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ABSTRACT

A field trial was conducted to determine the influence of liming, seed coating,
and strain of acid-tolerant Rhizohitm trifolii on establishment and first-year pro-
duction of red clover (Trifolium pratense 1..) on acid soils. The experiment was
conducted during 2 vears, each vear on a new soil site. The initial pH of the
experimental sites was 5.3. Lime, added at rates of 5 or 10 metric tons/ha, produc-
ed soil pH values of 5.9 and 6.3, respectively, in soil samples collected at a depth
of 0-15 cm. Six R. ¢rifolii struins and three sced-coating treatments were used.
Seed was uncoated or coated with an umended lime admixture using the ‘Prillcote’
coating process. Parameters measured included stand count, nodulation, plant
height, dry matter vield, and nitrogen content of the herbage., Red clover plant
population at establishment was enhanced by seed coating but was not influenced
by the strain of rhizobia added to the seed. Dry matter yields were increased the
second vear by liming acid soils and seed coating but were not affected by rhizobia
strains used. The optimum lime:seed coating ratio varied hetween years. Signifi-
cant differences in plant height attributable to seed coating were noted during the
second yeur of the study. Lime application and seed coating were both important
factors influencing red clover production in the yvear of seeding.

INTRODUCTION

The establishment and production of red clover (Trifolitm pratense L.) in the
North Central United States is frequently limited as a result of soil-related pro-
blems. Among these are poor soil fertility and pH. Lime coating of seed and selec-
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tion of more acid-tolerant strains of Rhizohium spp. may improve stunds and
vields of forage legumes produced on acid sites.

In an early study of alfalfa (Medicago sativa L.} nodulation, Karraker (1927)
grew alfalfa plants in pots with soils varying in pH by depths. He reported u
reduction in nodule numbers in the acidic portion of the soil. Also, in the acidic
s0il a total nodule count of 8 was obtained, whereas, in the limed soil a total count
of 104 was determined.

Lowther and Loneragan (1968) reported that root infection on nodule initia-
tion had a higher calcium (Ca) requirement than either nodule devlopment or
host plant growth in the presence of fixed nitrogen (N}. Munns (1969) found that
production of pectinase precedes infection. Pectinase activity was inhibited by
acidity in the pH range of 4.5 to 5.5, which coincided with the pH range that has
been shown to be inhibitory to root hair infection. He indicated that the pH op-
timum for pectinase activity may determine the pH at which nodulation will take
place.

John et al. {1972) showed in a growth chamber experimenl that increased
yvields and a decreased growth period to reach harvest stage were the beneficial ef-
fects of lime application and could be attributed to reduction in the concentration
of aluminum (Al} and manganesc (Mn). Munns et al. (1977) stated that increased
nodulation and plant N content agreed with the conclusion that, for most species,
growth improvement associated with liming was due to improved N fixation.

Increasing the inoculation rate per secd markedly enhanced the growth of
white clover (Trifolium repens L.) and could replace the need to use lime-coated
seed on some moderately acid soils (TLowther, 1974; Lowther, 1975: Lowther and
Loneragan, 1968). Baker et al. (1968} noted that, when soil moisture was ade-
guate during establishment, maximum alfalfa vields were obtained with lime
pelleting when soil acidity levels were below pH 5.9.

According to Date {1970}, the inoculant rhizobial population must deveclop
rapidly. Low rhizobial numbers can mean delays in nodule initiation with subse-
quent growth retardation and even stand loss. Chatel and Greenwood (1973} con-
cluded from their studies that the ability of R. trifolii to colonize a host and
become established in soil varied with the strain tested.

The interrelutionships of liming, seed pelleting, and introducing sclected
Rhizobium spp. to ficld seil have not been investigated thoroughly under mid-
western United States climatic und soil conditions. Previous studies have not ex-
amined the effects of lime application on the plant growth response to seed
coating and the microbial response to seed coating and lime application. The ob-
jectives of this study were to determine the influence of seed coating. selected R.
trifolit strains, and rates of lime application on establishment and seeding vear
production of red clover when grown on acid soils.

MATERIALS AND METHODS

This 2-year study was conducted at the Cooperative Agronomy Research
Center, Southern Illinois University, Carbondale, IL, on two adjacent sites which
had been in permanent sod. A new site was used each year to prevent changes in
the indigenous rhizobial population from exerting an influence on the second
vear’s treatments. The soil on both experimental sites was a Stoy. fine-silty, mixed
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mesic, Aquic Hapludalf. The sites were fall plowed to incorporate lime at the rate
of 0, 5, and 10 metric tons/ha. Soil samples collected after application of lime had
pH values of 3.3, 3.9, and 6.3 (0 to 15 em deep) {or the (0, 5, and 10 metric ton/ha
lime treatments, respectively. Levels of soluble Mn in the soil were very high (90
to 127 ppm). soluble Al levels were low (3 to 19 ppm), and Cua and molybdenum
(Mo) levels were maderate to high (800 to 1500 ppm and .1 to 0.3 ppm, respec-
tively) at all lime rates.

In [978 a [actorial design was used. and in 1979 a split-plot design was used.
Four replications of each seed treatment were used hoth years. Plot size was 1 m
by 5 m. A broadcast application of 112 kg/ha P,0, und 224 kg'ha K,() was made
prior to final scedbed preparation. Before planting, the herbicide EPTC (S-ethyl
dipropvlthiocarbamate) was applied to the soil at the rate of 0.7 liters/ha a.i. and
incorporated.

Red clover (cv. ‘Kenland’) seeds from the same lot with a germination of 96 %
were coated with an amended lime admixture (0.56 g thiram, 1% MgQ, 1%
K,5Q,, Ohio peat inoculant plus peat per 200 g seed) and inoculated with R.
trifolii. These seeds were planted with a ‘Planet Jr.” seeder on May 1, 1978, and
May 23, 1979, in rows 20t em apart. The R. trifolii used in this studv were provid-
ed by CelPril Industries, Ine. and were selected on the basis of acid soil tolerance
from a wide geographical area. For comparison, & commercial inoculant was used
for one treatment. The strains. inoculation rate, and seed-coating mixture used in
this study are listed in Table 1. Seeding rates were 5.4, 8.3, and 10.8 kg/ha for red
clover and coating ratios of 0:1, 0.5:1, and 1:1 (kg of lime:kg of seed), respective-
lv. Trrigation was applied as necessary.

Stand density was measured 3 and 6 weeks after planting by counting the
number of plants per m?. Plant height was used as uan index of seedling vigor and
was measured 6 weeks after planting. Root nodulation was rated 6 wecks after
sowing and 3 weeks after the first harvest. Nodulation ratings were done visually.
Ratings were based on the number of plants out of five selected at random from
each plot which exhibited effective nodulation (pink nodules). Dry matter vield
determinations were made at the half bloom stage by harvesting 4 m? from each
plot. Dried plant samples were ground to pass a 2-mm screen and analvzed for
nitrogen content using the Kjeldahl method. Data for each vear were evaluated by
analysis of variance. Significant meuns were separated by using orthogonal con-
trasts at the 5% level of significance.

RESULTS AND DISCUSSION

Seed coaling improved stands al 3 and 6 wecks over the control in both 1978
and 1979, regardless of lime rate (Table 2). The differences were highly signifi-
cant. In 1978, there was no difference at 3 weeks in stands where seed coat ratio of
(.5:1 and 1:1 had been used. However, by 6 weeks a small, but significant, dif-
ference was evident between the seed coatings, with plots sceded with the 1:1
coating ratio having the better stand. In 1979, the stand from the 0.5:1 secd
coating was significantly higher at both 3 and 6 weeks. The plant counts generally
increased with higher seeding rates.

Liming did not influcnce plant populations except at 6 weeks in 1978 when
the 10 metric ton/ha lime rate produced denser stands than the 5 and 0 metric
ton/ha lime rates (Pr F=0.0102). A lime by sced coating interaction was not
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significant. Scott (1975) stated that seed coating influcnces stand development in
the first 3 weceks of plant development with its influence becoming less recogniz-
able as seedling development continues and subsequent germination of non-
coated seeds takes place. From our results, it appcars that seed coating inflnenced
stand development 1o at least 6 weeks.

The decrease in plant population between 3 and 6 weeks in 1978 was due to
insufficient rainfall which caused many of the seedlings to die. Irrigation was ap-
plied after the 6-week mecasurements were made. In 1979, dry weather conditions
prevailed again and supplemental water was applied soon after planting, Dowl-
ing et al. {1971) reported that lime-coated seed imbibed at a fast initial ratc with
non-limiting water, resulting in higher germination of coated seed. It is quite like-
ly that the presence of adequate soil moisture during germination contributed to
the incrcased number of plants observed with the coated seed than with the raw
seed. There were fewcr red clover plants m? in 1979 than 1978 at 3 weeks. This
was attributable to soil crusting in 1979 which limited seedling emergence.

Seed treatment, seed coating, and K. trifolii strain sclection failed to produce
any discernible differences in the number of plants nodulated either 6 wecks after
planting or 3 weeks after the first harvest. The non-inoculated seed treatments,
(Table 1), showed average nodulation. This result suggests that the indigenous
rhizobial population responded to the introduction of red clover to the site by
multiplying, infecting, and nodulating the clover roots. Furthermore, offects of
the R. trifolii pelleted onto the seed may have been masked by the build-up of the
indigenous rhizobial population and were undetectable by our methods. When 10
metric/tons/ha were applied in 1978, liming significantly increased nodulation
above the control 6 weeks after planting (Pr F =0.0061) and 3 weeks after the
first harvest (Pr ¥ = 0.0304) (Table 3). The first harvest was made about 70 days
after planting and the second harvest about 50 days later. Again, the decrcase in
nodulation between sampling dates in 1978 was likely due to moisture stress.

Red clover plant height was not affected by liming in cither vear of the study.
Seed coating significantly increased plant height in 1979 (Pr  F =0,009) over all
lime rates. The 0.5:1 coating produced plants that were taller than the other
treatments. A lime by seed coating interaction was not significant.

Duc to a weed infestation after the first harvest in 1978, only one red clover
cutting was obtained, however, two harvests were made in 1979. There was no
significant difference among first harvest yields in 1978 and 1979 due to lime ap-
plication. The second red clover harvest showed liming increased dry matter
vields (Pr F=0.002). This suggests that the yield response of red clover to ap-
plied lime is dclayed. Both the 10 and 5 metric ton/ha lime rates produced more
total dry matter than the control in 1979 (Table 4).

Secd coating increased first and second harvest dry matter vields in 1979
(Table 5); however, the increasc for the 1:1 coated seed was not significant in the
first harvest. The increased yields due to seed coating can be attributed to greater
plant numbers as well as to increased height of the plants, The effects of seed
coating and lime application appear to complement one another; the seed coating
influences seedling establishment and liming influences stand productivity from
the first harvest onward. Again, the lime rate by secd coating interaction was not
significant.

Herbage N content was not enhanced by any strain of R, frifolii used in this
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study or by liming as Munns ({1977} suggested. Likewise, no difference for other
parameters measured could be attributed to strain of R. trifolii used. This sug-
gests that the inoculant strains introduced werc unable to compete with or were
no more effective than the indigenous population of R. trifelii that were present in
the soil. Chatel and Greenwood (1973) also coneluded that the ubility of R. trifolii
to colonize a host and become established in soil varies with the strain tested.

In conclusion, seed coating was shown to increase red clover stands, regard-
less of lime application, in both yvears of the study. Increase in plant population
and plant height in response to seed pelleting produced higher dry matter yields
than the non-coated sced in the second year of the study. The response of red
clover to added lime appeared to be delayed, becoming evident in the regrowth
the first harvest. The results suggest that seed coating and lime amendments com-
plement each other and improve the seasonal productivity of red clover stands.
Liming also tended to inecrease the number of plants nodulated, but not con-
sistently. No evidence was found that any of the R. #rifolii strains used werc
supertior to the indigenous rhizobtal species in their abiltiy to produce nodulation
and fix atmospheric nitrogen.
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Table 1. Red clover seed treatments for 1978 and 1979,

Inocnlant Number of Seed Coat
Treatment Strain Rhizohia X 10¢/seed Ratio +

ke of lime:
kg of seed

1 Nitragin “AB" i not couted
2 2751 50 0.5:1
3 2751 50 1:1
4 27631 50 (.5:1
5 27631 50 1:1
6 2233 50 0.5:1
7 2233 50 1:1
8 276400 50 0.5:1
9 276400 50 1:1
10 2207 30 0.5:1
11 2207 50 1:1
12 none none 0.5:1
13 nomne none 1:1
14 2751 50 + 0.5:1

+ All treatments escept #1 contain the following: (.56 G. Thiram, 1% Mg, 1% K,50 . Ohin peat in-
oculant plus Peal per 200 G of seed.

INumber of rhizohbiasseed were not determined for this trealment. The treatment was not included in
18578,

Table 2, The effect of lime coating red clover seed on stands at 3 and 6 wecks,

Seed Coat Ratio
(kg of lime:

kg of seed) 3 weeks 6 weeks
1978 (Planted May 1 PLamts/ M2 cm e omomemcmme e
0:1 177 96
0.5:1 236 1924
1.0:1 2553 144
Contrast

0vs 0.5 and 1.0 LT +x
1979 (Planted May 23)

0:1 98 ==
0.5:1 153 1537
1.0:1 109 118
Contrast

O0vs0.5and 1.0 % 4
Contrast

(]5 Vs 1.0 ¥ -

**Significant at the 5 and 1% level, respectively.
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Table 3.  Mean root nodulation of red clover 6 weeks after planting 1 May 1978
and 28 May 1979 and 3 weeks after the first harvest as influenced by

lime.
Nodulation Ratingt
Lime 6 weeks after 3 weeks after
plunting first harvest
(Metric ton/ha) 1978 1979 1978 1979
0 1.8 3.1 0.55 4.7
5 3.5 3.3 0.64 4.9
10 4.0 3.5 1.07 4.9
Contrast
0 vs 5 and 10 *t NS o **
Contrast
5 vs 10 NS NS *H N§

[Ratings were based on visual evaluation of 3 plants randomly selected from each plot. The rating seale
ranged from O {poor nodulation) to 5 (excellend nodulation).
**NS. Significant at the 1% level, and not significant respectively.

Table 4. Total seasonal dry matter yield of red clover as influenced by lime ap-
plication during 1978 and 1979.

Lime Rates Dry Matter Yields (Kg/ha)
{Metric tons/ha) 1978 {One harvest) 1979 (Two harvests)

0 1,423 4,592

5 1,423 5,371

10 1,498 6,012

Contrast
0 vs b and 10 NS o
Contrast
5 vs 10 NS o

**NS. Significant at the 1% level, and not significant respectivels.
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Table 5. Effect of seed coating on dry matter yields of red clover, 1979.

Seed Coating Ralio
(kg of lime:

First harvest

Second harvest

kg of seed) {(Aug. 1) {Sept. 20}
------------------------ | 975 1F: N ——

0:1 1,114 3.050

0.5:1 1,693 3,971

1.0:1 1.355 3,824

Contrast

Owvs (0.5 and 1.0 * ¥

Contrast

0.5vs 1.0 *E NS

*, "*. NS Significant at the 5 and 19 level, and not significant, respectively,



