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SECTION I. INTRODUCTION

Red clover is an important plant in the agrioulture of Maryland.
Seeded with timothy, it ococupies a major portion of that part of the
statet's cropland acreage which is used for the production of hay. Being
& legume, it is important as a source of nitrogen in the soll, in addition
to improving the quality of the hay crop; and being a biemnial, it fits
sxceptionally well into the commonly used three-year rotation of corn,
small grain, and hay.

It is obvious, therefore, that fallures of red clover stands such as
occurred in 1947 and 1948, can cause sericus losses to the farmers of the
state. This study was undertaken because of these losses, and deals prin-
¢ipally with the management practices used in handling the stands through
the seedling year, especially after combining of the small grein crop.



SECTION 1I. LITERATUAE REVIEW

Red clover was introduced into the United States over 200 years ago,
but until recently, very little scientific work has been done on munagew
nent practices for seedling stands. Pleters (6), in a U.5.D),A. Farmers
Bulletin on red clover culiure published in 1921, devotes only the follow-
ing short paragraph to the subject:

When seeded with a grain murse crop no special treatment
is given the clover the first season, It develops in the stube
ble after the grain has been cut and occasionally may afford
some pasturage in the fall. If the late sunmer be especi:lly
favorable sufficient growth may be made for a cutting of hay,
and in some cases a ¢rop of seed has been secured, The stand,
however, is likely to be injured by the cutting, and it is
usually best to elip back the growth to check the development
of the plants, ¥hen seeded in the fall in corn or with rape
one or two ¢rops may be expected the next seeson, It is usuale
1y not advisable to pasture apring seedlings the same season
with sheep or hogs, as they are likely to injure the young
plants, Pasturing with cattle is less injuriocus,.

In a further discussion of red clover as pasture, he advises agalnst
close early pasturing and also against toc close grasing in the fall,
stating that:

The plants should rather be allowed to ge imto the winter
with some growth upon the arowns in order to prevent winter-
killing and also to enable them to atore up materizl in the
roots for an early wvigorous growth the following spring.

As reasons for clover sickness or clover fallure he clites soil ex~
haustion, improper methods of seeding, nmurse erops, etc., unfit seed,
diseases, and improper treatment the first antuan.

Fergus (1), in 1931, makes no mention of seedling year managsment
practices in his analysis of clover failure in Kentucky. He considered
winteriilling to be the principal cause of failure and stated that "Ate

tempting to grow unadapted clovers, therefore, 1s the fundamental canse
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of clover fallure in Kentucky®. As other factors, he listed soll defi-
olencies, parasitie diseases, and leaf-hopper imjurys

. Hellowell (4), in 1934, gave essentially the same ressons for red
slover failures, namely, unfavorable soll conditions, unadapted or poor
seed, poor methods of seeding, diseases and insects, and improper manage-
ments e suggested that the clover should make four to six inches of
growth before cold weather but that blooming in the fall of the seedling
year should be prevented by grasing or high clipping.

Thatcher, Willard, and Lewls (&), in 1937, recommended low clipping
during the first summer to control ugwu-.. ..wvaw stated that since the
weeds recover from stem bude, while the red clover recovers from crown
buds, the lower the growth is clipped, the better the weods will be
controlled without injury to the clover, ﬁzﬁ also suggested removing
the clippings if they are heavy enough teo injure the stand,

In discussing the effect of clipping on mot reserves and root
systems they stated that red clover was definitely injured by clipping
after Ssptember 1, but the yleld the following year was ususlly somewhat
greater following late August clipping than when it wes not cut at all.
_g experiments also showed that allowing red clover to produce seed
the first year did not necessarily cause failure of the stand. They con~
sldered that failures whish do follow this practice are due to the late
cutting which is generally invelved, and which doss not allow sufficient
time for the plants to replenish the root reserves necessary for winter
survival .

They ales found that red clover could be clipped twice during the
first susmer without injury, although they did not resommend the practice,

Willard and Lewis (12), in 1947, reported on several years of obser—
vations and experiments on management of firat year stands in Ohic where
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the combine had been used to harvest the amall grain, In 1938, queation-
naires sent to cunty agents in westemn Ohio revealed that there was con~
siderable difference of opinion as to whether combined straw left on the

field was beneficial or detrimental to the clover stands.

Of informal experiments conducted during 1939, 1940, snd 1941, they
wroter "Cutting the stubble Lmmediately after combining and rempving
straw, stubble, hay, and weeds never resulted in damage, contrary to the
alleged 'protective' effect of the straw on legume seedlings®, Thelr ob-
servations indieated that higher ylelds of better quality hay were obtained
from plots which had Dbeen cligzpe& and the material remcved, They also obe
served that clover in the clipped plots withstood a severe dry spell bete
ter than that in areas from »hich the straw was not removed.

Nine different 'managaamxt treatments were 3£udiad from 1943 to 1945
and the results substantiated the previcus observations. In addition, it
was found that in late August of the first year, a second cutting could
be made, which yielded about 1500 pounds of clean clover hay per acre,
and d1d not injure the stand, .

On the basis of thase observations and experiments, Willard, Thatecher,
Dodd, and Jones (13) recommend that after combining, the stubble should be
clipped low and all material removed., If excessive growth develops during
the summer, it should be removed for hay by September 1. Following binder

harvest, they mmended c¢lipping once about the middle of Auguast., They
also suggest pasturing the new sesdlings in early summor if the stock are
removed as soohh as the growth is grased dowm.

Greathouse and Stuart (2) noted the importance of bullding up and
maintaining a high level of reserves, especially sugar, in red clover
roots. They cbserved that many clover plents died in early spring, after

growth had started, and from analyses made in early spring, they concluded
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SECTION IV. MATERIALS ARD HETHODS

Jocations. The work wes oarried on for two years.at four lecations
sach year with the help of cooperating farmers who had planted straing of
red clover locally adapted to their respective areas., In all but one case,
timothy was seeded in the fields with the red clover,

In 1948, two of the trials were located in Talbot county near Hasten,
one, designated as "C" on Mattapex silt loam, and the other, " " princi-
pelly on Othells silt loam with a small porticn on Fallsington fine ag%
loam. A third trial, "L", was located in Hontgomery county near Ashton
on Chester icam, and the fourth, "E", was in Washington county near Clear
Spring on Murrill gravelly silt loam.

In 1949, two trials were again located in Talbot county near Zaston,
one, "D", on Mattapex silt loam, and the other, "M ", on Matapeske very
fine sandy loam. 4 third, "0", was located in Montgomery county near the
village of Unity on Manor loam, and the fourth, "H", was in Frederick
county betwe:n Jefferson and Middletown on Chester loanm,

Ireatments. In all cases, the clover was seeded in wheat which was
eombined during the first half of July. Sixteen different management
treatments were used as follows:

1. Fo clipping; combined straw left on field,

2« Ko clipping; combined straw removed within one week after combin-
ing.

3. Combined straw removed within one week after combining; mowed
between September 1l and 153 growth removed,

4e Combined straw removed within one week after combining; mowed
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in July and the six wesk treatments were made from the twelfth to the
twenty-£ifth of August., The half bloom treatments were made at the end
of August and the September treatments were made from the twenty-first to
the twenty~fourth of September, The last i{reatments were made during the
second week of November,

Differences in growing conditions at the various locations were taken
into congidergtion when plamming the order in which locaticns should be
treated,

Plot Layout. During the first year that the trials were run, five
replicates were used and the aixtecn treatmants ware é.rrungod in five ran=-
dtm&m& complete blocks, and for these blocks a X x 16 mwmmt was
und-., éh- trial area was laid out in a single iargs block with no spaces
between single plots or betwesn rows,

Inx the second year there were four repllicates, and a 4 x 4 arrange~
ment was used for the randomised complete blocks. The trial areas was laid
out in four rows of plots with three foot alleys amaintained between the
rows in order to prevent tramping or otherwise &uturhing adjacent plots
when treatments were made, '

The size of individual plots was 10 x 20 feet. Ail)l plot corners
which lay along the perimeter of the over-all trial area w;ere marked with
bricks, which were set flush with the ground surface so as not to interfere
with maghinery. Flot areas were fenced where necessary to prevent grazing
by livestcck. All field data were recorded directly onte mimeographed
copies of the plot designs.

of the front mounted reciprocating cutter bar type. Thess machines cut a

All mowing was done with small power mowers

three foot swath and were adjusted so that they cut at s height of approse



imately two inches,

At the time of harwest of the first set of plots in 1949, eighteen
inches ware ocut off esach end of each of the plots and a three foot strip
or an area of 51 square feet was harve&ad from the center of esach plot.

In the harvest of the second set of plots in 1950, the three foot
alleys, which had been included in the plot layout, were mowed, and a
threa foot strip or an ares of 60 square feet was harvested from the cen-
ter of each plot.

‘In the seedling year treatments during 1948, field weights were taken
for the full 200 square feset from all the plots where the treatment called
for cutting and removal of growth. In the seedling year treatments in
1949, field waights were in general taken for a thres fool strip, or &0
square feet, except where growth was light, in which case the weights were
taken for the full 200 square feet,

Izmediately after outting, material to be removed was raked and then -
woighed to the nearest one venth pound, Growth cut and left was not
welighed, |

‘Moisture ssiples were taken of all material in the hay crop harvest
and all material cut and removed in seedling year treatments, In 1948 and
1949, composite samples of each m;m at each locaticn were brought to
the University farm in rubberised bags. The material was put through a
small) forage chopper and 200 to 300 gram samples ﬁm‘drhd in a foresd
draft oven for 36 hours at 60° to 70° C.

In 1950, as each plot was cut and weighod a 1} te 2 pound sample
was put intc a cloth bag and weighed in the field to the nearest gram.
These samples were placed in a corn dryer at the farm for several days
for preliminary drying, and were then placed in the forced draft oven for
four to five hours st &0° to 70° C.
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fungl cultured and isolated. Field inspection for Fusarium involved sec~
tioning the roots and orown of planta dug at random from the plots. In
the spring of 1950, the plots at one location were sprayed with chlerdane
to control szpittle bug because sn umsuzally heavy infestatlon threatened
to eliminste the clover from the plots.

It was noted in the fall and early winter that fisld mice tended to
concentrate in the plots where heavy cover was present and to stay out of
the plots where cover was light. The demage from fleld mice feeding on
the crowns of the clover plants was not uniform for all treaatments, and it
was felt that migration into the plot area from the mirrounding elipped
fields had occurred, Therefore, the mice were controlled with a phosphow
rus polson dusted onto apple slin#s which were placed in the runways,

To determine root storage of total available carbohydrates and mitro-
gen, samples wers dug f{yom selected piatg in December of each year. These

plots were those recelving treatments 1, 3, 6, 7, 10, 13, 15, and 16,
‘ A4S soon as possible after the roots were dug, they were washed thore
oughly and sutoclaved under five pounds pressure for fifteen minutes teo
kill the plants and prevent loss of carbohydrate by respiration or enzymats
ic action. Top growth was then removed, the crowns and roots dried, and
the number of roots and the dry weight for each sample was noteds The
dried roots wers ground in a Wiley mill with a 4O-mesh screen and were
stored in airtight bottles umtil analysed,

Total available carbohydrates wers deterained according to the method
described by Weinman (10, 11). Commerclal takasdiastase, purchased in the
local drugstors, gave good results with low blank values after being dias~
lyzed in a cellophane bag in ramming tap water for four days.

Duplicate analyses were made of each sample and two aliquote were
taken from each dunlicate to be reduced by Fehling's solution, Vhen more
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than one percent variation was obtained amcng the values the analysis was
repeted.

-Fitrogen was determined by the micro=-ijeldahl method, using a Xewmerere
Hallet (5) steam distillation flask, Complete directions for the analysis
were furnished by the Horticulture Department of the Unlversity of Maryland,
and included modifications involving collecting the ammonia in borie acid
and using brom cresocl gresn-methyl red comblination indicator in the titra=

tion. Duplicate analyses were made which wers required to be within five
hundredths of one percent,



SHCTION V. RESULTS

Stand Counts. ‘!‘kt average number of md cloveér plants per equare
foot for sach tx’cat.mfmr the three counts mede during 1948-1949 are
shown in Table 1, and for the elght counts made during 199-1950 in
Table 2.

fable 1. Red clover stand counts made in 19A8-49.

Treat
) D .

Bk

) 4 7.0 LS 3.0
2 6.8 beb 246
3 9.0 8.6 3.9
A 8.4 6.7 3.5
5 8.1 6.3 3.3
é 8.7 746 3.5
7 10.7 9.8 he9
8 10.3 9.0 by
9 7.9 7+1 3k
10 9.0 8.7 3.7
11 Tk 4.6 2.5
m 6’! 2 5 c’? 3' 2
13 12,1 11.8 5.7
ik 10.9 9.1 4.0
11.2 11.0 8.8 4he0

13.5 1l.1 542

1/ Averages of 20 plots per treatment (5 replicates ar 4 locations),



Table 2. Red clover stand counts made in 1949-50,

Treat— . Average Date of Count
ment Juls Auge 3Sep. Oct. Hove Feb, Apr. Jun.
i3 8 27 12 1o 25

Roe 21 16

Plants per square oot i/

1 2.1 13,3 104 Te7 5.1 4a6 3.8 2.0
2 19.4 15,6 104 6.9 Le? §.3 3.9 2.2
3 19.3 15.3 1044 81 740 6.5 5.7 2.8
4 19.8 15.1 10.4 Tads 6.0 5.5 Leb 2.5
5 0.4 1l.2 11,0 Tk 5.8 5.2 bhaby 22
6 18.8 6.8 12,8 L* % 3 6.8 Ted 6.0 3.3
7 19.1 156.9 13k 10.8 9.0 8.9 Tk 35
8 2044 16,7 12.8 9.8 Tohe 6.8 546 2,8
9 204 12,6 lgoft Fe2 Tuls Tl 5.7 3.1
10 204 1344 Mhed 1149 9.1 9ely 8.0 2% 3
11 22,6 13.0 10.6 T+6 5.6 L8 3.6 1.9
iz .4 12.8 9.2 6.6 5e2 heb 3.7 1.9
14 20.3 1647 13.0 1045 8.5 el Te5 3.6
165 197 134 13.0 11,0 8.6 9.0 e 3.8
1

2.4 15.4 12.4 10.4 9.0 8.6 Te7 3.3

1/ Averages of 16 plota per treatment (4 replicates at 4 locations).

Table 3 shows the treatments listed in descending order according
to the number of plants per square foot for the counts made in 1948-1949,
snd for the counts made in 1949-1950 from Cctober through June. Valid
comparisons among all treatments cannot be made prior to October because
the sffects of September treatments would mot be apparent for at least a
month, The fact that treatments 1l and 12 were not made until November
can be disregarded in October comparisons inasmuch as these treatments when
made showed no significant effeet on subsequent stand counts.

This table shows that even though the relative position of most of the
treatments varied from month to month, certain treatments, namely 7, 10,
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13, 14, 15, and 16, were always within the upper alf while another group,
namely 1, 2, 4, 5, 11, and 12, were always within the lower half: The re~
maining treatments, 3, 6, 8, and 9, were about average between the other

two groups.

Table 3, Management treatments by mamber listed in descending order
sceording to number of red clover plants per square foot
on c¢ates indicated, | -

Rank
< PE A% ' APTe Jun,
3 15 g 8 Zl 2 10 23
Treatment Humber
1 186 13 i3 13 13 13 i3 13
2 13 16 16 10 10 10 10 15
3 15 7 7 15 7 14 16 1,
3 13 14 8 7 16 15 15 7
] 7 8 14 V3 15 7 5. 10
] 8 15 15 16 14 16 7 16
7 10 10 3 8 9 9 é 6
8 3 3 10 6 8 ) 9 9
9 6 6 6 9 3 8 3 8
10 [ 9 'Y 3 6 3 8 3
11 5 [ 9 1l 4 Y b 4
12 9 5 5 4§ 5 5 ] 5
13 11 12 12 3 1L 1) 2 A
15 1 1l 1 5 12 1 1 i
15 2 2 2 2 1 12 12 1
16 12 1 11 i2 2 2 11 i2

Analyses of variance of the October and April stand counts for the
two years are shown in Tables 4 and 5. High significance was cbtained in
all cases except between years for the Cctober count,

The high signific:nce for blocks and for locations indicates that

-factors other than the management treatments used had considerable effect
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on stand survival, The high significance shown for the treatment by loca~
tion and treatment by year interdctions, indicates that these other fao-
tors, such ss soll type, fertility, molisture, or weed competition, whizh
varied betwesn blocks and espeeislly between lecations, had some influence
on the relative effects of the treatments used, However, when the calow-
lated F values for the interactions are compared to the calculated F values
for the treatments t:hmaélvu » it is obvious that these intersctions, even
though highly significant statistlically, are of relatively mﬁ. practical
importance, especially in the April counts.

The fact that the differences between yoors were not significant in
Octover, but were highly significant in April, reflects the influence of
the winter weather on stand survival, The winter of 1948«1949 was rela-
tively mild with an early spring and little loss of stand, while that of
1949-1950 was characterized by an extended wamm period in Pebruary, fol=
lowed by severe eold and dry weather, which caused considerable reduction
in stand at ths Montgomery and Frederick county locations,.

Table 4, Analysis of variance, Red clover plants per square foot for
elxteen treatments in October 1948 and 1949.

Sourve S13s_ DeFe MaSe F. (cale.)
Total 985,239 560

Blooks 49,506 28 1,768 a3 o
Treatnsnte 193,761 15 12,917 31.66 =
Years T VPG : e AT
Tr. x Loc. 115,266 90 1,281 3.1,
Tr. x Tr. 21,469 15 1,431 3.51

105 408

Error 3-65, 361
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Table 5. Analysis of Varianes. Hed clover plants pqi- square foot for
' sixteen troatamts in April 1949 and 1950,

—Sourse S8 DFe kS, P (eale)
Total 638,994 560
Bloeks 554206 28 1,972 6.99 ##
Treatments 214,363 15 14,291 50,68 ww
Locationa 126,530 6 21,097 The8)l &
Years 514309 i 51,309 181,95 =
Tr. x Loc, 64,870 90 722 2+56 4
Tre X Ire 12,279 15 819 2,90 ##
Error 114,387 405 282

Table & shows the two year treatment averages of plants per square
foot for October and for April, arranged in descending order. The least
significant difference (L.S.D,) between trsatments for October is 0,93
at the five percent level, and 1.22 at the one percent level, and for
April is 0.78, and 1,02 respectively,

From the standpoint of hay }i«lﬁ, April iz the more importamt of the
tm montha, Spot checks and parkial counts made during May indicate vthat
!‘.here is very little loss of stand once growth is well started in the
spring.,

Comparison of the L.S.D, with the differences between treatments in
April shows that 13 with the highest stand count is significantly better
than 16 which has the second highest count, Treatment 16 is, in tum, sig-
nificantly better than 7 which ranks third. Treatments 7, 10, 14, 15,
rank from third to sixth respectively and there are no significant differ-
ences smong them. All of this group are significantly better than treatw
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ment 8, which ranks seventh. Treatment 15 is significant over 3, which
ranks eighth, and is highly significant over 6, whiech ranks ninth. It
should be noted tﬁai‘. with the exeaptiocn of 8, which has the growth left
at the second e¢lipping, all of these nine treatments best in relation teo
stand count, call for one or more clippings with removal of the mowed

growth,

Table 6, Two year average stands of red elover in October and April.

Treat- k P%mza per

Rank

ment 8G. g 9

1 13 1255 i3 10,30
2 16 11.95 16 FehO
3 15 11,00 7 8.60
4 7 10.75 10 8.35
3 14 10,70 14 8.30
6 10 10445 15 8.10
7 8 10.05 8 T30
8 6 9.05 3 715
9 3 8e55 6 6.80
10 9 Be55 9 6440
1 L 7.90 4 5.65
12 5 T75 5 5435
13 1l 7450 i2 (4]
i 1 Te35 2 b4l
15 2 5.85 1 415
16 12 6.40 11 4.10

LeS.D at 5% level ~— ,93 LsSeDe at 5% lovel -~ ,78
at ]5 level — 1,22 at 1% level —- 1;92

Yields. Table 7 shows the average treatamsnt yields at the first cut~
ting for each year; and for the two years comblned, arranged in descending
order. The least significant difference between two year averages is 166
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at the 57 level and 218 at the 17 level. Comparison of these least signife
lcant differences shows no significant differcnces among the first six
treatments, 16, 7, 13, 10, 8, and 3, in that order. Only the first two,
16 and 7, are significant over 14 which is in eighth position. It should
be noted that this group of treatments is identical with the sight highest
treatments in the April stand count,; even though they are nct in the same

order.

Table 7. Dry weight yields of red clover for fipst cutting at all
locations, Treatment averages for each year and for two

Yeara,

%M ' l?‘m 2 & \

Rank rea Lbs. per Tr ibs, per Treat- ﬁa, per

280 Rexe .. peat acre mant aeore
1 7 1680 16 930 16 1270
2 16 1620 14 880 7 1270
3 10 1610 i3 860 33 1210
4 13 1560 7 350 .10 1190
5 3 1520 8 810 8 1140
6 8 1570 15 8OO 3 1130
7 15 1360 10 780 15 1080
8 9 1270 3 T4 b 1060
9 i2 1260 9 620 9 0
10 & 1240 4 610 N 930
11 14 1230 [ 560 2 830
12 6 3020 5 450 6 790
13 5 990 12 410 5 720
¥ X 11 2890 2 360 11 610
i5 1 860 1 360 1 610
16 2 700 11 330 2 530

LeSD for two yeer aua"agi, at 5% level «~ 166
at 1% level —~ 218

Table 8 shows the two year average yiélds at the second cutting,

" These averages are for five locations only, two being harvested twice in
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the first season and three in the second season, As nearly as can be de-
wrmina& from the limited amoux&t oi‘ a’iﬁspmai;iénwhidh was 'm’wi’&}.‘e; the
stand losses which oecurred bef.mm the first and the second harvest at
the other three locatiohs were ﬁi;s o a combination of factors, principale
ly Fusarium, dry weather, low fertility, and insects. 4igaln it should be
noted that the eight highest treatments are ldentical with, though not in
the same order as, the eight tresatments which are highest in the spril
stand count and highest in first cutting yields.

Table 8. Two year averages for five locations of ? weight
¥ields ef rad clover for second cutting.

30
320

woEE wore webl <EBRE
3

REFE BEBo awou swow B

1/ Two locations harvested in 19493 three locations harvest in 1950,

The analysis of variance for the first cutting ylelds for the twe
years is shown in Table 9. Significance ab the 5% level was shown for
bloek differences and for treatment by year interactions, while high sigw-
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nificance was shown for all other scurces of variation. As with the plant
ocunts, the high ecaleoulated F value for the treatments compared to the
treatment interasctions indicates that the effects of season or leocation
on treatments are of relatively little practicgl importance. The treat-
ments tend to fall into high, medium, and low groups with the interactions
changing the order within groups, but only occasionally causing a treatw
ment to change to a different group.

Table 9. Analysis of variance. Red clover yields at first cutting
of sixteen treatments for two yszarsa,

Source 5.8, D.F. He8. F. (cale.)
Total 67hy817 558

Blocks 12,951 28 463 1,68
Treatnents 73,303 15 4,887 17,71 %
Yers T lsme D ddear e -
Tre x Loc. 52,237 90 580 2,10 ®®
Tr. x Yr. ToLid 15 K76 1.2 #
Error 111,039 403 276

Location ylelds, which show an exceptionally high significancs, ars
given in the following brief table which also includes second cutting
location yields.
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Table 10, Dry weight ylelds of red clover. .iverage of all treatments
at each location used in two years.

Loecation and Year of harvest

1949 1950
¢ L ¥1 E o K 0 5

L4

1st outting 1920 1420 1090 625 1500 695 325 80
2nd cutting 510 256 ceee  —— 170 550 358 -

Factors which, from observations, are believed to be at least partly
responsible for these considersble differences will be mentioned briefly
here,

At the "C" location, wnhieh produced the highest average yield for the
first cutting, ‘there was no ﬁmthy pizmm with tiu slover, and therefore
the only competition sulfered by the clover was from weeds which volun~
tesred in the poorer treatments. The lask of 'eérsw&it}nn from an assosiat~
ed grass is considered to be an important factor in the pméae?ian, at this
legétwa, of a clover yiald five undred pounds, or 35% grmt& than that
at the "L" location which had the next highest 1949 yleld, sné L20 pounds,
or 25% higher than that at the "D" location which had the bm 1.950 yield,
at t.ho latter two locations there were moderate amounts of timtkgv and
ryegrass mpwtivcly, while other factors such as fertility levels, mois-
ture, and stand counts were essentially the same.

loderate stands of timothy were also present at the "iy" and "Mp"
locations, but average ylelds were considersbly lower than at the twe pre~
viously mentioned locations, This is considered to be due to a relatively
lower fertility level, and the fact that the lowest stand counts ia Lheir
respective years mezﬁ at the “, " and "My* locationa,

At the "E» location, stand counts were relstively high and early
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spring growth was normal, but by mid-¥ay the plants on more than half of
the plot area appeared stunted and unhealthy, and by June none of the plants
were as large as they normally should have been, The cause or causes of
this abnormality were not readily apparent and sufficlent observation to
deternine them was not possible, It was suspected that drought and low
fertility night have besen at least partly responsible, as even ‘the compets
ing weeds and timothy did not appear to be growlng with their normal vigor,

The low first catling ylelds at the "% and "H" locations are primari-
1y due to spittle tug injury. In late ipril, the plants in these stands
were making good growth, and there ware safficiontly good stand counts to
make a good yleld, at least on the better treatments, when the severe gpite
tle bug mggmu@ developed. The plants were stunted and had the appear-
ance of being "sucked dry", some even showing a reddish coloration of the
leaves similar in sppearance to potassium deficlency, The "H® loeation
was treated with a chlordane spray mhich is believed to have bean effesc~
tive against the insects, but which was too late to save the clover. The
clover at both of these locations was also sublect to competition from
fairly heavy timothy stands,

The second cutting ylelds in 1949 show the effect of dry weather dure
ing July, while those for 1950 show that growing conditions were more nor-
mal during that year,

The high significance betwesn years shown in Table 9 is largely a re-
flection of the spittle bug injury at the ®"0% and "H® locations and the
poor stand at the "™Mo" location. The 1949 average yield per acre for sll
treatments for the first mtting was 1260 pounds and for 1950 was 650 pounds.

Seedling year average ylelds were also calculated for all treatments
where growth was removed, These are shown in Table 11,
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Table 11, Two year averages of seedling year dry wseight ylelds
from red clover experimental plots,

Treatment Material harvested
Bo,. Straw ~° Steaw & Straw Stubble Clover
Stubble Stubble Qlover &
Clover & VWend

Yeed

Founds per Acre

3 1400 e e 2350 —
13 i 1950 R — 1620
1, 1400 — - 2110 -
16 1400 a—— - L20

2110

1/ Treatments 1, 5, 9, and 11 have nothing removed.

Treatments 2, 3, 4, lk, and 16 give straw for bedding, the yield of
wiieh depends on the small grain crop and how the combine is set. By clip~
ping the stubble before gathering the straw, as in treatzents 6, 7, 8, and
13, the yield of bedding material may be increased 30 to 35%, in addition
to controlling weeds and making it possible to harveat clean clover hay
later in the summer. This is done in treatment 7, which gave sn average
of 1480 pounds of c¢lover hay per acre in carly September. In treatment 13,
1620 pounds of clover was produced which was harveated ak three subsequent
aw@%»a&u in 1948 E.& two in 1949. .nw»a treatment simulates rotational
grazing.

Yaterial harvested as in treatment 10 or 15 during August, will make
poor hay at best, due to the stram and stucble whlch has been left on the
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field, and to weeds, if they are present. Material from treatment 12 will
be poor even as bedding due to the fact that by Kovember most of the straw
is partially decomposed and the dead weed and elﬁvir growth 1s woody and
not very absorbent,

The guality of the material harvested from plots which have had the
straw removed, as in treatments 3, 14, and 16, depends to some extent on
how much stubble was left on the field, but prineipally on how much weed
growth is present. In treatment 16, a second clipping in September follow-
ing the one in August, gave an average of 420 pounds of clover hay per
acre.

The treatmants which are the best in relation to yleld of forage or
bedding during the seedling year, 3, 7, 10, 13, 14, 15, and 16, are the
same group which maintain the higher stand counts and produce the most
¢lover in the hay crop.

Boot Reserves. The results of the chemical analyses for total avail-
able carbohydrates and for total nitrogen are shown as treatment averages
at locations in Tables 12 and 13 respectively. The overall averages and
the location averages are also shown in these tables. Only three locations
are reported for the 1949-1950 season since the stands in the plots at the
"i{," location were too poor to furnish a full set of replicated samples,

The analyses of variance for carbohydrate and nitrogen percentages
are shown in Tables 14 and 15 respectively. High significance was obtained
in all but two cases, blocks and treatment by year interactions for nitro~
gen showing significance only at the 5% level., As in the case of stand
counts and of ylelds, the calculated F value for treatments is so much
greater than that for the interactions, that the latter do not assume any
great practical signifleance.
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For eaxbuh.ydratéa s treatment differgnc« are approximately equal to
location differences, vwhile for nitrogen, treatment differences are con=
siderably less than those between locations. This indicates that carbo~
hydrate ressrves can be controlled 'co‘a considerable extent by the man-
agenment practices used in this study, but that nitrogen reserves are more
dependent on cther factors. This same conclusion can also be drawn from
a comparison of treatment and locatlion averages for percentage of carbo-
hydrates and nitrogen (tables 12 and 13), For carbohydrates, the treat~
ment aversges range from 24,38 to 3l.6%, a difference of 7,3%, while the
location averages range from i&.@% to 32.6%, a difference of 6.,6%, For
nitrogen, the treatment averages range from 2.59% to 2.79%, a difference
of only 0,20%, while the location averages range from 2.42% to 3.07%, a
difference of 0.65%, or over three timss as great as the treatment range,

Another interesting comparison is betwesn the "C* and D" locations
in Table 12, At the "C" lecation, where tall growing weeds were prevalemt,
the treatment range is 15.7% from treatment 10 which is high, to ireatment
1 which is low., At the "D" location there were very féew weeds and the
treatment range is only 2,8% with treatment 1 being high and 13 being low.
This indicates that weeds which will overshadow the plants must be con=~
trolled in order for carbohydrate reserves to be atored, These two loca-
tions were considered to be the best in regard to fertility and moisture
and they are also the highest two in nitrogen root reserves (table 13).‘
These facts lend further support to the conclusion that carbohydrate re~
serves are increased by clipping practices which contrel weesds and allow
more sunshine to reach the 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 late December,
Aversges for treatments given by locations,

Treat- Location and Year Treatment
ment 194849 194950 Averages

No. ¢ ¥y ] L 0 H D

Percent of carbohydrate

1 14,7 29,3 29,3 22,0 22,0 222 30,9 24e3
3 29,9 33,8 334 30.9 36 29.9 29.8 314
6 2447 3243 281 26,1 2762 2342 30.8 2745
7 27*1 33-2 3&-0’9 3205 .3109 300»7 30.7 3\1¢§
10 ok a9 a3 3009% 29,3 207 0.2 2.5
13 27.4 06 33,7  30.1 28,1 27.6 28.1 29.5
15 25.3  33.2 317 0.7 0.3 31,0 0.7 0.4
16 28,5  33.9 33.3  30.4 b 31 307 3.4
Location
Averages 26,0 32,6 323 29.2 29,0 2842 30.2

1/ Trestments 1 at "0¥, and 10 at PL* caleulated by mlssing plot foremla.

Table 13. Nitrogen percentages in red clover roots in late December.
Aversges for treatments given by locations.

Treat~ Location and Year Treatment
ment 190849 . 194950 Averages

No. G ¥y, R L 0 H D

Percent of nitrogen

1l 273 2,69 2.56 2.80 2-721‘/ 2,60 3,06 273

3 2,. 70 MéS 2.42 2.6 2.6  2:38 31 2,63

7 2»7’7 2:5h 2,31 268 2.58 2448 2,98 2,62
10 2.75 2468 237 2.6 278 273 3.20 2,73
i3 2.Th 256 232 244 2.6 2.52 3,00 259
15 24B6 2480 2.57 2.80 267h 2470 3410 2:79
16 276 275 2438 2,63 2467  2:49 3413 2468

Losation .
Averages 2.7k 2,68 242 2,70 2,66 2.56 3.07

1/ Treatments 1 at "0", and 10 at "L" caloulated by missing plot formula.



Table 1l4s Analysis of variance., Carbohydrate psroentages
in red clover roots for eight trestments for

t'}u Jears,

Source 8.8, D.F. HeSe Fe (eale.)
Total 469,289 243

Blocks 27,450 25 1,098 242 e
Treatments 152,044, 7 23,72 k7495 W
Locations 122,465 5 24,493 5407
Years " hy832° i 43832 10467 #
Tre x Loc. 78,494 35 2,243 ETEES
Trs x Yr, 10,159 7 1,45 3.20 ##

Brrop 734845 163 453

Table 15. Analysis of variance, Bit.regw percentages
in red clover tools for sight treatmemts
for two years,

Source SeSe DeFs HaSe Fa (ealm)
Total 132,738 213

Blocks 54299 25 212 171 #
Treatnents 30,297 7 1,47 11,86 =
Locations 734048 5 14,610 117.82 =&
Years 10,037 1 10,037 80.5:, ™
Tre x Locs 11,472 35 328 2,65 %
Tr. x Ir, 2;396 7 %2 2{\7& *®

Error 20,189 163 124

Table 156 shows the treatment averages of percent of carbohydrate and
nitrogen poot reserves arranged in descending order. For carbohydrates,
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treatuents 7, 10; 3, and 1.6 are high with np as.,gnizi.emt difference bew
tween them. Treatments 7 and 10 are Jtmt aignifimt over 15, while 3 and
16 are highly aignifie&nt. over 13. Treatment 13 is highly significant over
6 which in tum is highly significant over 1. For nitrogen, 15 is signife
fcantly the hl.&haat.,. with 10, 1, 6, and }.é appearing in thnrt nrﬁr with

™ significsnt difference betwssn them. Treatments 3, 7, snd 13 ave the
lowest and there is no significant difference within this £roupa

Table 16, Average pereent of carbohydrates and nitrogen
in red clover reots.

 Eitrogen
.,,‘ Laent ¥ Averase 3
1 7 3.6 15 279
2 10 3145 10 2,73
3 .4 1 2+73
& ) - 31.4 6 2470
b 15 i+ 1Y 16 2.68
6 12 2945 : .3 263
1 6 275 7 2.62
8 1l 253 13 2459
Le34D, at 55 leval ~ 1,04 LaSDe 8% 5% lavel ~ 055
at 13 level ~ 1,37 8% 18 level = 072

The roots and crowns on whish the foregoing analyses were made were
mgw prio‘r to s:ia!ing, and the average air dry weight per root calou~
lated for each sample. The analysis of veriance for the root. weights for
the two years is shown in Table 1?. Highly significant calculated F values
were obtained for all but the year differences.



Table 17. Analysis of variance. Average red clover root weight
for eight management treataents for two yearas.

Source 843, DJF. HeSe Fe (B&l@#)
Total 40,207,792 243

Treatmenta 2,421 , 1,25 7 345,918 438 #%
Locations 11,329,517 5 2,265,903 28,71 o
Years 12,14 1 12,148 —

Tre x LoC. 7’%‘;933 35 229,1&1 2.79 #%
Tr. x Yr, 2,094,888 7 2994270 3,79 un

The treatment averages arranged in descending order are shomn in
Table 18, There is no significant difference betwessn the best six treate
ments, 16, 10, 7, 3, 15, and 6, however each was significant over 1 and 13,

Table 18, Average air dry weight of red clover roots
dug in December for chemical analysis,

Bani
1 16 +885
2 10 885
3 7 +875
4 3 «870
5 18 +860
6 6 «780
7 l «658
8 13 +635

at 1% level — 0.180
1/ Dry weight in grams, sverage of 32 plots per treatment with 10 to
15 roots per plot,
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Correlations. Comparisons of the tables which have been presented
indicate that certain correlations exist. The most obvious of these is
that betwesn yleld and plants per square foot. The treatment averages
for all sixteen treatments for clover ylelds and plants per square foot
in April at the various locations were compared, giving a total of 123
eomparisons with a positive correlation coefficlent of 701, which is
highly significant,

Comparisons of plot ylelds to plot stand counts in April for the
eight treatments which were selected for chemical analysis were divided
into two groupe, one in which the stand counts were less than ten Plants
per square fool, and another in which the stand counts were ten or.mm-
The correlation coefficients for these groups had to be calculated sepa~
rately by locations, due to location yield diffsrences which were caused
by factors other than stand density.

Table 19, Correlation of red clover hay yields with April stand counts
of less than ten and of ten or more plants per square foot
at five locations.

n » n r
¢ 15 #.505 a% 25 -+0084
¥ 33 +.407 ® 7 -e169
B 24 #5321 B& 16 +.0035
Y 25 $.398 * 7 -e592
0 25 #.565 «* 7 -e 501

Table 19, ahév-o, shovws the numbers of comparisons and the correlation
coefficients for the two groups at the five locations which had plots with
over ten planta per square foot. Bither ai@aﬁie@co or high significance
was obtained at #ll locations when the plant counts were under ten plants
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per synare foot, while no significance was shown at any location when the
counts were over ten, These correlations indicate that stands of over tem
plants per squere foot do not significanily incresse yleld, and that if
eight to ten goued plants per square foot are present during the spring
growing season, the yield will be controlled by other factors, among which
ars fertility, moisture, insects, and weed or grass ccmpetition,

Comparisons of first cutting ylelds to second eutting ylelds gave oore
relation coefficients ranging from $.688 to $,937, and comparisons of eash
yoar's average April staind coumts to each year's vﬁfirign}l@tc June stand
counts gave a oorrelation 'mnffiuimt of $.965. These were highly signif-
ficant in all cases,

It is possible to compare yields with total avallable carbohydrstes,
with nitrogen, and with average root weight, but due to the time interval
between December, when the root szmples for chemical analysis were dug,
and June, when harvest was made, and to the numerous other factors which
exert their influence during this time, it is belleved that the indirect
relationships involved are not sufficient to make the compariscns valid.

The carbohydrate and nitrogen percentages for individual plots were
compared, glving a total of 261 comparisons with a negstive correlation
coeffiocient of «.185 which is just significant at the 1% level. In the
carbohydrate percentage to meéagn mt. weight comparisons, a pésitiﬂ
correlation cosffiolent of $.458 was obtained for the 261 comparisons.
Hitrogen percentage compared to average root welght gave a positive co-
efficient of $#.154 which is significant at the 2% level.

These laost two correlation coefficients indicate, as might be arpect~
ed, that the larger plants contain a greater percentage of root reserves,
and therefore stand a better chance of surviving the winter and are better
able to initiate vigorous growth in the spring. The negative correlation
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shown by the carbohydrate and nitrogen percentages is believed to support
the statement made earlier that carbohydrate content 1s strongly influenced
by the management practices used, but that nitrogen comtent is primarily
influenced by other factors. Assuming that this is true, the amount of
nitrogen in the roots would be fairly @natant from one treatment to anoth-
er, while the amount of carbohydrate would vary, and of course, as the
amount of earbohydrate increased, the percent of nitrogen would decrease.
The negative correlation obtained supports this point. The faot that both
garbohydrate and nitrogen are positively corrslatec with root weight, while
being negatively correlated with each other, may be explained by the fact
that the amount of carbohydrate is approximately ten times that of nitrogen.

Diseases. The most prevalent disease observed in this study was a
erown and root rot caused by Fusarium specles, During the first winter a
mmnber of cultures were made from plants showing a brown discoloration of
the stels of the tap root or the center of the crown, and Fusarium was iso~
lated in every case. The color of the mycelium in culture ranged from
white to pink and lavender, indicating that several different strains were
present,

In March of each year random samples of plants from all locations were
dug and inspected for the presence of Fusarium. They were classified into
four groups according to the degree of infection, and the percentages of
infection wers caleulated as shown in the following table:

Tabis 20. Red clover roots and crowns infected by Fusarium
at all locations in Karch of 1949 and 1950.

Year Degree of Infection : Total %
Hone Light Hedium Heavy infected

1949 1 425 4% 15% 81%
1320 274 208 20% 188 7%
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¥any of the infacted plants were large and growing vigoreusly even
though the tap root or crown, or both, showed scriocus damage, It was
found by spot checks whiuch were made in Hay of 1949, and represented all
treatments, that the number of plants had been reduced less than 7% since
the April count in spite of the fact that approximately 80% of the stand
was infected with Fasarium,.

These observations indicate that this disease does not seriously
impair the spring growth of clover provided tk~ plants come through the
winter with sufficient reserves to get growth well started. Plants with
sufficient photosynthetic area and adequats fseding roots can, if given
good growming conditions, produce a good crop of clover evemn 1f the tap root
and ;m't of the crown have been destroyed. However, when the hay crop is
harvasted, the photosynthetic area is removed and the plants must depend
on roct researves to initiate second growth,

A comparison of the April stand counts te the Juns, or after harvest
counts, shows an average loss for all locations of 51%, most of which oc~
curred after harvest, Inasmuch as the recovery of the plants depends pri-
marily cn how severely the tap roots and croms have been damaged, and
since Fusarium was present in over 75% of all plants inspected during the
spring months, it seems reasonable to belleve that this disease is prima-
rily responsibls for the loss which oceurs within a short time after har-
vest, | o

Fusarium is eonsldered to be a segondary infection, entering the roots
only after they have been injured by some other sause. In Pennsylvania,
Henderson (32) considered the clover rcot borer to be largely responsible
for the entry of Fusarium into elover roots in that area, Howeyer, this
insect was not found at the locations vhere this study was made, Obser-
vations made when sectioning roots to detemine the extent of infection,
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indicate that in many cases entry to the crown might have been made through
decayed stubs of crown buds or cut stems, and to the roots, through breaks
in t?ée.g;;idemis. ’fkﬁa causes of these breaks were undeternined, although
some aiﬁpaarac: to ‘be caused by traspling or :aach@iiéal 'hxjﬁﬁasj am!" others
sould have been caused by various soil inseets, such as wireworns or the
so~called free living nematodes,

Another disease which shows a brown disccoloration in the root and
orown is caused by a virus infection. However, it ias easily dlstinguished
£rom Fusariua by the fact that the cambium layer is dlscolored rather than
the stele, =nd in addition the leaves present an abnormal and stunted ap~
pearsnce. Only a few isolated plants were found which were infected with
virus, and it was consldered to be of minor importance,

At the "0" location in 1949, the dleease known only as "Rlack Patch®
was easpeclally severe., It was 1dentified and the causal organism cultured
by Dr. LeFsbvre, Forage Pathologist of the Forage Crop Divieion, UsS.D.A.,
bul as no spores have Aao far been found or produced, it has not been iden-
tified as to genus and species. The disease attabks the leaves causing
the entire leaflet to dry and turn brown, and it is named from the very
dark, practically black, color of the mycelium,

At the location where it was severe, early clipping and removal of
growth proved to be & striking preventive measure, Plots which were mowed
in July showed slmost no infection, even though they were adjacent to une
mowed plots which were 90% to 95% infecteds It was also controlled by the
August and September mowings which were made after the dlsease had become
established quite uniformly throughout the plots which had not been olipped
sarliers In genersl, the later the cutting was made the lower the plamt
ocounts obtained, but those plants which recovered grew normally with ne
further sigzn of the disease. The plants which survived in the unout plots
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were 30 few and so small that it was impossible to secure an adequate samw
ple from the #1 treatment for chemical analysis without digging much of
the plot area.

QOther :ﬁ.wasés which ocourred but were nct serious, were Powdery lile

dew, Drysiphe polyzoni D.D., and a a1l leaf spot fram which Stemphylium
inaeforms (Cav,) Tiltshire was isclated. Neither southern sntirasnose,

34
golletotrichum trifolil Bain and Bssary, nor sclerotinia, Sclerotinis iri.
foliorum Erika, was observed at any of the Matim in this study.

Sericus loss due to winterkilling, wh iéh is not strictly a disease in
the pathological sense, but a physiological result of reserve depletion,
eccurred during the second winter at the ';}i“ locations As mentioned before,
the first winter was very mild and there was little loss of stand, in fact,
some plots especlally those under trsatment 12 were observed to make growth
and actually ‘inorocase in size dgring the winter monthe, During the second
winter, an extended wam period during the last half of February caused -
premature initiation of growth with consequent depletion of reserves,

This wam period uga terminated abtmt the first of March by a ccld spell -
which was most severe at the "H" location, due to its being located in the
Middletown valley, which is considersbly further inland and at a higher
 elevation t;hah the abh;r leea&iorih um‘ tb&fsj yesr. About the gsig?ﬁls of
Harch when the Fusarium samples were collected, practically all plants in
the omerts field and many in the plot area presented a withered appearw
ance, and a number of these were brought to the University of Maryland
Flant Pathology Division of the Dotany Department, No disease was found
other than the Fusarium which was present in a few of these plants, but
since it was also present in approximately 75% of surviving planmts, it
could not be designated as the oritical factor in plant survival at this
location. When the preceding weather conditions were taken into consider~
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Both the larvas and the adults feed on young clover leaves, but in this
case little damage was done due to natural control of the insect by a
parasitic fungus HDgpusa sphaeyoperma Fres., which infeoted and killed
practically the entire infestation.

In early October of 1949, it was observed that many of the small new
leaves on plants st the "0" location in Mentgomery county were being killed.
Examination showed that the damage was caused by a mmall lepldoptercus
larva vhich was identified by Dr., Poos of the Bureau of intomology and
Flant Suarantine of the UsS.Dsde as the clover head caterpillar, Laspeyresia

ng Clemens, which is known to attack the clover crown growth

if heads are not present. This insect bores intc and down the peticle of

a young leaf, emerges near the base of the peticle within the protection of
the stipules, and feeds on the young growth at the tip of the stem. A rmm~
ber of plants which were known tc be infested were marksd and were exam-
ined again in November, at which time no trace of the insects could be
found. From observations of piwts in various plots under different treat-
ments, and of plants in other fields in the county, it was concluded that
damage was slight provided the plants were growing vigorously, but that it
could be severe if the plants were growlng slowly or not at all due te
drought, low rmilit.y, or excessive weed competition. vhen growth is rap-
id, the insect damages one or two leaves by eating the newly produced tie-
sues, btut whan the piant is growing very slowly, the growing poimt itself
may be eaten out, which stops further growth of the stm;

The clover head caterplllar was found again in the spring after the
first harvest, and it was considered to be a contributing factor teo the
almost cmmplete loss of stand on even the best treatments at the "H® loca~-
tion where the soil moisture was quite low and growth wag poor and slow
during June, Two other similar insects found at this location on July 1
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were identifisd through Dr, Foos as a species of Curculionidae, Hypers

(Fa)y and a species of Tortricidas, possibly irgyrotaenia
yelutinana (Wik.)

The larva of & small fly which wmas identified as a speclies of Oscin-
glla of the Chloropidae Jamily, was found in the fall, but only on small
dead plants which had been overshadowed by dense weed growth, Since it
was never found on live plants it was not considered to be of importance
in relation to the clover stand,

Field mice tended to concentrate in the plots which had the taller
and denser growth or cover in the late fs.n., notably treatments 1, 2, 5,

6, 9, 14, and 15, ar! to remain almsst completaly out of the plots where

the growth was short snd the cover light, such as treatments 3, 7, 13, and
16+ The crowns of clover plants growing along the edges of mouss rumways
were often cdamaged severely by mice. Since this damage was not evenly dis-
tributed among all treatments, and since it was thought quite possible that
mice had migrated from the surrounding clipped fields to the unclipped plots,
control measures were taken against the mlice. Appls slices treated with
phosphorus poison and placed directly in the rumways eliminated practiecally
31l damage from this source.



SECTIOR V1. DISCUSSICR

The following discussion will be limited as much as possible to the
objedtives of the study as listed on page 6.

¥hen and Why Losses Opoups Stand count results show that there is
constdereble reduction in the musber of red clover plants during July, Au-
guat, and September ef the usdling year. It is Minoé t!nt the primary
cause of these first sunner losses is plmt uempotimn, or muding oub
evt' the weaker plants by the stronger and more vigorously growing mma..

'rhiz bcliaf is supported by the ubsm&tm that the individual planu

were usually smaller on the plots rhiah had the higher stand counts, 'fhua
plots were in general those which were mowed more than oncs during the mus~
mer, the clippings keeping the plants smaller and thereby reducing crowding
or competition between plants.

m next most importamt factor in summsr losses is considered to be
shading. In less than four weeks between the July and August stand counts,
plots which were mowed and had all growth removed lost 19.3% of their stand,
those that had only the striiu rewved loat 213, those on whioch the straw
was left lest 36,7%, and those which were mowed and had the cut growth plus
the straw left on, lost 43.5%. It can be seen from these figures that the
denser the shade on the seedling plants, the greater the stand losses,

The question naturally arises at this point as to whether or not conditions
on the unclipped plots were more favorable to disease, and whether or not
this might be the reason for the greater stand loss, FHowever, close obser-
vation throughout the summer failed to turn up any evidence of disease
other than the "Black Patch® infection mentioned previously. However, this
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dissease can be ruled out inasmuch as it was equally severse on plots where
the straw vwas left on and where it was removed, and wes not severe on the
plots which were ¢lipped and the out growth left on,s Also, in the Ohie
experiments (12) Willard could find ro disease respensible for the greater
lose of stand when the siraw was left on the field.

A clue pointing to shading as the responsible factor 1s found in the
work of Virtanen and Nurmia (9), who found that second year red clover
plants which were overshadowed by grass and tall weeds used up their root
reserves during the summer and did not replace them, This seems to indi-
cate that the clover plant requires a certain amcunt of direct sunlight in
order for the chlorophyll to produce sufficient carbohydrates to suppiy
the plant needs. In a seedling plant these needs are three-fold, to build
the tissues of new root and top growth, to build a root reserve; and to
furnish energy necessary for the roots to take up both water and mitrients
from the soil, If second year plants overshadowed by grass and tall weeds
eannot produce enough carbohydrate for maintenance, it seems reasonable
that seedling plants cannot be expected to produce encugh under the same
conditione to increase in sigze and plant weight.

Willard (12) noted that plants on elipped plots withstoed drought
bstter than those on unclipped plots, an observation which was also made
in thie study. One reason for this may be the fact that clipping reduces
the transpirational area, and ancther is no doubt the fact that ¢lipping
reduces the competition for moisture by controlling weeds., Another ;wasim
ble reason might well be $hat clipping allows direct sunlight to reach the
plants and this could eause indreased photosynthetic activity, which may
cause the plant to make more efficient use of the limited amount of mois-
ture available under drought cenditions.

Competition for mtrients is also coriidered to be a factor in the
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first season losass, especially if the plants have to compete with weeds
which are more efficient fo,dera, and which, if tha- fertility level is
low, may reduce the mpg:lj of evailable nutrients te below the level at
which the less efficient clover plants can survive.

Under some conditions, dlseases may also be an important factor in
summer stand losses, however this occurred at only one location in this
study and the disease was eontmllad by the better management practices.

To summarize the causes of first summer losses, it may be sald that
a certain ammount of loss appears to Ee inevitable, éwn under the bost of
management practices, and that this loss is due primarily to sompetition
for gmﬁng space, or the mwding out ¢f the weaker plants. Reasons for
additional loss under less favorable treatments include shading by straw
or clipped growth left on the field, diseases under some conditions, and
competition from weeds for light, moisture, and mtrisnts, The lstter
eonclusion is substantiated by the fact that st locations where there were
very few or no weeds, reasonably good stand counts were maintained on une
¢lipped plots,

Fall losses, during Ootober and November are considerably less than
summer losscs, and are considered to be due to essentially the same fag~
tors. However, competition between clover plamts ig less because fall
growth is slower, and weed compstition is less because many of the annual
weeds die out during early falls, Insects, such as clover head caterpillar,
may cause some loss in early October under unfavorable growing conditions,
and 1f weather conditions are favorable for diseases such as mildew or the
f£all leaf spots, thess ould kill wesker plants during the fall, as well
as weaken the stronger ones so that they would be more apt to die during
the winter montha,

Whether or not excessive losses ocour during the winter months will
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depend largely on the strangth of the plants or the amount of root reserves
present, and on the severity of the winter weather. There are three common
types of winter injury, actual freezing of the root or crown tissues by exw
trenely cold temperatures, depletion of root reserves before spring growth
starts as reported by Smith (7), and heaving, caused by alternate freesing
and thawing of the =oi) which tends to 1ift the orown above the surface of
the scil exposing it and part of the tap root to desiceation by sun and
wind, Heaving may also cause breaking of many of the smaller roots.

The first type of injury, sctual freesing, 1s not expected to be
common in Maryland, except in the western counties with high elevations,
Reserve depletion and heaving, however, were both noted in this study, and
may be expected to be found anywhere in the state when weather and other
conditions are favorable for their oceurrence,

Reserve depletion losses, which have been discussed previously (p. 37)
are belleved to be responsible for most of the loss which occurred between
February and April stand counts. Heaving was observed during both winters
on plots where the ground was bare around small plants, but injury from this
source was not extensive and was limited principally to treatment 12 in
which growth was clipped and removed in early !iovmbsr;

The sharp drop in stand count immediately é‘t’ter hay harvest is consgide
ered to0 be due to a combination of factors, the principal one baing Fusari-
um, which was present in 75% to 80% of the plants at 211 locations in the
spring of both years. This disease which has been discussed previously,
(ps 35), destroys the tissues in which the root reserves are stored, th@:w-
by preventing the initiation of second growth and normal recovery after
harvest, )

Ko other disease was observed to be present during the after-harvest
period, but insects, principally the clover head caterpillar, are believed
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to have killed some planta which might otherwise have recovered. The apite
tle bug infestation in May at twe of the locations no doubt weakened the
plants to a point whers recovery was consliderably balow normal., In addi-
tion to the direet injury caused by these insects sucking the juices from
the plants, an indirect detrimental effect was produced by stunting the
plants which were then overshadowed by timothye This probably prevented

a rormal buildeup of ressrves, and in turn tended to prevent normal recoy-
ery.

Low fertility and low soil moisture are also considered to be contyibe
uting factors in the after harvest stand losses in fields where these
conditions exist.

Until control measures for Fusarium are developed, or resistant strains
of clover produced, it seems apparent that after harvest stand losses simi-
lar to those in this study will continue to be experienced, However, it
is believed that these losses can be minimiged by maintaining a good fer-
tility level, by keeping insects in check as much as possible, and by
planting a shorter, earlier maturing strain of timothy, which will ghade
the clover less, and will also remove the temptation to mow later than is
best for the clover in copder to get greater tonnage from the timothy. It
1s felt that there will be an increase in the quality of hay produced,
which will offset any decresse in quantity from planting a shorter and
esarlier timothy.

Effects of Management Practices gn Stands snd Ylelds. The results
of thia study show that the management practices during the first summer
have considerable influence on sténd mrviﬁa}. and on yiaelds the following
spring. “ The phases of managmammt cansidered were the importance of remgw~
ing combined straw, the importance of elipping, the best t.inc or times for
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The:ze conclusions lead to a consideration ofyt,he .b%eat time or times
for clipping the clover stands. Single ¢lippings were made on treatments
5 and 6 in July after combining, on 9 and 10 about the third week in Au
gust, on 14 and 15 about the first of September, on 3 and 4 in the third
or fourth weeks of September, and on 1l and 12 in sarly November about the
time of the first hard frosts.

Comparisons of stand counts and of ylelds for these treatments show
thet mideAugust to early September is the best time for clipping seedling
stands, The July mowing did not give as good weed ocontrol as later clip-
ping, and the clover growth became guite tall and overmature in late Sep~
tember, in which condition it wss sore subject to leaf spot diseases. Also,
it bloomed and set some seed in most cases, which tends to reduce roct re~
serves,

The late September clipping gave only average resalts, due principal-
ly to the fact that stand counts were reduced considerably by weed compe~
tition, and at one location by disesse, before the clipping was made. The
ulipfplng in Rovember gave very poor results.

For timing a single clipping, a good rule of thumb to follow may be
to mow when the buds form on the ragweed in the field, This will be ap-
proximately mid-August and a single clipping at this time shoulld give good
results in central Maryland. On the eastern shore, a single clipping may
be made two to three weeks later, if weeds are not prevalent,

Two or more ¢lippings were made on treatments 7, 8, 13, and 16, and
the results {rom these treatments indicate that the first cutting may be
made any time in July or sarly August, and the sscond about the middle of
September, although it may be made a wesk or more later on the eastern
shore of Maryland, Because of the longer growing season on the sastemrn
shore, two or more clippings are especially recommended in order to better



control weeds and prevent overmature first year growth,

" Treatments 7, 13, and 16 were ccnsistently within the highest four
out of the sixteen treatments for spring stand counts and yields for both
years, They were also the only treatments to give clsan clover hay the
ﬁrat. season. Treatment 8 was consistently the highest in stand count
and yields among the five trestments in which the mowed growth was left on
the field,

Treatments 7 and 8 were cut in July at the same time as 5 and 6, and
again in September at the same time as 3 and 4. Since single elip;&iag a%
either of these dates gave only average results, it is spparent that the
difference is due to the double clipping. Trestment 16 was cut in August
and again in September and was a very good treatment, although there was
much less clover at the second olipping than there was in 7, due to a
shorter interval between clippings.

Treatment 13 calls for three cuttings to be made in July, August, and
Hovember, but in the first year a outting was also made in September, mak-
ing four cuttings that year. This treatment gave the highest spring stand
counts in each year, was respectively fourth and third in first harvest
yields for the two years, and also gave the highest two year average for
second harvest ylelds.

These resulis indicate that summer clipping of seedling stands is
beneficial rather than detrimental, and that either a hay crop or consid-
erable grasing may be had during the first smummer, without injuring the
stands or reducing the spring ylelds. The late clipping of treatment 13
indicates that excess growth may be harvasted, or moderate grasing prac~
ticed; in the very late fall or early winter, before thes top leaves are
frosen, but after the weather has become cold enough so that the plants will
remain dormant and not use up reserves in initiating new growth. sufficient
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growth must be left on the plants so that the surface of the ground is well
shaded in order to prevent the possibility of heaving during the winter.

Treatments 4, 5, 8, 9, and 11 were paired respectively with 3, 6, 7,
10, and 12, the only difference within the pairs belng that in the former
treatments the mowed growth was left on the field, and in the latter it
was removed, In treatment 8, vhich received two clippings, only the second
was left on the field, In each of these pairs, the trsatment from which
the growth was removed gave the higher stand counts and the higher ylelds,
the difference within ecach pair in m'ét cases being either significant or
highly significants These comparisons indicate that for best results,
mowed growth should be removed from the field, |

Other iffects of Management Practices. The management practices used
were also found to have a definite effect on certain diseases, as well as

an the storage of root reserves, Simo these factors have already been
disoussed under the scction on Results, they will be mentioned at this
point only in relation to management practices,

The incidence of Fusarium, which was the most serious disease presmt
in thege trials, was not affected to any apparent degree by the practices
used in this study. This is to be sxpected since it is caused by a soil
borme organism and is primarily a root and crown disease, being found in
the stem in only one instance.

The dissase on which management practices had the most effect was that
known as "Black Patch®, 4s mentioned previously, the early clipring treat-
ments prevented its occurrence and tfiﬂ later mideummer clippings effective~
1y ehecked it, This appeared to be true whether or not the mowed growth
was resoved from the plots, The fact that the infected growth left on the
pleots did not reinfect new growth indicates that the mycelium died with the
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mowed material without producing spores, and therefore it may be assumed
that the disease requires e very specific set of conditdons for sporuls=
tion, and need not become serious if it ia recognised in the sarly stages
of its development, and if the stands are clipped before it affeots the
crowns.,

The fall leaf spot diseases were more apt to occur on the treatments
which allowed the growth to become tall and mature, and wers relatively
rare on the later clippred and shorter growth, If leaf spots are prasent
when the clover is mowed, the material should be removed, as these diseases
readily produce spores which will remain dormant on dead material until
conditions are favorable for their dissemination,

Fowmdery Kildew did not seem to be affected by ths practices used, and
it is not expected that sclerotinia would be controlled to any great ex=~
tent by summer clipping, exscept that fall conditions might be less favor=
sble for the disease on clipped plots, due to greater air movement end
lower humidity nesr the ground sarface under plants which had been kept
short by ¢lipping.

It is belisved that southern anthracnose, had it been present, would
have been affected by the management practices used, inasmuch as a common

recommendation for its control is pasturing or the clipping and removal of
infected growth to reduce inoculum.

Winterkilling by freezing might be prevented to some extent by treate-
ments sach as 10, 14, or 15, which produces a fairly heavy grouxx! cover
and thereby tend to insulate the ground surface and the croms of the
plants. Injury by heaving might also be prevented by treqtments which
produce enough cover to shade the ground, thereby preventing the sum from
thawing the ground sarface around the plants on mild winter days. The man~

agement practices used should also affeet winwkming by ressrve deplstion,
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since it has been shown in this study that they do influsnce the percente
age of carbohydrate reserves stored in the roots, Treatments such as 3,
7, 10, and 16, which eall for a alipping between mid-August and mid-Sep-
tember, or late September in milder sections, can be expected to produce
good carbohydrete root reserves, The faet that 13, 2 very goocd treatment
in regard to stand count and ylelds, is slichtly mer than the other good
treataents in carbohydrate root reserves may be due to the November or
after-frost clipping, or to the small size of the individual plants. It
is believed to be principally due to the latter reason, sinse 13 had the
lowest average root weight, and there is a highly signiﬂmmt correlation
between root weight and earbohydrate percentage. | '

Treatments such as 6, which are mowed too early in the summer to obe
tain good weed control, aamnot be expected to produce ss high a percentage
of root reserves due to partial shading by weeds. These early clipped
plants also mature in the late fall and mey bloom and set seed, which may
prevent some root reserve storage. These plants may alsc initiate new
growth in the late fall which also tends to lowsr root reserves, espscially
if the photosynthetic area of the mature growth was reduced by leaf spot
diseases.,

Where weeds are not controlled at all, as in treatment 1, root re~
sorves are at thelir lowest. If. is interesting to note that at one loca-
tion wherse theré were pragtically no weeds in the plots, there was very
little variation between trsatments in carbohydrate rescrve, and treatment 1,
which was lowest at nearly every cther location, was the highest at this lo=-
cation, though ot significantly so., Other factors belng equsl, it appears
that red clover reot reserve storage is proportional to the area of the top
growth exposed to direct mnlight, This seems to indicate that winter sur—
vival, in so far as it is dependent on carbohydrate rcot reserve, is corre~
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lated with weed control, provided relstively large plants are produced and
the stand is not elipped lat er than aﬁpmximtely a month before killing
frosts,

The clipping treatments used in this study did not appear to have any
definite effect on nitrogen reserves. It is believed that the nitrogen
percentage of the roots is primarily dependent on other factors such as
fertility, moisture, soil aeration, and activity of nitrogem fixing bacte-
ria.

Due to the general mobility of insects, the clipping practices used
had very little or no effect on their incldence. Fleld mice, however, were
definitely eneouraged and protected by the treatments producing the heaviest

ground cover,



SECTICN VII. SUMMARY

This study of red clover seedling year management mwnﬁaﬁaau was con-
ducted for tvwo years at four locations each year in various sections of
Karyland, 3ixteen treatments were nmaa to study the effect of frequesncy
and time of clipping, and removal of combined straw and clipped growth on
red slover stand maintenance and hay yield, The prineipal findings of
this study are:

1. Hajor stand losses occurred in July, August, and September of the
seedling year, and immediately after harvest of the hay crop in the second
years

2+ Better stand maintenance and hay yields were obtained from areas
which received two or more clippings during the seedling year, and from
wihich the clipped growth was removed,

3, Combined straw averaged less than three fourths of a ton per acre
and $ts removal was of little practical importance, especislly on weed in-
feated fields,

Le The best time for a single clipping was found to be from mid-
August to early September. If two ¢lippings are made, the first may be
any time from immediately after combining until mid=iugust, and the second
from mid=-August to mid-September.

5¢ The practice of grasing was simulated by several clippings. Re~
sults show that mowing and removing growth in July, August, September, gﬁ
early November, maintained the highest stand count, gave good hay yields
for the first spring cutting, and highest ylelds for the second cutting,
even though the plants were scmewhat smaller and root reserve percentages
slightly lower.
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6o Two year averages for spring stand counts ranged from a high of
10.3 plants per square foot to a low of 4.1 plants per squars foot, while
the two y-ar averages for dry weight yields of clover at first cutting
ranged from a high of 1270 pounds per acre to a low of 530 pounds per acre. {

7. There was a high correlation betwesn apring stand counts and first
cutting hay yields for plant counts of up to ten plants per sguare foot,

No significant correlation was found for counts of tan or mere plants per
square foot. It is believed that stands of eight to ten strong plants per
square foct in the spring growing season will give maximum yields,

8, Plant compstition is believed to be the primary factor responsi-
ble for loss of plants during the seedling year, On plots receiving the
better trestments, this compstition was among red clover plants with grad-
ual elimination of the weaker plants. On the poorer treatmemis, taller
growing weeds suich as ragweed provided the major sompetition.

9¢ Occurrence of Fusarium root and crown rot ia considered to be the
primary factor respcnsible for after harvest stand losses in the hay year,
Other factors contributing to loss of stand after harvest were insects,
drought, low fertility, and pre~harvest shading by timothy.

10, Fusarium root and crown rot was the most sericus disease present
and was not affected by c¢lipping treatments, The fall leaf spot diseases
wore mich less prevalent in elipped plets and at one location a foliage
disease known as "Black Patch" was cortrolled effectively by clipping.

11, Insects causing appreciable damage were the spittle bug in May
of the hay year, and the clover head caterpillsr in Cctober of the seed-
ling year and in the following June, These insects were not affected by
managament prwtmaa.

12, Carbohydrats root reserves in samples collected in the latter
half of Degomber were affected by managemsnt treatments., These were, in
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general, highest on plots which were ¢lipped around the first of 3eptember,
and on which weeds were controlled and over mature growth prevented, Ris
trogen root reserves appeared Lo be affected more by other factors or
growing conditions. Ai.thwgh there was a negative uomla-t;inn betueesn
carbohydrate and nitrogen percentages, they both tended to be higher in
the larger and heavier roots,
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Figure 1. Treatment averages of spring stand counts and first cut-
ting dry weight yields of red clover for four locations in 1949. Treate
nents are grouped on the basis of stand eounts of 4 to 6, 6 to &, 8 o
10, and 10 to 12 plants per suuare foot. The highest stand count is for
treatment 13 with 11.8 plants per square foot and the lowest is for treat-
ment 1 with 4.5 plants per square foot., The highest yield is for treate
ment 7 with 16380 pounds per :cre and the lowest is for treatment 2 with
700 pounds per acres The high yield for treatment 12 is bellieved to be
due to exceptionally mild winter weather following cutting and removal of
growth in early November.



Figure 2. Treatment averages of spring stand counts and first cute
ting dry welght yields of red clover for four looations in 1950,
ments are grouped on the basis of stand counts of 3 to 5, 5 to 7, and 7
to 9» The highest stand count i8 for treatment 13 with 8.8 plants per
square foot, and the lowest is for treatment 11 with 3,6 plants per square
foot, The highest yield is for trestment 16 with 930 pounds per asore, and
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the lowest is for trestment 11 with 330 pounds per acre.

the 1949 averages,

A severe spittle
bug infestation at two locations caused a seriocus reduction in yields from
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Two Year Average
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Figure %. Tresatment averages of spring stand counts -nd first cute
ting dry welght ylelds of red clover for eight locations in 1949 and 1950,
Treatments are grouped on the basis of stand counts of 4 to 6, & to 8, and
8 to 10 (ineluding treatment 13 at 10.3)e The highest stand count is for
treatment 13 with 0.3 plants per square foot, and the lowest is for traste
ment 11 with 4.) plants per square foot, The highest yleld ls for treate
ments 16 and 7 with 1270 pounds per acre, and the lowest is for treatment 2
with 530 pouris per acre.
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Stand Counts - - - [948-49-~ - Treatment Averages
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Figure 4. Treatment averages of stand counts made at four locations
in the 1948~1949 season. Some loss oceurred in zll treatments during the
fall and winter, Spct check counts indicated almost no loss durlng the:
spring growing season, but all treatments suffered a stand loss of approx-
imately 50% within a short time after harvest. Eight out of the nine
top treatments are those in which growth was cut and removed one or more
times during the summer, The top three are those in which growth was
cut and removed two or more times, The two unclipped treatments, 1 and 2,
are among the lowest,
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Figure 5. Treatment aversges of stand counts made at four locations
in the 194%=1950 season. This graph 1s intended to show that there is
loss of stand under all treatments during the summer months, and that
management practices can cause considerable variation in the amcunt of
this loss, By November the treatments have segregated into high, medium,
and low groups and they remsin in these groups throughout the winter and
the following growing season.

All treatments in the high group invelve elipping and removal of
mowsd growth one or more times during the summer., The lowest treatments
incdlude those which were not cl ipped until November and those which were
left unclipped,

As in the previous ysar, there was an after harvest stand loss of
approximately 50% for all treatments,
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Figure 6. Stand count averages of all trestments for each location
used in the 1949=1950 season, At the "D" location, there were few weeds
to compete with the clover, and there was also & good fertility level,
Weeds were quite prevalent at the "O" and "i" locations and moderately so
at the "H® location., Wirter loss was greater in Frederick county at #H"
than in Montgomery county at "0O", It was least orn the eastern shore at
locations ®*D®* and "uY,

The excessive after harvest stand losses at "O" and "H¥ are balieved
to be due to a severe spittle bug infestation which stunted and weakened
the clover plarts prior to hervest. The clover head caterpillar and dry
weather alsc contributed to after harvest loss at the "H™ location.
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The phoiegrmjyha uaed for Figures 7 through IB mm all takaa m

April 28, 1950 at the *0* location*®

Fig. 7. Treatment 6. Oat and Fig. S. Treatment 10. Oat m i
moved July 16, 1949. Cat too rsnoved tog. 16, 1949. Good treat-
early) lo» stand count, axeeeelve mentj shoes good stand count,

Treatment.14 tod 15, tot.tod re-
.PM M Aug. 37, 1949 are similar In

appearancee

weed and grass com petition.

fig# 9# 3# Out and Fig# 10# Treatment 12* Cut and

reaoved Sept# 22, 1949# Out lata) itsvd Bov# 8| 1949# Out too
average stand count# latoj stand count severely reduced
hr eoed competition and "Slack

FeMi* disease*®



Fi* U» tm tmul 16% e*tml
motid Mm * H|» 17# m1 % I»
334 1949* == Ktji>
aaifeed M IqM U
*7# nHH *BO- ®) Wi'pJ -HP
3HAN* 22, 1949 1#

Fig* 13* Treatment 2* Straw re**
moved; no further treatment* Shows
almost complete loss of stand due to
weed competition and ”Black latch”
disease* Weed stalks still standing*
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Hi*H» treatment 13* OQOat and
W WKI thro# tie** * Joljr U« Iff*
14, M Hot* i, 1949* ftn
44m 1 frrt

Fig* 14* Shows plastic markers
used to mark plant count areas*
These have been in the field nine
months*
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Fig* 15* Comparison of treatments 4 and 3* Both oat 3ept* 22, 1949*
Growth lo ft on 4 and removed from 3* Shows distinct edge of plots and
better stand where growth was rewowed.

Fig* 16* Comparison of treatments 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 stalks and some grass on 2%



Fig* 17* Coagparison of treatments 6 and 14* 6 out end growth re-
moved July 16, 1949 - too carly for single clipping! 14 oat and growth
removed August 27, 1949 - good time for a single clipping.

Fig* 1C. Comparison of treatments 12 and 16. 12 cut and growth
removed Nove 8, 1949 —toe lata for single dipping! 16 cut and growth

removed tvd.ee - Aug. 27, and -Sept. 22, 1949. Note distinct plot "out-
lines of tr atmeat 12%
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