an alysis o f variance for the f ir s t  cutting y ie ld s for the two 

years i s  shown in  fa b le  % Significance at the %  le v e l m s shown for  

block d ifferences and fo r  treatment by year in teraction s, while high alg*
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nificanoc was shown for a l l  other sources o f variation* As with the plant 

counts, the high calculated F value fo r  the treatments compared to  the 

treatment in teractions indicates that the e ffe c ts  of season or location  

on treatments are of re la tiv e ly  l i t t l e  p ractica l importance* the trea t­

ments tend to f a l l  in to  high, medium, and low groups with the in teractions 

changing the order within groups, but only occasionally causing a treat­

ment to  change to a d ifferen t group*

Table 9* Analysis o f variance* Bed clover y ie ld s at f ir s t  cutting  
of sixteen  treatments fo r  two years*

Source 5 .3 . 8*F* K*S* F* (c a lc .)

T otal 674,817 558

Blocks 12,951 28 463 1*68 *

Treatments 73,303 15 4,687 17*71 «*
Locations 302,763 6 50,464 162*84 **
Tears 115,261 1 115,261 417*61 «*

Tr* x  Loc* 52,237 90 560 2.10 **

Tr* x Tr* 7,144 15 476 1*72 *

Error 111,039 403 276

Location y ie ld s , which show m  exceptionally high sign ifican ce, are 

given in  the follow ing b rief tab le which a lso  includes second cu ttin g  

location  yields*
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fab le 10* Dry weight y ie ld s of red clover* Average of a l l  'treatments 
at each location  used in  two year®*

lo ca tio n  and Tear of harvest 
1949 1950

o i  % e n % o- s

l e t  cutting 1920 1420 1090 425 1500 695 325 SO
2nd cutting 510 256 ------------ —  1170 550 358 —

Factors which, from observation®, are believed to  be a t le a s t  partly  

responsible for these considerable d ifferences w ill be mentioned b r ie fly  

here*

i t  th e  K€” location , vfoich produced the highest average y ie ld  fo r  the 

f ir s t  cu ttin g , there was m  timothy planted with the clover, md therefore 

the only competition suffered by the clover m e fro® weed® which volun­

teered in  the poorer treatments* The leak o f com petition from an associat­

ed grass i s  considered to  be an important factor in  the production, a t th is  

loca tion , o f  a clover y ie ld  f iv e  hundred pounds, or 35$ greater than that 

at the *1* location  which had the next highest 1949 y ie ld , md 420 pounds, 

or 2S$ higher than that at the *D* location  which had the best 1950 yield*  

At the la t te r  two lo ca tio n s there were moderate amounts o f timothy and 

ryegrass resp ectively , while other factors such as f e r t i l i t y  le v e ls , mois­

tu re, and stand counts were essen tia lly  the same*

Moderate stands o f timothy were a lso  present a t the and 

lo ca tio n s, but average y ie ld s were considerably lower than at the two pre­

v iou sly  mentioned locations* This I s  considered to be due to  a re la tiv e ly  

lower f e r t i l i t y  le v e l, and the fact that the lowest stand counts la  th e ir  

respective years were at the *9^* and «$&2 * locations*

At the * 1*  location , stand counts were re la tiv e ly  high md early
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spring growth was n om al, but by mid-May the  p lan ts  on more than h a lf  of 

the p in t a rea  appeared stunted and unhealthy, and by June none o f the  p lan ts  

v ers  as la rg e  as they n o rm lly  should have been* The cause or causes of 

th is  abnormality were not read ily  apparent sad s u f f ic ie n t observation to  

determine the*a was not possible* I t  was suspected th a t  drought and low 

f e r t i l i t y  s ig h t have been a t  le a s t  p a r tly  responsib le , as even th e  compet­

ing weeds and timothy d id  not appear to  be growing with t h e i r  normal vigor* 

The low f i r s t  cu ttin g  y ie ld s  a t  th e  "Q* and *8* lo ca tio n s a re  prim ari­

ly  due to  s p i t t l e  bug injury* In  la te  A pril, th e  p lan ts  in  these  stands 

were making good growth, and th e re  were su ff ic ie n tly  good stand counts to  

make a good y ie ld , a t  le a s t  on the  b e t te r  trea tm ents, when th e  severe s p i t­

t l e  bug in fe s ta tio n  developed* The p lan ts  were stunted and had th e  appear­

ance of being nsucked dxy% some even showing & reddish  co lo ra tio n  of th e  

leaves s im ila r  in  appearance to  potassium deficiency* The *H« loca tion  

was trea ted  with a chlordane spray ^hich i s  believed to have been effec­

t iv e  against th e  in se c ts , but which was too la te  to  save the clover* The 

clover a t  both of these locations was a lso  sub ject to  com petition from 

f a i r ly  heavy timothy stands*

The second cu ttin g  y ie ld s  in  1949 show th e  e f fe c t  of dry weather dur­

ing Ju ly , while those fo r  1950 show th a t  growing conditions were more nor­

mal during th a t year*

The high sign ificance  between years shown in  Table 9 i s  la rg e ly  a  re ­

fle c tio n  o f  th e  s p it t le  bug in ju ry  a t  th e  *0* and *g” lo ca tio n s and th e  

poor stand a t  th e  location* The 1949 average y ie ld  per acre  fo r  a l l  

treatm ents fo r  the f ir s t  cu ttin g  was 1260 pounds and fo r 1950 m s  650 pounds* 

Seedling year average y ie ld s  were a lso  calculated  for a l l  treatments 

where growth was removed* These are  shown in  Table UU
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fie ld #  and to  weeds# i f  they are present* M aterial from treatment 12 w ill 

be poor even as bedding due to  the fact that by Hovember most o f the straw 

Is p a rtia lly  decomposed and the dead weed and clover growth Is  woody and 

not very absorbent*

The quality  o f the m aterial harvested from p lo ts which have had the 

strap removed* as In treatments 3# 14# end 16# depends to  some extent on 

how much stubble was le f t  on the field #  but princip ally  on how much weed 

growth 1® present* In treatment 16# a second clipping in  September follow ­

ing th e one in  August# gave an average of 420 pounds of clover hay per 

acre*

The treatments ifcieh are the best in  rela tion  to  y ie ld  o f forage or 

bedding during the seedling year# 3# 7# 10# 13# 14# 15# and 16# are the 

same group whieh maintain the higher stand counts and produce the most 

clover in  the hay crop*

Boot Bsserves* The re su lts  o f the chemical analyses for to ta l ava il­

able carbohydrates and for to ta l nitrogen are shown as treatment averages 

at location s in  Tables 12 and 13 respectively* The overa ll averages and 

the location  averages are a lso  shown in  these tables* Only three locations 

are reported for the 1949-1950 season since the stands in  the p lo ts at the  

«k2« location  were too poor to  furnish a fu ll  se t of replicated samples*

The analyses of variance for carbohydrate and nitrogen percentages 

are shown in  Tables 14 and 15 respectively* High sign ifican ce was obtained 

In a l l  but two cases# blocks and treatment by year in teraction s for n itro­

gen showing sign ifican ce only a t the 5$ level*  As in  the ease o f stand 

counts and of y ields# the calculated F value fo r  treatments i s  so mush 

greater than that for the interactions# that the la tte r  do not assume any 

great p ractica l significance*
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For carbohydrates# treatment d ifferences are approximately equal to  

location  differences# while fo r  nitrogen, treatment d ifferences are eon* 

siderably le s s  than those between locations* This in d icates that eaxbo- 

hydrate reserves can be controlled to a considerable extent by the man­

agement practices used in  th is  study# but that nitrogen reserves are more 

dependent on other factors* fh ls  same conclusion can a lso  be drawn from 

a comparison o f treatment and location  averages for percentage o f carbo­

hydrates and nitrogen (ta b les 12 and 13}# For carbohydrates, the trea t­

ment averages range from 2&*3$ to  31*6$# a d ifference o f 7*3$# while the 

location  averages range from 26*0$ to  32*6$# a d ifference o f 6*6$* For 

nitrogen# th e treatment averages range from 2*59$ to 2*79$# a d ifference  

o f only 0*20$# w hile the location  averages range from 2*42$ to 3*07$, a 

difference o f  0*65$# or over three tim es as great as th e treatment range* 

Another in terestin g  comparison i s  between the °C* and *D" location s  

in  Table 12* At the *G* location# where t a l l  growing weeds were prevalent# 

the treatment range i s  15*7$ from treatment 10 which is  high# to  treatment 

1 which Is  lew* At the *D* location  there were very few weeds and the 

treatment range i s  only 2*8$ with treatment 1 being high and 13 being low* 

This in d icates th at weeds which w ill overshadow the plants must be com** 

tro lled  in  order for carbohydrate reserves to  be stored* These two loca­

tio n s were considered to be th e b est in  regard to f e r t i l i t y  and moisture 

and they are a lso  the highest two in nitrogen root reserves (tab le  13)* 

These fa c ts  lend further support to the conclusion that carbohydrate re­

serves are increased by d ip p in g  practices which control weeds and allow  

more sunshine to  reach th e plants# while nitrogen reserves are more depend­

ent on other growing conditions*
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Table 12. Carbohydrate percentages in red clover roots in  la te  December. 
Averages for treatments given by locations*

tr e a t- Location and tea r  treatment
meat 1948-49 1949-50 Averages
Ho# C % E L G H 0

1 14*7

Percent o f carbohydrate 

29*3 29*3 22*0 22*0?^ 22*2 30*9 24*3
3 29*9 33*8 33*4 30.9 31.6 29.9 29.8 31.4
6 24.7 32*3 28*1 26*1 27*2 23*2 30*8 27*5
7 27*1 33*2 34*9 32*6 31*9 30*7 30*7 31*6

10 30*4 34*9 34*3 30*9*/ 29*3 29*7 30*2 31*5
13 27*4 30*6 33*7 30.1 28.1 27.6 28*1 29*5
15 25.3 33*2 31*7 30.7 30*3 31*0 30*7 30.4
16 28.5 33.9 33.3 30*4 31*6 31*4 30*7 31*4

Location
Averages 26*0 32*6 32.3 29.2 29*0 28.2 30*2

j /  treatm ents 1 a t *0% and 10 at calculated fey m issing p lot feanttla*

Table 13* nitrogen percentages in  red d o v er  roots in  la te  December# 
Averages for treatments given fey loca tion s.

Treat- Location and Tear Treatment
went
No. 0

1948-49
% 1 L

1969-50
0 H P

Averages

Percent of nitrogen

1 2.73 2.69 2.56 2.80 2 .7 2 ^ 2*60 3*06 2 .73-
3 2.70 2.65 2*42 2*64 2.61 2.38 3*11 2.63
6 2.63 2*80 2.43 2*85 2^61 2.62 3*00 2.70
7 2*77 2*54 2.31 2*68 2.58 2*48 2*98 2.62

10 2.75 2*68 2.37 2.7*1/ 2.78 2*73 3*20 2*736
13 2.74 2*56 2*32 2*44 2.61 2.52 3.00 2.59
15 2*86 2.80 2.57 2,80 2.74 2.70 3*10 2.79
16 2*76 2*75 2*38 2.63 2.67 2.49 3*13 2*68

Location
Average 2.74 2.68 2.42 2.70 2*66 2*56 3*07

1 / Treatments 1 a t **0% and 10 a t MLW calculated by m issing p lo t formula.
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fa b le  14. Analysis of variance* Carbohydrate percentages 
in  rad clover roots for eight treatments fo r  
two jears#

Soares s*s* D.P* M.S. F* (calc*

to ta l 46f*28? 243
Blocks 27*450 25 1,098

*
2.48

treatments 152*044 7 21*721 47*95 **
loca tion s 122*465 5 24*493 54*07 **
fears 4*032 1 4,832 10 *67 **

tr*  x  loo# 78*494 35 2*243 4*95 **

tr* x Tr* 10*159 7 1*451 3.20 *#

ifrrer 73*®45 163 453

Table 15 . Analysis o f variance* nitrogen percentages 
in  red clover roots fo r  eigh t treatments 
fo r  two years*

Source 8*2* D.F* M.S. F* (ca lc*)

T otal 132,738 243

Blocks 5,299 25 212 1.71 *

Treatments
lo c a tio n s
fears

10,297
73,048
10,037

7
5
1

1,471
14,610
10,03?

11*86 ** 
117.82 ee
80.54 **

Tr. x  hoc. 11,472 35 328 2.65 **

tr*  x tr* 2,396 7 34Z 2*76 *

t o ? 20,13? I63 124

fa b le  16 shows the treatment averages o f percent o f carbohydrate and 

nitrogen soo t reserves arranged in  descending order# Per carbohydrates*
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treatm ents 7* 10* % and 16 are high with no sig n ifica n t d ifference be­

tween thou* treatments 7 and 10 a n  Jdst s ig n ifica n t ow r 15# whil# 3 and 

16 are highly sig n ifica n t over 13* treatment 13 la  highly sig n ifica n t over 

6 whieh in  tun* Is  highly sig n ifica n t over 1* For nitrogen, 15 la  s ig n if­

ican tly  the higheat, with 10* 1* 6* and 16 appearing In that order with 

no sig n ifica n t d ifference between th ou  Treatments 3* 7* and 13 are the 

low est and there Is  no sig n ifica n t d ifference w ithin th is  group*

fa b le  16* Peerage percent o f carbohydrates and nitrogen  
in  red clever rente*

Sank Carbohydrate 
... fimtaialL £ ......Average...!...........

nitrogen
.. ....-..trisiiMrt.i  ...fa

1 7 31*6 15 2*79
2 10 31*5 10 2*73
3 3 31*4 1 2*73
4 16 31*4 6 2*70

5 15 30*4 16 2*60
6 13 29*5 3 2*43
7 6 27*5 7 2*62
8 1 24*3 13 2*59

L«3*D* at 9* lev e l — 1*06 1*S*0* at % lev el — *055
at 1% lev e l 1*37 a t 1$  lev el — .072

th e  rente and crowns on whiet* the foregoing analyse® inure made were 

weighed prior to  grinding* and th e average a ir  dry weight per root calotte 

la  tod fo r  each sample* the an alysis o f variance fo r  the root * weights far  

the two years I s  sheen in  fa b le  17* Highly sig n ifica n t calculated F values 

were obtained fo r  a l l  but the year differences*



m

Table 17* Analysis o f variance. Average rod clover root weight 
for eight management treatments for two years*

Souroe 3*3* D*F* M*3* F • (cs!o « )

Total 40*207*792 243

fil Ciftteft 3*731*512 25 151*260 1*92

Treatments 2,421*425 7 345,918 4*38
location s 11,329,517 5 2*265*903 23*71
Tears 12,143 1 12*148 *•» *H*

Tr* x  loe* 7*704*928 35 2^1*11,1 2.79

Tr* x  Tr* 2*094*883 7 299*270 3*79

Error 12,863,374 163 73*916

The treatment averages arranged in  descending order are shown In  

Table 16* There is  no sig n ifica n t difference between the beet s ix  treat*  

manta* 16* ID* 7# 3* 15* and 6* however each m e sig n ifica n t over 1 and 13*

Table 16* Average a ir  dry weight o f red clover roots 
dug in  December fo r  chemical analysis*

la s i___________ Tr**t*«ct *«W M  w o t **inb» 1 /

1 16 *885
2 10 *885
3 7 .875
4 3 ♦870

5 15 ♦860
6 6 .780
7 1 .655
3 13 .635

U S.D . a t 5* l«v*X — 0,135 
a t 1# le v e l — 0*130 

J j Dry weight in  grams* average o f 32 p lo ts per treatment with 10 to  
15 roots per plot*
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C orrela tions. Comparisons of th e  tab les  which have been presented 

Ind ica te  that c e rta in  co rre la tio n s  exist#  Th© m.&% obvious o f  these  i s  

th a t between y ie ld  and p lan ts  per square foot# th e  -treatment average* 

fo r a l l  s ix teen  treatm ents fo r  clover y ie ld s  and p lan ts  per square foo t 

in  A pril a t  the various loca tions were compared* g iving a to ta l  o f 123 

comparisons with a p o sitiv e  co rre la tio n  co e ffic ien t ©f #701, which i s  

highly sign ifican t#

Comparisons o f p lo t y ie ld s  to  p lo t stand counts in  A pril fo r  the  

e igh t treatm ents which were selected  f o r  chemical ana lysis were divided 

in to  two groups, one in  which the stand counts se re  le s s  than ten p lan ts  

per square fo o t, and another in  which the stand counts se re  ten  o r  more# 

th e  co rre la tio n  co e ffic ien ts  fo r th ese  groups had to  be ca lcu la ted  sepa­

ra te ly  by lo c a tio n s , due to  location  y ie ld  d ifferences whieh were caused 

by fa c to rs  o th e r than stand density#

fa b le  19# Correlation of red clover hay y ie ld s with A pril stand counts 
o f le s s  than tm  and o f ten or more plants per square foot 
a t  fiv e  locations#

location  le s s  than 10 hi# per so# ft#  10 or more pi# per so# ft#

n r n r

Q 15 *#605 ** 25 —♦0084
U 33 *.407 * ? -#1*9
M 24 +#531 ** 1* *#0035
t 25 **398 * 7 -.592
0 25 *♦5*5 «* 1 -#501

fab le  19, above, shows the  numbers o f comparisons and th e  co rre la tio n  

c o e ff ic ie n ts  fo r  the  te c  groups a t  the f iv e  lo ca tio n s ?#iieh had p lo ts  with 

over te n  p lant*  per square foot# E ither sign ificance  o r  high sign ificance 

was obtained a t  a l l  lo ca tio n s when the  p lan t counts were under te n  p lan ts
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per square fo o t, while m  sign ifican ce was shorn a t any location  when the 

oounts were over tan# Those correlatione Indicate that stands o f over ton 

plants per square foot do not sig n ifica n tly  increase y ie ld , and th a t i f  

eight to  ten  good plants per square foot are present during the spring 

growing season, th e y ie ld  w ill he controlled by other factors, among which 

are f e r t i l i t y ,  m oisture, in sec ts , and weed or gras® competition*

Comparisons ©f f ir s t  cutting y ie ld s t© second cu tting y ie ld s gave cor* 

relation  coefficient®  ranging from f*6B8 to  t*f37# and comparisons o f each 

year*® average April stand counts to  each y@arfs average la te  June stand 

counts gave a correlation co effic ien t o f 4«965* These were h i^ ily  s ig n if­

icant in  a l l  eases*

I t  is  possib le to  co h ere  y ie ld s with to ta l availab le carbohydrates, 

with nitrogen, and with average root weight, but due to  the time in terval 

between December, «h«n the root samples for chemical analysis were dug, 

and June, when harvest was made, and to the numerous other factors whieh 

escort th e ir  influence during th is  tim e, I t  i s  believed that the indirect 

relationships involved are not su ffic ien t to  make th e comparisons valid#  

The carbohydrate and nitrogen percentages fo r  Individual p lo ts were 

compared, giving a to ta l o f 261 ©ompariaons with a negative correlation  

co e ffic ien t o f -.185  whieh i s  Just sign lflean t at the 1$ level*  In th e  

carbohydrate percentage to  average root weight comparisons, a p o sitiv e  

correlation  co e ffic ien t o f f*458 was obtained for the 261 ©oa^artsone* 

nitrogen percentage compared to  average root weight gave a p o sitiv e  ee~ 

e ff ic ie n t  o f f  *154 which i s  s ig n ifica n t a t the 2$ le v e l.

These la s t  two correlation  eeeffteiem ta in d icate, as might be sacpeet** 

«d} that th e  larger plants contain a greater percentage o f root reserves, 

and therefore stand a better chance of surviving the winter aid are b etter  

able to in it ia te  vigorous growth in  the spring* The negative correlation
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shown by the carbohydrate and nitrogen percentages i s  believed to  support 

the statement made ea r lie r  that carbohydrate content is  strongly influenced  

by the management practises need, but that nitrogen content i s  prim arily 

influenced by other factors* Assuming th at th is  i s  true, the amount of 

nitrogen in  the roots would be fa ir ly  constant from one treatment to  anoth­

er , while the amount o f carbohydrate would vary, and of course, as the 

amount o f carbohydrate increased, the percent o f nitrogen would decrease* 

fits negative correlation  obtained support® th is  point* the fact- that both 

Carbohydrate and nitrogen are p o sitiv e ly  correlated with root weight, while 

being negatively correlated with each other, may be explained by the fact 

that the amount o f carbohydrate is  approximately tea tim es that o f nitrogen*

D iseases, the most prevalent d isease observed in  th is  study was a 

crown and root rot caused by jfusarim  species* During the f ir s t  winter a 

number o f cu ltures were made from plants showing a brown d iscoloration  of 

the s te le  o f  the tap root or the center o f the crown, and Fusariua was iso *  

lated  In every case* The color o f the mycelium in  culture ranged from 

white to  pink and lavender, indicating that several d ifferen t strain s were 

present*

In March o f each year random setupleg  of p lants from a l l  location® were 

dug and in spect ad for the presence of Fusarium* They were c la ss ifie d  in to  

four groups according to  the degree of in fectio n , and the percentages o f 

in fection  were calculated as shown in  the follow ing tab let

Table 20* Bed clev er  roots and crowns in fected  by Fusarium 
at a l l  location s in  March of 1949 and 1950*

Tear Dogroa o f Infaotion Total %
Ion© Li*ht Ko4iu» Heavy lafoetod

1949 1*8 438 a s 15? ax?
v u l ........ . _____ 12? ____ 32k___ ____ - ..1«8...... - .....-.... 73? __________
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Many o f the infected p lan ts  were la rg e  and growing vigorously even 

though the tap  root or crown* or both* showed serious damage* I t  wee 

found by spot check® which were made in  May of 1949, and represented a l l  

treatm ents* th a t  th e  number of plant® had been reduced lees  than 7% since 

th e  A pril count in  sp ite  o f  the fa c t th a t approximately BQ% of the stand  

was in fec ted  with Fusarium*

these observations indicate that th is  d isease does not seriously  

impair the spring growth o f clover provided tha p lants come through the 

winter with su ffic ien t reserves to  get growth w ell started* Plants with 

su ffic ien t photosynth©tic area and adequate feeding roots can, i f  given  

good growing conditions, produce a good crop of clover even i f  the tap root 

and part of the crown have been destroyed* However, when the hay crop i s  

harvested, the photosynthet1c area Is removed and the plants must depend 

on root reserves to in it ia te  second growth*

A comparison of the April stand counts to  the June, or a fter  harvest 

counts, show® an average lo ss for a l l  locations o f  51$, most o f which oo* 

curred a fter  harvest, Inasmuch as the recovery o f the p lants depends p ri­

m arily on how severely the tap roots and crowns have been damaged, and 

sin ce Fusarium was present in  over 75% o f a l l  plants im pacted during the 

spring m ath s, i t  seems reasonable to b elieve that th is  d isease i s  prima­

r ily  responsible fo r  the lee® which occurs w ithin a short time a fter har­

vest*

Fusarium i s  considered to be a secondary in fectio n , entering the roots 

only a fter  they have been injured by mtm other cause* la  Pennsylvania, 

Henderson (3) considered the clover root borer to be largely  responsible 

for the entry of Fusarium Into clover roots in  that area* However, th is  

in sect was not found at the location s where th is  study was made* Obser­

vations made when sectioning roots to determine the extent o f in fectio n ,
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indicate that in iaary cases entry to th e crom  might have been mad® through 

decayed stubs of crown buds or cut stems, and to th# roo ts, through breaks 

to  th© .epidermis* The cause© o f those breaks ^er® undetermined, although 

sh eared  to  be caused by trampling or mechanical in ju r ies, and others 

eeuXd have hmn caused by various so51 in sec ts , such as wlrewom* or the 

ec-call#d  free liv in g  nematodes#

Another d isease which shows a brown d iscoloration  in  th# root and 

crown Is  caused by a virus infection* However, . i t  i s  e a s ily  distinguished  

from Fusarium by the fa ct that the cambium layer is  discolored rather than 

the © tele, and in  addition the leaves present an abnormal and stunted ap­

pearance* Only a few iso la ted  plants were fhund which were in fected  with 

v iru s, and i t  m s considered to  be of minor Importance#

At the *0* location  In 1949, the disease known only as "Black Patch® 

was esp ecia lly  severe* I t  was Identified  and the causal organism cultured 

by Dr* LaFabvre, Forage Pathologist o f the Forage drop D ivision , U*S#D»A«, 

but as no spores have so fa r  been found or produced, I t ha© not been id©!** 

t I f  led as to genus and species* the d isease attack© the leaves causing 

the en tire le a f le t  to dry and turn brown, and i t  is  named from the very 

dark, p ractica lly  black, color o f the mycelium*

At the location  where i t  was severe, early clipp ing and removal of 

growth proved to  be a strik in g preventive measure# F lots which were mowed 

In July showed almost no in fectio n , even though they were adjacent to  mm* 

mowed plot© which were 90$ to  95% infected* I t  was a lso  controlled by the 

August and September mowings which were made a fter  the d isease had become 

established quit® uniformly throughout the plot© which had not been clipped 

earlier* In general, the la te r  the cutting was made the lower the plant 

counts obtained, but those plants which recovered grew normally with no 

further ei$* of the disease# The plants which survived in  the uncut p lo ts
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vgre so tm  and so small th a t  i t  m s  impossible to  secure an adequate sam­

p le  fro® th e  #1 treatm ent fo r  chemical ana lysis without digging much of 

the p lo t area*

Other d iseases which occurred but were not serious, were Powdery Mil* 

&m $ ^Pyoiohe polygon! D*D., and a faH  le a f  spot from which SteRmhylium

Colletotrichum  t r l f o l l i  Bain and Sssary, nor s c le ro t ia ia ,  S d e ro tin i^  t r i~  

foliorum Krika, was observed a t any of the  locations in  t h i s  study*

Serious lo ss  due to  w in te rk illin g , which i s  not s t r i c t ly  a d isease im 

the patho logical sense, but a physiological r e s u lt  o f  reserve dep le tion , 

occurred during the  second w inter a t  th e  ■H* location# As mentioned before, 

the f i r s t  w inter was eery mild and there was l i t t l e  lo ss o f stand, in  f a s t ,  

some p lo ts  esp ec ia lly  those under treatm ent 12 were observed to  make. growth 

and ac tu a lly  Increase  in  e lse  during th e  w in ter months# During th e  second 

w in ter, an extended warn period during th e  l a s t  h a lf  of February caused 

premature in i t i a t io n  o f growth with consequent depletion o f reserves# 

fh ls  warn period was term inated about th e  f i r s t  of March by a  cold s p e ll  

which was most severe a t th e  ,rH" lo ca tio n , due to  I t s  being located  in  th e  

Middletown v a lley , which i s  considerably fu rth e r  inland and a t  a higher 

elevation  than  th e  o ther locations used th a t  year# About the  middle o f 

March when the Fusarium samples were co llec ted , p ra c tic a lly  a l l  p lan ts  in  

th e  owner1 s  f ie ld  and many in  th e  p lo t area presented a withered appear* 

sues, and a number o f  these were brought to  the U niversity of Maryland 

P lan t Pathology D ivision of th e  Botany Department# Mo d isease was found 

o ther than th e  Fusariwa which was present in  a few o f these p la n ts , but 

since i t  was also  present in  approximately 75% o f surviving p la n ts , i t  

could not be designated as th e  c r i t i c a l  fa c to r  in  p lan t su rv ival a t  th i s  

location* When th e  preceding weather conditions were taken in to  consider**

(C&v*) W iltsh ire  -was iso lated*  n e ith e r southern anthreenose,
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Both the larvae and the adult* feed on young clover leaves* hut in  th is  

ease l i t t l e  damage was done due to  natural control o f the in sect by a 

p arasitic  fungus te u s a  sphaeroperma Free#* which infected and k illed  

p ractica lly  the en tire in festation*

In early October o f 1949# i t  was observed that many of the snai l  new 

leaves cm plants at the *0* location  in  Montgomery county were being k illed*  

Examination showed that the damage was ceased by a small lepidopterous 

larva which was id en tified  by Dr* Pooa o f the Bureau of Mtqjsiology and 

Plant Quarantine 0#$*IM* as the clover head caterp illar# Laspevrcgta

intc-rstinctana Clemens* which i s  known to  attack the clover crown growth 

i f  heads are not present* This in sect bores into and down the p etio le  of 

& young leaf* emerges near the base of th e p etio le  w ithin th e protection o f

the stipu les* and feeds on the young growth a t the t ip  o f the stem* A nua-

her o f plants which were known to  be in fested  were marked and were exam-

ined again in  ftovembey* a t which time no trace o f  the insect® could be

found* From observation® of plants in  various p lo ts under d ifferen t treat*  

swats# and o f plants In other f ie ld s  in  the county# i t  wee concluded that 

damage was slig h t provided the plants were growing vigorously# but that i t  

could be severe i f  the p lants were growing slowly or not at a l l  due to  

drought* low fe r t ility *  or excessive weed competition* When growth i s  rap­

id* the in sect damages one or two leaves by eating the newly produced t i s ­

sues* but when th e plant is  growing very slowly# the growing point i t s e l f  

may be eaten cut# which stops further growth o f the stem*

The clover head ca terp illa r  was found again in  the spring a fter the 

f ir s t  harvest# and i t  was considered to  be a contributing factor to  the  

almost complete lo s s  o f stand on even the best treatments a t the loca­

tio n  where the s o il  moisture was quite low and growth was poor and slow 

during dune* Two ether sim ilar in sects found at th is  location  m  M y  1
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were id e n tif ie d  through Dr* Poos as a species o f Curculionid&e, Hypsra 

n ir jr i ro s tr ls  (F*) , and & species o f T o rirlc id ae , possib ly  &r*qrrotaonia 

velu tlnana (TOc#)

The la rva  o f  a small f ly  whieh was id en tif ied  as a species o f  Oscin- 

e l la  ©f the Obloropidae fam ily, was found in  th e  f a l l ,  hut only on small 

dead plants whieh had been overshadows! by dense weed growth# Since i t  

m s  newer found on l iv e  p lan ts  i t  was not considered to  be o f importance 

in  r e la t io n  to  the c lover stand*

F ield  mice tended to  concentrate in  th e  p lo ts  which had th e  t a l l e r  

mmI. denser growth or cower in  the la te  f a l l ,  notably treatments 1 , 2 , 5 ,

4 , 9 , 14, and 15, and to  remain almost completely out o f the p lot# where 

the growth was short and the cower lig h t , such as treatments 3, 7 , 13, and 

16# The crowns o f  clover plants growing along the edges o f mouse runways 

were often damaged severely by mice# Since th is  damage m s not evenly d is ­

tributed among a l l  treatments* and since i t  was thought quite p ossib le that 

mice had migrated from the surrounding dipped f ie ld s  to  th e  undipped p lo ts , 

control measures were taken against the mice# Apple s lic e s  treated with  

phosphorus poison and placed d irectly  in  the runways eliminated p ractica lly  

a l l  damage from th is  source#



section vx* Discussion

The follow ing discussion w ill be lim ited  as « a ^  as possib le to  the

ob jectives of the study as lis te d  on page 6*

Whan and te r  Losses Occur* Stand count re su lts  show that there i s  

considerable reduction in  the number o f red c lo ser  plants during Ju ly, Au­

gu st, and September o f the seedling year* I t  Is  believed that the primary 

cause o f these f ir s t  summer lo sse s  le  plant com petition, or crowding out 

o f the weaker plants by the stronger and more vigorously growing ones* 

th is  b e lie f la  supported by th e observation that the individual p lants 

were usually sm aller on the p lo ts which had the higher stand counts* These 

p lo ts were in  general those which were mowed more than ones during the sum** 

aer, the clipp ings keeping the plants sm aller and thereby reducing crowding 

or competition between plants*

The next most important factor in  summer lo sses i s  considered to be 

shading* In le s s  than four weeks between the duly and August stand counts, 

p lo ts which were mowed and had a l l  growth removed lo s t  19*3$ o f th e ir  stand, 

those that had only the straw removed lo s t  22$, those m  which the straw 

was le f t  le s t  36*7$, and those which were mowed and had the cut growth plus 

the straw le f t  on, lo s t  43*5$* I t  can be sees from these figu res that the 

denser the shade on the seedling p lan ts, tbs greater the stand losses*

The question naturally a r ise s  a t th is  point as to  whether or not conditions 

on th e undipped p lo ts were more favorable to  d isease, and whether or not 

th is  ® i$ it be the reason for the greater stand less#  However, c lo se  ebser* 

ration  throughout the summer fa iled  to turn up any evidence o f disease 

ether than the "Hack Patch* in fection  mentioned previously* However, th is
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disease can be ruled out inasmuch as i t  was equally severe on p lo ts where 

the strati was l e f t  on and where I t  was removed, and was not severe on the 

p lo ts whieh were clipped and the cut growth le f t  on* Also* in  the Ohio 

experiments (12) Willard could find no disease responsible for the greater 

lo ss  o f stand when the straw was le f t  on the fie ld *

A d u e  pointing to  shading as the responsible factor i s  found in  the  

work of Viri&nen and Nuraia (9 ), who found that second year red clover 

plants which were overshadowed by grass and t a l l  weeds used up th e ir  root 

reserves during the summer and did not repines them* This seems to  indi­

ca ts that the clover plant requires a certain  amount o f  d irect sunlight in  

order for the chiorophyll to  produce su ffic ien t carbohydrates to  supply 

the plant needs* In a seedling plant these needs are three-fo ld , to build 

the tissu e*  o f new root and top growth, to  build a root reserve, and to  

furnish energy necessary for the roots to take up both water and nutrient* 

from the © oil. I f  second year plant* overshadowed by gras* and t a l l  weed* 

cannot produce enough carbohydrate for maintenance, i t  seems reasonable 

that seedling plants cannot be expected to produce enough under the same 

conditions to  Increase in  idee and plant wel^it*

Mll&rd (12) noted that plants on clipped p lo ts withstood drought 

b etter than those on and  ipped p lo ts , an observation which was a lee  made 

in  th is  study* One reason fo r  th is  may be the fact that d ipp ing reduce* 

the transpiratlonal area, and another i s  no doubt the fa c t that clipp ing  

reduce* th e competition for moisture by controlling weeds* Another p ossi­

b le  reason might w ell be that clipping allows d irect sunlight to reach the 

plants and th is  could Cause increased photosynthetic a c tiv ity , whieh may 

cause the plant to  make more e ffic ie n t use o f the lim ited  amount o f mois­

ture availab le under drought conditions*

Competition fo r  nutrients i s  a lso  considered to be a factor in  the



43

f ir s t  season losses*  esp ecia lly  I f  the p lants have to  compete with weeds 

whieh are more e ff ic ie n t feeders* and whieh* i f  the f e r t i l i t y  le v e l i s  

lew* may reduce the mipply of available nutrients to  below the le v e l at 

which the le s s  e ff ic ie n t  dower plants can survive*

Under some conditions* d iseases may a lso  be an important factor in  

mmmr stand losses* however th is  occurred at only one location  In th is  

stuc^r ^  the d isease was controlled by the b etter management practices*

To summarise the causes of f ir s t  susmsr losses* I t  may be said that 

a certain  amount o f lo s s  appears to  be inevitable* even under th e best o f  

management practices* and that th is  lo ss  is  due prim arily to  com petition 

fo r  growing space* or the crowding out o f  the weaker plants* Reasons fo r  

additional lo s s  under le s s  favorable treatment® include shading by straw 

or clipped growth le f t  on the f ie ld , d iseases under some conditions* and 

competition from weeds fo r  lig h t, m oisture, and nutrients* The la tte r  

conclusion is  substantiated by the fact that at locations where there were 

very fee or no weeds, reasonably good stand counts were maintained m  un­

clipped plots*

F a ll lo sse s , during October and November are considerably le s s  than 

simmer lo sse s , and are considered to be due to  e s se n tia lly  th e  same fae*» 

tors* However* competition between clover plants i s  le s s  because fa ll  

growth Is slower, and weed competition Is  le s s  because many of the annual 

weeds d ie out during early fa ll*  In sects, such as clover head ca terp illa r , 

m y cause some lo ss  in  early October under unfavorable growing conditions* 

and i f  weather conditions are favorable for d iseases such as mildew or the 

f a l l  le a f  sp ots, these could k i l l  weaker plants during the  f a l l ,  as w ell 

m  weaken th e  stronger ones so that they would be mrrn apt to  d ie during 

the w inter months*

Hhether or not excessive lo sse s  occur during the w inter months w ill
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depend largely  on the strength o f the plants or the amount o f root reserves 

present, and on the severity  of the winter weather* There ere three common 

types o f w inter injury, actual freezing o f the root or crown tissu es by ex­

tremely cold temperatures, depletion of root reserves before spring growth 

sta r ts  as reported by Smith (7 ), and heaving, caused by alternate freezing  

and thawing of the s o il ttilch tends to l i f t  the crown above the surface o f 

the s o il exposing i t  and part o f the tap root to  desiccation  by sun and 

wind# Heaving may also cause breaking of many of the smaller roots*

The f ir s t  type o f Injury, actual freezin g , i s  not expected to be 

common in  Maryland, except in  the western a> unties with high elevations*  

Reserve depletion and heaving, however, were both noted in  th is  study, and 

may be expected to be found anywhere In the sta te  when weather and other 

conditions are favorable for th e ir  occurrence*

le ssrv e  depletion lo s s e s , which have been discussed previously (p* 57) 

ere believed to  be responsible for most o f the lo ss  which occurred between 

February and April stand counts* Heaving m e observed during both winters 

on p lo ts where the ground was bare around n a i l  p lants, but injury from th is  

source wap not extensive and was lim ited principally  to treatment 12 in  

which growth was clipped and removed In early November*

The sharp drop in  stand count immediately a fter  hay harvest i s  consid* 

ered to be due to  a combination o f factors, the principal one feeing Fusari- 

ua, which was present in  75% to  80$ of the plants a t a l l  location s in  the 

spring o f both years* This d isease which has been discussed previously,

(p* 35 ), destroys the tissu e s  in  which the root reserves are stored, there* 

by preventing the in it ia tio n  of second growth and normal recovery a fter  

harvest#

Ho other d isease was observed to  be present during the after-harvest 

period, but in se c ts , principally  the clover head ca terp illa r , are believed



to have k illed  soma plants which might otherwise have recovered* fha sp it-  

t ia  bag in festa tion  in  May at two o f the locations no doubt weakened the 

plants to a point where recovery was considerably below normal* In addi­

tion  to the d irect injury caused by these in sects sucking the ju ices from 

the plants* m  in d irect detrimental e ffe c t was produced by stunting the  

plants which were then overshadowed by timothy* th is  probably prevented 

a normal build-up o f reserves* and in  turn tended to prevent normal recov­

ery*

Low f e r t i l i t y  and low s o il  moisture are a lso  considered to  be contrib­

uting factors in  the a fter harvest stand lo sses  in  f ie ld s  where these  

conditions ex ist*

U ntil control measures for rosarium are developed* or resista n t strain s 

o f clover produced* i t  asm s apparent that a fte r  harvest stand lo sses simi­

la r  to  those in  th is  study w ill continue to be experienced * However* i t  

i s  believed th at these lo sse s  can be minimised by maintaining a good fer ­

t i l i t y  level*  by keeping in sects in  cheek as much as possible* and by 

planting a shorter* ea r lier  maturing strain  o f timothy* which w ill  shade 

the clover less*  and w ill a lso  remove the temptation to  mm la te r  than i s  

best for the clover in  order to  get greater tonnage from the timothy* I t  

i s  f e lt  that there w ill  be an increase in  the quality o f hay produced* 

which m il  o ffse t any decrease in  quantity from planting a shorter and 

ea r lie r  timothy*

BOr«gfc» o f Management Pr»eUc«a on 3*sndg and TUIda.  Tha resu lt#

of th is  study show that the management p ractices during th e f ir s t  summer 

have considerable influence on stand survival and on y ie ld s the follow ing  

spring* The phases o f ma&a&MKb considered were the importssee o f rea#p» 

ing combined straw* th e importance o f clipping* the best time or times fo r
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These conclusions lead to  a eo.nsldaratlon o f the beat tin© or time# 

for clipping tii© clover stands# Single d ip p in gs were mad© on treatment#

5 and 6 in  Ju ly  a fter  combining* on 9 and 10 about the th ird  week in  Au­

gust* on 14 and 15 about the f ir s t  o f September* on 3 and 4 in  the third  

or fourth weeks o f September, and on 11 and 12 in  early November about the 

time of th e  f ir s t  hard frost#*

Comparisons o f stand count# and o f yield# for these treatments show 

that mid-August to  early September 1# the best time for d ip p in g seedling  

stands# The duly morning did not give a® good weed control as la te r  d ip ­

ping* and the clover growth became <$iit© t a l l  and overmature in  la te  Sep­

tember* in  which condition i t  was more subject to le a f spot diseases# Also* 

i t  bloomed and se t some seed in most cases* which tends to  reduce root re­

serves.

The la te  September clipping gave only average re milts* due principal­

ly  to  the fa ct that stand count# were reduced considerably by weed compe­

t it io n , and at on© location  by disease* before the clipping was made# The 

clipping in  November gave very poor result#*

For timing a sin gle dipping* a good rule o f thumb to follow  may be 

to  mow whan the buds form on the ragweed in  the field #  This w ill be ap­

proximately mid-August and a sin g le  clipping at th is  time should give good 

resu lts in  central Maryland* On the eastern shore, a sin g le  d ipp ing may 

be made two to  three weelc# la te r , i f  weeds are not prevalent*

Two ©r more d ip p in gs were made ©a treatment# 7* 3* 13, sad 16* and 

the resu lts from these treatment# indicate th at the f ir s t  cutting may be 

made any time in  July or early August, and the second about the middle o f  

September* although i t  may be made a week or more la ter  on the eastern  

shore o f Maryland# Because o f  the longer growing season on the eastern  

shore* two or more clippings are esp ecia lly  recommended in  order to  b etter
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control weeds and prevent overmature f ir s t  year growth*

Treatments 7f 13# and 16 were con sisten tly  within the highest four 

out o f the sixteen  treatments fo r  spring stand counts and y ie ld s for both 

years# They were a lso  the only treatments to  g ive clean clover hay the  

f ir s t  season* treatment 8 was con sisten tly  the highest in  stand count 

and y ie ld s among the f iv e  treatments in  which the mowed growth was l e f t  on 

the field *

Treatments f  and 0 were cut in  4uly a t the same time as 5 and 6# and 

again in  September at the seme time as 3 and 4* Since sin g le  clipping a t 

eith er o f  these dates gave only average r e su lts , I t  i s  apparent that the 

difference is  due to the double clipping# Treatment 16 was cat in  August 

and again In September end was a very good treatm ent, although there m s 

much le s s  clever a t the second clipping than there was in  7 , due to  a 

shorter in terval between clippings#

Treatment 13 c a lls  for three cuttings to  be made In yuly, August, and 

November, but in the f ir s t  year a cutting m e a lso  made in  September, mak~ 

ing four cuttings that year* This treatment gave the highest spring stand 

counts in  each year, was resp ectively  fourth and th ird  in  f ir s t  harvest 

y ie ld s fo r  the two years, and also gave the highest two year average for 

second harvest yields*

These resu lts ind icate that summer clipping o f seedling stands i s  

b en efic ia l rather than detrim ental, and that e ith er  a hay crop or consld-* 

arable gracing may be had during the f ir s t  summer, without injuring the  

stands or reducing the spring yields# The la te  clipping o f treatment 13 

ind icates that excess growth may be harvested, or moderate gracing pra©** 

bleed, in  the very la te  f a l l  or early w inter, before the top leaves are 

fresen , but a fter  the weather has become cold enough so that the p lants w ill  

remain dormant and not use up reserves in  in itia tin g  new growth# S u fficien t
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growth m at be l e f t  on the plants so that the surface o f the ground le  wall 

shaded in  order to  prevent the p o ss ib ility  of heaving during the winter*

Treatments 4# 5* 3* 9# and 11 were paired respectively  with 3* 6* 7# 

10* and 12* the only d ifference within the pairs being that in  the former 

treatments the mowed growth m e l e f t  on the fie ld *  and in  the la t te r  i t  

was removed* In treatment 3* which received two dippings* only the second 

was le f t  on the fie ld *  In each o f these pairs* the treatment from v&ieh 

the growth was reaoved gave the higher stand counts and the higher yields*  

the d ifference w ithin each pair in  most cases being eith er sig n ifica n t or 

highly sign ifican t*  These comparisons Indicate that for best results*  

mowed growth should be removed from the fie ld *

SShst moaSi s£ «aaa&wm fasUast* *«•«■«* pr*«tie** «•«}
were a lso  found to have a d e fin ite  e ffec t on certain diseases* as w ell as 

on the storage o f root reserves* Sines these factors have already been 

discussed under the section  on Results* they w ill  be mentioned a t th is  

point only in  rela tion  to management practices*

The incidence of Fusarium* which was the most serious d isease present 

in  th ese tr ia ls*  was net affected  to any apparent degree by the practices 

used In th is  study* This i s  to be expected since i t  is  caused by a s o il  

boros organism and Is  primarily a root and crown disease* being found in  

the stem in  only one instance*

The d isease on which management practices had the most e ffec t m s that 

known as BBlack Patch**# As mentioned previously* the early d ip p in g  trea t­

ments prevented i t s  occurrence and the la ter  midsummer clippings e ffec tiv e ­

ly  checked it*  This appeared to  be true whether or not the mowed growth 

was reran ved from the plots# The fa ct that the infected  growth le f t  on the 

p lo ts  did not re in fect nm growth indicates that the mycelium died with the
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mowed m ateria  without producing spores, aad therefor© i t  may be assum*id 

that the disease requires a very sp ec ific  set o f condition* fo r  sporula- 

t io n , and need net become serious I f  i t  Is recognised In the early stages 

of I t s  development, and i f  the stands are dipped before I t  a ffects the  

crowns*

the f a l l  le a f spot d iseases were more apt to  occur on the treatments 

which allowed the growth to  become t a l l  and mature, and were re la tiv e ly  

rare on the la te r  d ipped  and shorter growth* I f  le a f  spots are present 

when the clover Is  mowed, the m aterial should be removed, as these d iseases 

readily produce spores which w ill remain dormant on dead m aterial u n til 

conditions are favorable for th eir dissemination*

Powdery Mildew did not seem to  be affected  by the practices used, and 

i t  i s  not expected that sclen otin ia  would be controlled to any great ear» 

ten t by summer clip p in g , except that f a l l  conditions might be le s s  favor­

able fo r  th e d isease on clipped p lo ts , due to greater a ir  movement end 

lower humidity near the ground surface under p lants which had been kept 

short by clipping#

I t  is  believed that southern anthraenose, had i t  been present, would 

have been affected by the management practices used, inasmuch as a common 

recommendation for i t s  control i s  pasturing or the clipping and removal o f 

in fected  growth to reduce inoculum*

W interkilling by freezing might be prevented to some extent by trea t­

ments such as 10, 14, ©r 15# which produce a f  a ir ly  heavy ground cover 

and thereby tend to  in su late the ground surface and the crowns of the 

plants* Injury by heaving might a lso  be prevented by treatments which 

produce enough cover to  shade the ground, thereby preventing the sum fro® 

thawing the ground surface around the plants on mild winter days* The man­

agement practices used should a lso  a ffec t w interk illing by reserve depletion ,



sine® i t  has been shown in  th is  study that they do influence the percent­

age o f carbohydrate reserves stored in toe roots* treatments such as 3,

7 , 10, and 16, which e& ll for a clipping between mid-August and mid-Sep­

tember, or la te  September in  m ilder section s, can be expected to produce 

good carbohydrate root reserves* The fa c t that 13, a very good treatment 

in  regard to stand count and y ie ld s , is  s lig h tly  loiter than the other good 

treatment© in  carbohydrate root reserve© may be due to  toe Hmreaber or 

a fter -fro st clip p in g, or to  the assail size  o f  the individual plants* It  

i s  believed to be prin cip ally  due to  the la t t  er reason, since 13 had th e  

lowest average root ©eight, and there is  a highly sign ifican t correlation  

between root weight mod carbohydrate percentage*

Treatment© such as 6 , which are mowed too early in  the summer to  ob­

ta in  good weed con tro l, cannot be expected to  produce a© high a percentage 

of root reserves due to p a rtia l shading by ©cede* These early clipped  

plants also mature in  the la te  f a l l  and may bloom and se t seed, which may 

prevent some root reserve storage* These plant© may also  in it ia te  new 

growth in  th e la te  f a l l  which a lso  tend© to lower root reserves, esp ecia lly  

I f  the photo synthetic area o f the mature growth was reduced by le a f  spot 

diseases*

there weeds are not controlled  at a l l ,  as in  treatment 1 , root re­

serves are at th e ir  lowest* Zt is  in terestin g  to  note that a t one loca­

tion  where there were p ra ctica lly  m  weed© in  toe p lo ts , there was very 

l i t t l e  variation  between treatments in  cajbohydrat® reserve, and treatment 1 , 

which was low est a t m arly every other lo ca tio n , wa.® the highest a t th is  lo ­

cation , th o u #  not sig n ifica n tly  so* Other factor© being equal, i t  appears 

that red elever reet reserve storage i s  proportional to th e area o f the top  

growth exposed to  d irect sunlight# This seem© to  indicate that winter sur­

v iv a l, to  so fa r  as i t  i s  dependent on carbohydrate root reserve, i s  corre-
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l&ted n ith  eeed control, provided re la tiv e ly  large plants are produced and 

the'-stand' i s  not clipped la te r  than approxlmat e ly  a. south before k illin g  

frosts#

The clipping treatments used in th is  study did not appear to have any 

d efin ite  e ffec t on nitrogen reserves# I t  i s  believed that the nitrogen  

percentage o f the roots i s  prim arily dependent on other factors such as 

f e r t i l i t y ,  m oisture, s o i l  aeration, and a c tiv ity  o f nitrogen fix in g  haste** 

ria#

Due to  the general m obility of in sec ts , the clipping p ractices used 

had veiy  l i t t l e  or no e ffe c t on th e ir  incidence# F ield  mice, honever, mere 

d efin ite ly  encouraged and protected by the treatments producing the heaviest 

ground cover#
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6* Tw© year average* fo r  spring stand counts ranged from a h i#  o f 

10*3 plants per square foot to a low o f 4*1 plants per square fo o t, w hile 

the two year averages for dry weight y ie ld s o f clover a t f ir s t  cutting  

ranged from a high of 1270 pounds per acre to a low o f 530 pounds per acre* 

7* there was a high correlation  between spring stand counts and f ir s t  

su itin g  hay y ie ld s fo r  plant counts of up to  ten plants per square ibot*

No sig n ifica n t correlation  was found fo r  counts o f ten or sore p lants per 

square foot* I t  Is  believed that stands o f s l # l  to  ten strong p lants per 

square foot in  the spring growing season w ill give maximum yields*

8# Plant competition Is  believed to be the primary factor responsi­

b le for lo ss  of p lants during the seedling year* On p lo ts  receiving the  

b etter treatm ents, th is  competition was among red clover plants with grad­

ual elim ination o f the washer plants* On the poorer treatm ents, ta lle r  

growing weeds such as ragweed provided the major competition*

9* Occurrence o f Fusartum root and crown rot Is  considered to  be the 

primary factor responsible for a fte r  harvest stand lo sse s  in  the hay year* 

Other factors contributing to lo ss  of stand a fter  harvest were in sec ts , 

drought, low f e r t i l i t y , and pre-harvest shading by timothy*

10* Fusariim root and crown rot was the most serious d isease present 

and was not affected  by clipp ing treatments# The f a l l  le a f  spot d iseases 

were much le s s  prevalent in  clipped p lo ts and at one location  a fo lia g e  

disease known as "Black Patch1* was controlled e ffe c tiv e ly  by clipping*

11* In sects causing appreciable damage were the s p it t le  bug in  May 

of the hay year, and the clover head ca terp illa r  in October o f the seed­

lin g  year and in  the follow ing June* These in sec ts  were not affected  by 

management practices*

12* Carbohych^&te root reserves in  samples co llected  in  the la tte r  

half o f  December were affected  by management treatments* These were, in
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general, highest on p lo ts which were slipped around the f ir s t  of September, 

and on which weeds were controlled and over mature growth prevented# Hi* 

trogen root reserves appeared to be affected  wore by other factors or 

growing conditions* Although there was a negative correlation between 

carbohydrate and nitrogen percentages, they both tended to be higher la  

the la ig er  and heavier roots#
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1 9  4 9

April  T reat -
S t a n d  ment
Counts  No. Individual

Y i e l d s
T r ea tme nt s

G r o u p  
A v e r a g e s

1 5 9 0

7

14
8

15 10 
3

1480

I 130

930

p o u n d s  pe r  a c r e -  d r y  wt .I I I
0  5 0 0  1 0 0 01 . 1  _J__

Figure 1* treatm ent averages o f spring stand counts and f i r s t  cu t­
tin g  dry weight y ie ld s  of red clover fo r fo u r locations in  1949* T reat­
ments are  grouped on th e  b as is  of stand counts of 4 to  6, 6 to  8 , 8 to 
10, and 10 to  12 p lan ts  per square foot* The highest stand count i s  fo r  
treatm ent 13 w ith 11*8 p lan ts per square foot and th e  lowest i s  f o r  t r e a t ­
ment 1 w ith 4*5 plant® per square foot* The highest y ie ld  i s  fo r  t r e a t ­
ment 7 w ith 16S0 pounds per acre  and the lowest i s  fo r  treatm ent 2 with 
700 pounds per acre* The high y ie ld  fo r  treatm ent 12 i s  believed to  be 
due to  exceptionally  mild w inter weather following cu ttin g  and removal of 
growth in  ea rly  Hovamber*
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A p r i l
S t a n d
C o u n t s

T r e a t ­
m e n t

No.

Y i e l d s

I n d i v i dua l  T r e a t m e n t s
---------

G r o u p
A v e r a g e s

. - 1 3  .10 
1 6  

. 1 4  

7  

- 1 5

8 5 0

6 8 0

Figure Z* Treatment averages of spring stand counts and f ir s t  out** 
tin g  dry weight y ie ld s o f rod clover for four location s in  1950# Treat** 
aents are grouped on the b asis of stand counts o f 3 to 5# 5 to 7$ and ? 
to  9* The highest stand count IS fo r  treatment 13 with 8*8 plants par 
square foot* and the lowest i s  for treatment 11 with 3*6 plants per square 
foot* The highest y ie ld  i s  for treatment 16 with 930 pounds per acre* and 
the lowest i s  fo r  treatment H  with 330 pounds per acre* A severe s p itt le  
bug in festa tion  at two locations caused a serious reduction In y ie ld s from 
the 1949 averages*
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Two Year Average

A p r i l
S t a n d
Count s

T r e a t ­
ment

No.

Y i e l d s

I n d iv idua l  T r e a t m e n t s G r o u p
A v e r a g e s

- 12-

13
-1 0 -

--- ' lfi°

IZ
-  8 - —

—
— 1000
-----

-  6 -

—

—

- 4 — — = 705

CTV)

<ua.

a
Q.

Pounds pe r  o c r e  - d r y  wt .I I I I
0 5 0 0  1000_______1500

Figure 3* Treatment averages o i spring stand counts and f ir s t  cu t- 
tin g  dry weight yield© o f rad clover for eight location s in  1949 and 1930* 
Treatments are grouped on the ’oasis of stand counts o f 4 to 6 , 6 to and 
8 to  10 (including treatment 13 a t 10*3)* The highest stand count is  for  
treatment 13 with 10*3 plants per square fo o t, and the lowest is  for treat­
ment 11 with 4*1 plants per square foot* The highest y ie ld  Is  fhr trea t­
ments. 16 and 7 with 12?0 pounds per acre, and the lowest i s  for treatment 2 
with 330 pounds per acre*

162821
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Stand Counts 1948-49  T rea tm en t  A v e rag es

DEC I JAN I FEB | MAR I APR I MAY I 

C o u n t  D a t e s  ^
OCT NOV JUN JUL

- 1 4 -
H a r v e s t

JUN

- 12- - 12-

- 10- - 10-

-  8 - -  8 -

-  6 - -  6 -

- 4 - -  4-

-  2 - -  2-

T r e a t m e n t  D a t e
NOV

Figure 4# Treatment averages of stand counts made at four locations 
in  the 1948-1949 season* Some lo ss occurred in  a l l  treatments during the 
f a l l  and winter* Spot check counts indicated almost no lo ss  during the 
spring growing season, but a l l  treatments suffered a stand lo ss of approx­
im ately 50% within a short time after harvest* Sight out of the nine 
top treatments are those in  which growth was out and removed one or more 
tim es during the summer* The top three are those in  which growth was 
cut and removed two or more times* The two undipped treatm ents, 1 and 2 , 
are among the lowest*
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S t a n d  C o u n t s  1 9 4 9 - 5 0  Treatment Averages
I OCT I NOV I DEC I JAN I FEB I MAR | APR

® 2 7  Count Dotes 12 ' °

JULJUNMAYAUG SEPJUL
2 5

-20-
Mow ed -  Removed 
/S t r a w  Removed 

/S t ra w  Left-18-

-16-

Mowed 
-14 - Left

- 12-

H a rve s t
JUN

-KD-- 10-

-  8 -- 8 -

15,7

-  6 --  6 -

-  4 -

-  2 --  2 -

T r e a t m e n t  D a le s23
OCTSEE.

Figure 5* Treatment averages o f stand counts made at four locations 
in  the 1949-1950 season* This graph is  intended to  shoe that there i s  
lo ss  o f stand under a l l  treatments during the summer months* and that 
management practices can cause considerable variation  in  the amount o f 
th is  loss*  % Koveraber the treatments have segregated in to  high, medium, 
and low groups and they remain in  these groups throughout the winter and 
the follow ing growing season*

A ll treatments in  the high group involve clipping and removal o f 
mowed growth one or more tim es during the summer* The low est treatm ents 
include those which were not c l ipped u n til November and those which were 
le f t  unclipped*

As in  the previous year, there was an a fter  harvest stand lo ss  o f 
approximately 50$ for a l l  treatments*
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The phoiegrmjyha uaed for Figures 7 through IB m m  a l l  takaa m  

April 28, 1950 at the *0* location*

F ig . 7 . Treatment 6 . Oat and F ig . S . Treatment 10. Oat m i
m oved  July 16, 1949. Cat too rsnoved to g . 16 , 1949. Good tr e a t-
early) lo»  stand count, axeeeelve mentj shoes good stand count,
weed and grass com petition. Treatm ent.1 4 tod 15, to t.to d  re -

. p m M  Aug. 37 , 1949 are sim ilar In 
appearance•

fig#  9# 3# Out and
reaoved Sept# 22, 1949# Out la ta ) 
average stand count#

Fig# 10# Treatment 12* Cut and 
i t s v d  Bov# 8 | 1949# Out too 
la to j stand count severely reduced 
hr eoed competition and "Slack 
FeM i* disease*
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F i|*  U » t m t m u l 1 6 * e* t m l  
m o tid  M m  *  H |»  17# m l % l»  
33  ̂ 1949* ■<%*>—* Kt|i> 
aa i feed  M  I q M U
•7# mHHi •BO- ®0 dWHyî p J •HP
3H^i* 22, 1949 1#

H i*  H »  treatment 13* Oat and 
W W K l thro# tie * *  *  Joljr U «  Iff*  
14, M  Hot* i ,  1949* f t n  
4 4 m l  f r r t

Fig* 13* Treatment 2* Straw re** Fig* 14* Shows p la stic  markers
moved; no further treatment* Shows used to mark plant count areas* 
almost complete lo ss  o f stand due to  These have been in  the f ie ld  nine 
weed competition and ’’Black la tch ” months*
disease* Weed sta lk s s t i l l  standing*
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Fig* 15* Comparison o f treatments 4 and 3* Both oat 3ept* 22, 1949* 
Growth lo f t  on 4 and removed from 3* Shows d istin c t edge of p lo ts and 
b etter stand where growth was rewowed.

Fig* 16* Comparison o f  treatm ents 10 and 2* 10 cut and growth
removed on Aug* 16, 1949; 2 not cut* Shows good stand on 10 and onljr 
dead we? d s ta lk s  and some grass on 2*
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Fig* 17* Coagparison o f treatments 6 and 14* 6 out end growth re - 
moved Ju ly  16, 1949 -  too ea rly  fo r  sin g le  clipping! 14 oat and growth 
removed August 27, 1949 -  good time fo r  a sing le  c lip p in g .

Fig* 1C. Comparison o f  treatm ents 12 and 16 . 12 cut and growth
removed Nov• 8 , 1949 — toe la ta  f o r  s in g le  d ip p in g !  16 cu t and growth 
removed tvd.ee -  Aug. 27 , and -Sept. 22, 1949. Note d i s t in c t  p lot "out­
l in e s  of t r  atmeat 12*


