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Japan has a strong national program to improve the protein level of human
foods. Dairy products are a major expandable source of desirable protein food.
The continuing expansion of dairy cattle numbers greatly increases the demand
for high quality cattle feed, especially that produced by improved forage legumes
and grasses. There has also been an increasing awareness of the impertance of
fertilizers in the production and maintenance of stands of improved varieties and
strains of perennial forage plants.

The Forage Research Center at Obihiro Zootechnical University, has carried
out a number of experiments on the fertility requirements of some of the more
recently introduced perennial legume and grass forage plants. This report is a
part of these studies,
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418 Mack DRAKE, W. G. CoLBY, H, OOHARA éf al.

PLANT NUTRIENT PHOSPHORUS

Phosphorus (P) is considered one of the most important mineral nutrients
in the seedling stage of forage crop development. The amount and placement of
fertilizer P are often 'c'r‘itica-l to fdragc seedling establishment, especially so on
(1) soils low to medium in available P; (2} soils with a high P-fixing capacity;
and (3) soils subject to drought or cold damage. Seeds of perennial legumes
and grasses are relatively small, containing minute amounts of phosphorus as
compared to seeds of most cultivated plants (cereals, beans, etc.).  Phosphorus
is an essential part of amino acids and protein and is required in the energy
cycle of plants. Thus, an abundance of soluble phosphate placed near the seed
to intercept the emerging secondary roots is required for rapid initial development
of the seedling, This rapid initial development provides a greater root system
to exploit soil moisture and nutrients, and aids in reducing drought injury. Also,
" rapid seedling development increases the young forage plants’ ability to compete
with weeds, for mineral nutrients, moisture and light.

Fertilizer phosphorus should be applied before seeding. The P amounts
applied should equal the expected P removed in forage crops during the 3 to 5
year productive life of the legume-grass mixture. Research has demonstrated
that greatest P efficiency is achieved by placing the P fertilizer in undisturbed
bands 6-8 cm below the soil surface and drilling the seed directly above the P
fertilizer bands. Banding P reduces contact between the seed and fertilizer, thus
reduces P fixation by active soil aluminum and iron. The developing seedling
roots rapidly intercept the P fertilizer band or the zone of high soluble P near
the band, thereby obtaining the abundance of P required for rapid develepment.

Once ecstablished, the roots of perennial legumes and grasses utilize P from
relatively insoluble sources such as variscite AI(OH), H,PO,, strengite Fe(OH),
H,PO,, ground rock phosphate, etc. Annual topdressings of scluble phosphate
fertilizers are highly inefficient in increasing perennial forage crop yields. Soluble
P is rapidly fixed and remains at the soil surface, relatively unavailable to plant
roots. Hence, banding enough soluble P at seeding to equal crop removal for 3

to 5 years is recommended.

PLANT NUTRIENT POTASSIUM
Potassium (K) has several essential roles in plant metabolism: protein for-
mation ; formation and translocation of carbohydrates within the plant; enzyme
regulat_ion of plant processes as respiration ; formation of organic acids and oils;

favorable cell pressure and regulation of stomata influencing water economy and
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gas exchange in plant leaves. The level of K in the cell sap directly and
indirectly affects cold resistance.

Adequate levels of K are required during seedling development to establish
vigorous stands of perennial legumes and grasses. However, K most often limits
the vigor, duration, and yields after the seedling year. Many investigators have
shown that annual applications of liberal amounts of K are required to sustain
the productivity and longevity of superior forage legume-grass mixtures. Parsons
(8) during 3 crop years applied fertilizer K totalling 540, 460 and 375 kg/ha of
K as KCl, respectively, to orchardgrass, smooth bromegrass and timothy grown
on a fine sandy loam. The forage harvested from these orchardgrass, smooth
bromegrass and timothy plots contained 94, 87 and 799, respectively, of the
fertilizer K applied, demonstrating that on sandy loam soil it was not possible
to increase soil K reserves when producing large yields of forage. Weedy spacies
competition for K greatly reduced stands of grasses and legumes at low levels of
soil K (8). .

Materials and Methods

The soil, derived from volcanic ash, contained about 1025 organic matter,
has a pH 6.0 surface and 6.5 subsurface, and was deficient in available nitrogen,
phosphorus, potassium and magnesium. The climate is characterized by short,
cool, moist summers of 120-140 frost free days, and long cold winters. Snow
cover may exceed 120 days, and annual precipitation ranges from 850-1000 mm
with excellent distribution in June, July and August, The climate is similar to
that of Portland, Maine, U.S.A. '

On May 9, 1960, two blocks, {a) Du Puits alfalfa (5 kg/ha), and Massachusetts

Hardy orchardgrass (4 kg-ha) and (b) Ladino clover (1 kg/ha), with Massachusetts
Hardy orchardgrass were precision drilled directly over bands of 11-21-0 (N-P-K)
(11-48-0, N-P,0,K,0) placed 6-8 cin deep and supplying 0, 22, 44 and 88 kg
P/ha (0, 50, 100, 200kg P,0,:ha). A uniform soil treatment of dolomitic
limestone at the rate of 5000 kg ; potassium chloride (200 kg): urea (100 kg); and
fertilizer borax (25 kg) were broadcast and disked into the surface 6 inches before
applying the P fertilizer bands. (See five year effects of fertilizer phosphorus
and potassium on yield and composition of alfalfa-orchardgrass and Ladine clover-
orchardgrass mixtures (1960-1964), (2)].
The first five year period had two levels of K, 0 and 83 kg K,ha after each of
3 cuttings annually (250kg K or 300 kg K,O supplied as KC1). The second five
year period had three levels of K, 0, 83 and 167 kg K, ha after each of 3 cuttings
annually (0, 250, 500 kg K, ha supplied as KCI),
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420 Mack DRAKE, W. G. COLBY, H. OCHARA ef al.

Cutting data:

No. of cut 1965 1966 1967 1968 1969

1 Jane, 156 June, 22 June, 9 June, 18 June, 17
2 Aug, 6  Aug, 13 July, 26 Aug., 2 Aug., 18
3 Sept., 14 Sept., 22 Sept., 23 Qct.,, 11 Sept., 27

Plot design:

Block Basic application of P Topdressing of K Numbers of
in the hrst year-1960 (no, med., heavy) replication
2 X 4 X 3 X 3
{AL—O0G, LC-0G) =72 plots

Summary of Results 1960-1964

Excellent forage yields were produced in the four harvest years 1961-64.
Alfaifa-orchardgrass averaged above 32,000 kg/ha of dry matter {4 tons/acre annu-
ally) and 30,000 kg/ha (3.5 tons ‘acre) for Ladino clover-orchardgrass. The first
increment -of fertilizer P (22 kg P/ha) produced 1195 increases for both legume-
grass mixtures (2). ' ‘

In the seeding year (1960) there were two harvests of each legume-grass
mixture. Alfalfa yields were increased fivefold and Ladino clover threefold by
fertilizer P in the first cutting. While alfalfa yields were increased greatly in
each harvest by increments of fertilizer P, %P in the forage increassd at 44 and
88 kg P/ha rates. Orchardgrass responded to the first increment of P in the first
cutting, but was depressed in the second, probably by the increased competition
of the vigorous alfalfa growth responss. In the first harvest Ladino clover
yields increased 60, 90 and 20074, respectively, for 22, 44 and 88 kg P/ha but
only at the 88 kg P/ha rate in the second cutting of 1960. Annual topdress
applications of fertilizer P were relatively ineffective in stimulating increases
in yield or P composition.

While yields of both alfalfa and Ladino clover were greatly increased by
fertilizer P in the seedling year, yield increaszs produced by K for alfalfa and
Ladino clover were small the first year, but increased year by year. For example,
K induced increases for alfalfa were 7, 45, 128, 4287 and for ladino clover
were 17, 101, 157 and 27473, respectively, for the first, second, third and fourth
years. Neither P nor K increased the yields of orchardgrass growing in
association with alfalfa. Vigorous development of alfalfa competing for light,
moisture and mineral nutrients, probably suppressed orchardgrass development.
Yields of orchardgrass grown in association with Ladino clover, were increased
by potassium fertilizer, as there was less competition from Ladino clover as

compared to alfalfa.
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During this first five year period, larger amounts of K were removed by
both the aifalfa and Ladino clover-orchardgrass mixtures, than was supplied by
83 kg K/ha after each cutting (250 kg K/ha annually). Potassium removal was
high in the seedling year 1960 (80 to 110 per cent of applied K), and in the first
and second harvest years 1961-1962. Per cent K in alfalfa and Ladino clover
were respectively, 2.64 and 2.11 in 1961, but decreased abruptly to 1.95 and 1.27
in 1962 for plots without annual K fertilizer. These reductions in K composition
of alfalfa and Ladino clover were associated with yield reductions of 17 and 35
per cent, respectively, for alfalfa and Ladino clover in 1962 and 48 and 59 per
cent reductlons, respectively, for alfalfa and Ladino clover in 1963.

Based on this research and on works of others, the following minimum
composition values were suggested for sustaining high yields of alfalfa and Ladino
clover grown in association with orchardgrass (2). Ladino clover, 3.5; alfalfa, 3.0
to 3.5; and associated orchardgrass, 3.5 to 4.0 per cent K. Supplying 83 kg K
after each cutting was not adequate either to balance K removed by these legume-
grass forage mixtures or to maintain the desired level of K in the forage plants.

Results of Second Five Year Period, 1965-1969

Growth and dry matter production
The stem heights of forage species as an indicator of plant growth are shown

Tabie 1. Average plant height {cm) of alfalfa and orchardgrass in the mixture
during 1965-1969

Treatment 1st cut 2nd cut 3rd cut
Year K topdressed .
{kg/ha) AL oG AL oG AL oG
1965 no 47.5+3.0 60.0+0.8 67.84+05 42,0408 493410 483+19
- 280 66,8410 805106 85,3405 68,3+1.0 60.0+0.8 61805
500 66.5-+0.6 80.0+0.8 86.54-0.6 68.8+0.5 60.5+0.6 62.040.0
1966 no 52.54-0.6 69.3+£0.5 440408 48.0+0.0 40.5+0.6 438405
250 758+1.0 85.8+05 74.8+0.5 78.34+05 578405 643405
500 76.8+0.5 88,0408 78.5+0.6 793105 50.34+1.0 66.51+0.6
1967 no 54.0+0.8 69.34-1.0 738405 51.5+0.6 44.0+0.8 46.84+0.5
250 81.8+05 90.54+0.6 1002405 765+17 67.5+0.6 66.84+1.0
500 815406 92.0£0.8 101.04:08 76.0+0,0 67.5+0.6 69.04-0.8
1968 no 46.5+1.3 67.010.8 50,0408 35.0+0.8 50,6413 38008
250 85.3+1.0 101.3x15 77.3+1.0 575413 615409 51.0+09
500 85.0+08 1025406 780108 57.5+0.6 62.34:0.5 52506
1969 no 46.84+1.7 583413 798413 49.84-1.0 36.0+0.8 285406
250 63.0+0.8 725413 97.8+1.0 76.84-1.0 58.5+13 488410
500 640408 75.0-£0.8 99.0+0.8 778105 59.3+1.0 513410

Remarks: AlL=alfalfa OG=orchardgrass
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Table 2. A§erage plant height (cm) of Ladino clover and orchardgras_s in the
mixture during 1965-1969

Treatment : Ist cut 2nd cut 3rd cut
Year K topdressed
: (kg/ha) AL oG AL OG AL - 0G

1965 no 265+1.3 58.0+14 27.5+06 41.541.0 20,3+0.5 488410
: 250 373410 80.5+1.3 420+0.8 67.0+1.2 33.3+1.0 63.3+1.0
500 375406 8084056 428410 683405 353405 63.3+05
1966 ne 25.84-0.5 62.8+0.5 28506 48.5+0.5 2054:0.6 45,506
250 38.5+0.6 86.8+05 39.54-0.6 78.3+056 305406 64.54:0.6
500 38.84:-0.5 89.0+08 39.5+0.6 79.0:4=0.0 31.3+0.5 65.3+1.0
1967 no 298405 755406 29008 51.6+0.6 27.5+06 48.0+0.8
250 40.5--0.6 92540.6 37.84+05 76.8+1.0 31.8+0.5 67.84+0.5
500 4184056 92.04-0.8 38.8+0.5 78.340.5 31.8+0.5 68.54:0.6
1968 no 23.3+05 81.0+08 26.84:0.5 39.5+1.3 223410 42,3405
250 385413 103.5+06 445406 61.3-:1.0 28.8+4.6 53.5406
500 39.04-0.8 104.0--0.8 43.020.8 62.8+1.0 320408 54,3+0.5
1969 no 223410 588+0.5 21.5+0.6 53.0+0.8 16.831+0.5 30.84+1.0
250 325413 723410 34.0:£08 80.54+1.3 28.84+1.0 48.8+05
500 33.04:0.8 76.01+0.8 35.0+0.8 80.8+1.0 30.0+0.8 488405

in Tables I and 2.

a. Alfalfa-orchardgrass block

The stem heighté of both forages varied by year, topdressing of K, kinds of
species and cutting stage. The stem height of orchardgrass at the first cutting
was higher than that of alfalfa and the stem heights of both species at the third
cutting were nearly the same. A particularly outstanding effect on the stem
height appeared with the topdressing of K, resulting in plants about 20 cm taller
than those in not using topdressing of K.

b. Ladino clover-orchardgrass block

The general tendencies appearing in the Ladino clover-orchardgrass block
were almost the same as these in the alfalfa-orchardgrass block. The stem
heights of both species had a close correspondence to the topdressing of K.

The yield of dry matter in the mixture and the rate of legume to total dry
matter are indicated in Tables 3 and 4.

a. Alfalfa-orchardgrass block

The dry matter in the mixture increased notably by the topdressing of K.
The yearly variation between forages and the cutting stage also appeared.

Total dry matter in 1967, when temperatures in May, July and August were
higher and rainfall in June and July was greater than in 1965, 1966, 1968 and
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1969 was highest when compared to that in other harvest years.

The rate of dry matter of alfalfa compared to the total dry matter in the

mixture became remarkably higher through the topdressing of K.

This means

that alfalfa was more responsive to the K application than orchardgrass.

b. Ladine clover-orchardgrass block

Table 3. Yield of dry matter (kg/ha) and the rate (%) of alfalfa to total dry
matter in alfalfa-orchardgrass mixture

Treatment

K top-

dréssing
(kg/ha)

1st cut

2nd cuat

Year
AL

oG Total

Ratio of
AL AL

oG

Ratio of
Total AL

no K

1965 48+
1966 87+
1967 112+
1968 80k
1969 1084

19

5
38
18
28

10854165 1133-+178
948+ 33 1035+ 37
2023+ 21 21354 44
1460+ 75 1540+ 67
970+ 43 1078+ 67

4.16+1.47
8584030
5.28+168
5.2541.26
9.63+£1.99

115433 12004 47 13154+ 21 875+ 2.61
138415 10256+ 38 1163+ 35 11.8 +1.35
148128
70+ 8
117436

10604113 1208133 12.0541.44
10134 47 1083+ 48 6.33+0.76
1593+ 54 1700+ 86 6901172

250

1965 #9104+
1966 815%
1967 1307+ 46
1968 1980+ 63
1969 1197 +156

63
31

18184173 27284165 33.4342.79 1067+
1783+ 71 2598+ 67 31.05:-1.36 1090-=
3083+ 83 4390+ 57 29.83+123 1118+
1603217 35831197 55.3843.74 1800+
9984148 2195+ 58 54.5516.75 1270+%

97
39
39
74
88

1953104 3020--
1785+ 80 2875%
16204102 26381
1468+ 50 3268+
1700+ 57 2970k

§ 36.4143.31
42 37.904+1.70
74 422142.38
61 55.0241.64
71 42814227

500

-1965 862+ 25

1966 905+ 29
1967 1262+ 53
1968 1917-+121
1969 1585+-110

1893+ 69 2755+ 79 31.28+0.90 1100+
17983 b4 27034+ 26 33.481:1.38 1205+
30534 61 43154 26 20254126 1043+
15234-111 34404126 55754+ 2.80 1757 £
803+ 57 23384 54 66.584:3.15 1433

50
39
46
46
83

20884 47 3188+%
2045+ 40 3250+
1565 68 2608
1528+ 57 3285+
1865+ 51 3298--

73 34,5541.08
28 37.25+1.63
33 40.00+2.05
57 53.50+1.33
70 43424191

Treatment

3rd cut

Total

K top-
dressing
(kg/ha)

oG

Ratio of
Total AL

AL

Ratio of

OG AL

Total

no K

1965
1966
1967
1968
1969

838+ 39
713+ 13
1000+ 54
578+ 43
675+ 52

885+ 30 5.33+1.25
7064 13 5.65+0.64
11154 71 10.33::1.08
603+ 38 4.00+1.20
708+ 55 4.80+1.32

210+ 56
268+ 10
375+ 51
175+ 24
257+ 64

3122+ 82 33324136
2685+ 48 2953+ 39
40834: 88 44568+ 97
3060-£128 3225+112
3228+133 3485::193

6.2541.47
9.05+0.44
8.43+1.08
4734088
7.35+£1.39

250

1965
1966
1967
1968
1969

9404
1340 35
1325+ 56
1313112
10104 51

5

1385+ 5 32.23+£0.37 24224111
19154 37 30.12+0.72 2480+ 43
19554+ 53 82.14+1.74 3055102
21204112 38.24+2.69 4588+ 79
2230+ 57 54.61+2.74 36871241

47104214 7133168 33.95--1.39
4683+105 7388+ 85 33.5840.78
5928+192 8983 +112 34.03£1.43
4382+207 8970+248 51.15+1.13
37081216 7395121 49.851-2.99

500

1965
1966
1967
1968
1969

958+ 22
14304 56
1333+ 50
1437+ 52

1438+ 26 33.4511.23 2442-+ 30
20204 37 29.20+1.82 2700+ 41
1958+ 53 32.03:£0.87 29301+ 73
2153111 33.20+£1.73 4390+160

4938+ 82 7380+ 55 33.12--0.63
5273+ 69 7973+ 68 33.88+0.51
5950+ 71 8880+ 48 33.01%£0.77
4488+ 62 8878+195 49.43+0.82

1085 62 2375+ 13 54.3542.58 42574172 3753100 80104101 53.15+1.61
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Table 4. Yield of dry matter {kg/ha) and the rate {%) of Ladino clover to total
dry matter in Ladino clover-orchardgrass mixture

Trl:ﬁgnent v st cut 2nd cut
dressing ear ' Ratio of Ratio of
(kg/ha) LC oG Total LC LC oG Total LC

no K 1965 163+ 43 865178 1028:£193 16.12+410 70+ 12 11554 58 12254 48 5.83%1.14
1966 1504 22 953+ 32 1103+ 49 13.634£152 208+ 15 1105+ 44 1313+ 41 1598+1.29
1967 238+ 21 2660+ 32 2798+ 42 8481066 263+ 26 1260+ 47 1523+ 69 17.05+1.07
1968 1254 13 1138 77 1263+ 90 9.93+0.38 2074 40 1203+ 21 1410+ 59 14.58-+2.26
1969 16561 24 915+ 25 10804 29 15154204 87+ 15 1583+ 46 16704 55 5.30£079

250 1965 7854 62 1548 72 23334 85 33.63+2.26 935+ 37 1910+ 34 28451 34 3283112
1966 8804 57 1648% 43 25284 35 34.78+1.96 1165+ 22 1810+ 51 2975+ 36 39.004£1.06
1967 10084 49 39302 22 4938+ 49 20.35+0.79 667+ b1 1788+ 68 2455+ 62 26.45::2.03
1968 753+ 71 3255--223 4008--267 18.784-1.31 16004 28 1825+ 83 3426+ 73 46.75£1.42
1969 6004+ 56 13504 33 1950+ 48 30,70+2.28 1030+ 43 1780 88 2810+112 36.65+1.14

500 1965 853+ 36 1730+104 2583133 33.08£0.90 965:: 60 1975+ 90 29404 62 32.85:42.20
1966,; 940+ 24 16532 17 25934 19 36.254-0.78 1197+ 51 1838+ 42 3035+ 21 3950+ 1.55
1967 995+ 40 39681 26 49634 26 20.08+0.71 662+ 26 1803+ 76 2465+ 50 26.90:+1.62
1968 660+ 72 35134 99 41734108 15.80-£1.55 14784 35 2008 83 3495+ 87 4263+1.21
1969 570 24 14204 80 1990+ 65 28684211 1120+ 58 1995+ 68 311564 83 359511.52

Treatment
K top- Year srd

dressing Ratio of Ratio of
(kg/ha) LC oG Total 1C LC OG Total LC

no K 1965 534+ 5 8504 53 903+ 58 6234066 285k 40 28704266 31551267 9.05+£1.27
1966 30+ 0 7254+ 13 7554 13 3.90:£0.07 387+ 13 2783% 65 3170+ 56 12.234:0.68
1967 75+ 6 10374+ 10 10884 13 7.21-4-0.47 5754 25 4833 71 5408+ 96 1060:£028
1968 42+ 5 10134 29 10554 33 3.90+0.35 375+ 57 33534107 37281162 10.03+1.10
1969 60+ 8 7284 30 788k 33 7.65+0091 313+ 24 32254 42 3538+ 49 8.83-:0.62

cut Total

250 1965 345+ 13 823+ 25 1168+ 22 20,35+ 1.22 2065+ 33 42804104 6345124 32.55+0.48
1966 5554 10 1440+ 40 19954 44 27.78+0.55 2697+ 42 489B+ 26 7495-k 40 34.65-:-0.43
1967 4334 15 1580+ 54 20134 51 21534095 2082t 36 7298+ 87 9380k 83 22201074
1968 692+ 66 13432 24 2035+ 44 34051252 30454155 6423:+270 9468:1:354 32.15:11.20
1969 747+ 13 12384 83 19854+ 95 37.68L1.19 2377+ 83 4368140 G745-£162 35.28-£1.09

500 1965 38551 13 8554 60 1210+ 65 20.38-4-1.38 2173+ 26 4560208 6733+170 32.28+1.1%
1966 565+ 17 14784+ 22 2043k 30 27.7310.65 2707+ 70 4968+ 77 7670+ 16 35.23-:0.95
1967 493+ 31 16204 24 21134 26 23.23:+£1.30 21504 35 7390+ 67 9540+ 32 22.551+0.44
1968 713+ 74 1370-- 29 2083+ 51 34.10+2.75 2860= 99 6890+ 80 97501139 29.331-0.72
1969 783 36 1350+ 49 2138+ 67 36.781:1.190 2478+ 78 476564174 7243+201 34.23+0.96

Remarks: LC=Laclino clover
The yield of dry matter in the Ladino clover-orchardgrass block became
higher with the topdressing of K as compared with the alfalfa-orchardgrass block,
but the ratio of dry matter in Ladino clover to total dry matter of the mixture
was slightly less when compared to alfalfa. Total dry matter with a topdressing
of 250kg K/ha was not significantly increased with a topdressing of 500 kg
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K/ha. - §

As shown in Tables 3 and 4, the topdressing of K in both mixtures brought
a strong response in obtaining a higher tonnage of dry matter, and in increasing
the ratio of legume in the mixtere. The application of at least 250 kg K/ha
seems necessary for getiing results such as those reported above.

Phosphorus In contrast to the large yield response to increments of applied .
fertilizer P in the szedling year, there was no yield response to P increments in
this second five year period (Tables 5, 6, 7, 8, and 9). Plants were analyzed for
N, P, K in 1965, 1967 and 1969, It is important to note that'a serious reduction
in P content of forage from all plots occurred in 1969. In 1965 and 1967 the
forage ranged from .18 to .21 per cent P in alfalfa and from .19 to .23 for
orchardgrass in the aifalfa-orchardgrass mixtures. However, in 1969 aifalfa
contained only .13 to .15 per cent P in the first cutting and orchardgrass only
15 to .17. A similar reduction in P content occurred in the Ladino clover- .
orchardgrass mixtures in 1969. In 1965 and 1967, Ladino clover ranged from .19
to .22 and associated orchardgrass from .18 to .21. However, in the first cutting
1969, Ladino clover ranged from .13 to .15 and associated orchardgrass from .15
to .16. A level of .15 per cent P in hay or pasture is considered deficient for
.beef cattle. Composition higher than .15 per cent P in hay or pasture forage is
desired for dairy cattle. These low P values in the first cutting of 1969 indicate
reserves of soil P are being exhausted and that future production may be seriously
deficient in P. ‘

As shown in Tables 5 and 6, the phosphorus content of legumes and grass in
both mixtures became lower with the advance of the harvest year. Generally it
seems that the phosphorus content in legumes was lower than that in orchardgrass.
It is considered that the critical value of phosphorus content in forage is .13%
for dry matter. This value of .1395 or less appeared in alfalfa and Ladino
clover in 1969. In average years, the phosphorus content in most legume and
grass forages was about .2%.

On examining data in Table 10, even the highest increment of fertilizer P
applied at planting has been - inadequate to balance the P removal by either
alfalfa or Ladino clover-orchardgrass mixtures during the 19601969 pariod. Al-
though 88 kg P/ha was supplied before planting as superphosphate (1000 kg/ha),
removal of 164.5 and 163.1 kg P,ha, respectively, by alfalfa-orchardgrass and
Ladino clover-orchardgrass mixtures, has seriously depleted soil P reserves.
Potassinm Potassium had a profoundly favorable effect in maintaining a desirable
ratio of alfalfa to orchardgrass and Ladino clover to orchardgrass as shown in
Tables 11, 12, 13, 14 and Figs. 1 and 2. Alfalfa from plots without annual K
contributed only 5 to 9 per cent of the alfalfa-orchardgrass yield as contrasted
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Table 9. Effect of rates of phosphorus and potassium on dry matter
Second five years in kg/ha

kg Pfha™ No K 250 kg K® " 500kg K@
_ (2) Alfalfa-orchardgrass
(1 0 - 17,170 39,600 40,850
2 2 17,090 ' 40,160 41,240
(3) 44 . 17,990 39,790 41,020
(4 88 17,560 39,920 41,370
(4) Averagefyear _ 3,510 ‘ 7,980 8,270
(b) Ladino clover-orchardgrass
)y o ) 18,960 38,800. 40,600
@ 22 C 19400 - | 40,080 ' 40,530
3y 44 18,470 39,810 B 41,580
(4) 88 19,160 ‘ 39,040 41,030
(4) Average/vear 3,830 7,810 8,210

(1) P banded under seed as superphosphate (20% P,Os) .
(2) K supplied by 83 kg K/ha after each of three cuttings annually =250
(3) and 167 kg K/ha after each of three cuttings=500 kg K/ha.

Table 10. Phosphorus removed in forage (kg P/ha)

Eée?’tfﬁfnt 1960 1961-64 1965-69 -~ Total o ‘[)s%f;f“f,“t'
) (a) Alfalfa-orchardgrass
n o 3.01 60.54 77.00 1406 - T —14086
(2) 22 5.44 68.06 811 1546 —1326
(3) 44 7.63 71.89 8054 1601 S 1161
(4) 88 11.04 72.02 © 8L 1645 — 765
. ‘ (b} Ladino clover-orchardgrass ‘
L o 3.63 57.65 P7690 138.2 —1382
(2 22 4.54 67,99 80.52 . 1531 —1311
(3) 44 5.09 72.63 . 8L42 159.1 ‘ —115.1

(4) 88 7.92 o 74,66 8049 . 1631 — 751
250 kg K/ha annually. 1966 and 1968 dry inatter. was estimated at 0.29%P. ’

" to 33 to 50 per cent for alfalfa growing on plots that received ‘K after each
cutting.  Ladino clover without annual K contributed only 9 to 12 per cent
of the yield as compared to 22 to 35 per cent with fertilizer K.  Both the
. medium and high rates of potassium produced relatively high yields of forage
(Table 9.). Average annual dry matter for no K, 250 K and 500 K, respectively,
were 3510, 7980 and 8270 for alfalfa-orchardgrass and 3830, 7810 and 8210 for
Ladino clover-orchardgrass mixtures. Thus, annual applications of fertilizer K
after each cutting more than doubled dry matter yields of both alfalfa-orchardgrass
and Ladino clover-orchardgrass mixtures during this second five year period,
1965-1969.
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Table 13. Effect of potassium level on total dry matter (kg/ha), per cent alfalfa
in the mixture with orchardgrass and K content

No K 250kg K/ha ) 500kg K/ha
Year
9% legume dry matter kg K % legume dry matter kg K % legume dry matter kg K
(a) alfalfa.orchardgrass

1965 6.3 3333 65.81 34.0 7133 281.84 331 7380 25743
19661 9.1 2953 58.47 33.6 7388 288.13 339 7973 322.91
1967 8.4 4458 89.02 34.0 3983 345.14 33.0 8880 367.80
19632 4.7 3295 62.24 51.2 8970 355.21 49.4 8878 369.32
1969 7.4 3485 65.04 49,9 7395 302.0 53.2 8010 335.30
Total 340.6 1572.3 . 1692.8
K applied 0.0 1250 2500

1) Per cent K for 1966 were estimated at 1.98% in No K, 3.90% in 250 kg K/ha and 4.05%
~ in 500kg K/ha '
2) Per cent K for 1968 were estimated at 1.93%, 3.96% and 4.16% respectiveély.

Table 14. Effect of potassium level on total dry matter {kg/ha), per cent Ladino
clover in the mixture with orchardgrass and K content

No K 250 kg Kfha 500 kg K/ha
Year
9% legume dry matter kg K % legume dry matter kg K % legume dry matter kg K
} (by Ladino clover-orchardgrass

1965 9.1 3155 62.46 32.6 6345 251.64 32.3 . B733 272.98
19669 12.2 3170 63.40 34.7 7495 293.80 353 7670 305.27
1967 10.6 54008 109.70 22.2 9380 361.86 22,6 9540 373.66
1968% 10.0 3728 71.95 322 9467 371.73 28.3 9750 397.80
1969 8.8 3538 65.15 35.2 6745 278.2% 34.2 7243 306.97
Total 3729 1563.3 1656.7
K applied 0.0 1250 2500

1) Per cent K for 1966 were estimated at 2.00% in No K, 3.92% in 250kg K/ha and 3.98% in

500 kg K/ha.

© 2} Per cent K for 1968 were estimated at 1.93%, 3.99% and 4.08% respectively.

When no fertilizer K was supplied, the per cent K in both alfalfa and
Ladino clover declined each year. Alfalfa contained 1.71, 1.68 and 1.50 and
Ladino clover contained 1.74, 1.71 and 1.44 per cent X, respectively, in years
1965, 1967 and 1969 (Tables 11 and 12). Alfalfa and Ladino clover plants
growing at these very low levels of K lost vigor and almost disappeared from
the orchardgrass mixtures.

Alfalfa which received 83 kg K after each cutting (250 kg K annually) was
33 to 50 per cent of the stand, made vigorous growth, and contained from 3.70
to 3.94 per cent K. Ladino clover that received 83 kg K after each cutting was
vigorous and ranged from 3.21 to 3.99 per cent K. Orchardgrass from the alfalfa |
and Ladino clover mixtures was vigorous and contained 3.91 to 4.23 per cent K,
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400

Kg /ha

K Uptake

Harvest year

Treatment No K 250Kg K /ha 500Kg K. /ha

Fig, 1. Uptake of K by K fertilizer topdressing in
alfalfa-orchardgrass mixture

500

Kg /ha

K Uptaks

arvest year

Treatment Mo K 250Kg K ha 500Kg K /ha

Fig. 2. Uptake of K by K fertilizer topdressing in
ladino clover-orchardgrass mixture -

Alfalfa receiving 167 kg K after each cutting (500 kg K annually) ranged from
3.87 to 4.05; Ladino clover from_ 3.73 to 4.14; and orchardgrass from 3.97 to
4.34 per cent K.

As indicated in Tables 11 and 12, the K content of forages not receiving
a topdressing of K was lower than those with topdressing of K. A heavy
topdressing of 500 kg K /ha annually brought an increase of K content comparable
to light or no topdressing of K. The potassium content of orchardgrass was
higher than that of alfalfa and Ladino clover. Comparing the yearly variation
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of K content, the K content of legumes and orchardgrass in 1969 was lower
than that in 1965 and 1967. '

Although the apaalalication of 83 kg K after each cutting produced high yields
of forage with desirable K content, the total K removed by forage in five years
was greater than the K supplied as fertilizer (1572kg K contained in alfalfa-
orchardgrass and 1563 contained in Ladino clover-orchardgrass as compared to
1250 kg K/ha as fertilizer XK).

The favorable effect of potassium fertilizer in maintaining desirable stands

of both alfalfa and Ladino clover in association with oréhardgrass, increased the
nitrogen level in the forage (Table 14).  This favorable effect of potassium
fertilizer application after each cutting helped to maintain the Ladino clover and
alfalfa and greatly favored the nitrogen economy of these legume-orchardgrass
mixtures.  Alfalfa-orchardgrass yields were increased 2.3 times by applying
fertilizer K after each cutting; nitrogen content in this forage was increased )
from 2.30 perscent N (low K) to 3.20 for high K; and the total nitrogen
yields were increased by factors of 2.91, 2.67 and 3.01 (for 250 kg K annuvally)
and by 3.02, 2.80 and 3.34 (500 kg K), respectively, for years 19635, 1967 and
1969. '
Nitrogen -Similarly, dry matter yields of Ladino clover were more than doubled
by applying K after each cutting; nitrogen in the forage was increased from
2.30 per cent N (low K) to over 3.00 per cent N for high K; and the total
nitrogen yields were increased by factors of 2.66, 2.27 and 2.53 (for 250kg K
annually) and 2.86, 2.32 and 2.75 (for 500kg K), respectively, in 1965, 1967
and 1969. :

As shown in Tables 15 and 16, the N contents of legumes and orchardgrass
varied with the kinds of mixtures, the cutting stage and the topdressing of K.
Particularly, the application of K increased the N contents of forages remarkably
over those with no topdressing of K. In géneral, the nitrogen of forages in
mixtures originates from rhizobium bacteria and natural sources such as nitrogen
in soil, water etc. From this data, it may be assumed that K application striking-
ly accerelated the activity of rhizobium bacteria which fix free nitrogen from
the air. Therefore, the amounts of nitrogen uptake by legumes were markedly
affected by the topdressing of K, and by the legume used in the mixture.
Statistical analysis :

The relationships affecting on dry matter yield and nutrient uptake by
forage mixtures with K application have been computed by F test from Tables
3,4,7,8,13, 14, 15 and 16. The results, as shown in Table 17, indicate that a
significant difference at the level of 19 appeared on'the yearly total of dry matter
and the ratio of legumes with the topdressing of potassium in alfalfa-orchardgrass
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Table 15. Nitrogen content (% in dry matter) and it’s uptake (kg N/ha) in
alfalfa-orchardgrass mixture as affected by maintenance K fertilizer

Treatinent 1st cut 2nd cut
kg K/ha Year AL 0G Total AL 0G
annually 9% Uptake % Uptuke Nuptake %  Uptake %  Uptake

No K 1965 3.09 1478 195 21169 22647 3.20 3.681 217 26.072
1966 3.15 2772 200 2L700 24472 330 3795 221 26.520
1967 3.21 3.632 207 41871 45503  3.32 48% 228 24.241
1968 3.22 2576 218 31828 34404 3.36 2352 223 22,590
1969 3.22 3475 200 19358 22832 346 4058  2.25 35.651
Total 318 13933 204 135926 149858 333 18781 223 135074
+0.06 +0.09 +0,09 +0.04

250 1965 366 33319 239 43540 76859 359 33280 272 53.340
1966 359 20259 242 43149 72408 360 39240 281 50,159
1967 367 47963 249 77578 125540 365 40796 286 42.583
1968 320 63360 253 40556 103916 372 66960  2.80 41,104
1969 359 43031 235 23452 66483 396 50306 272 46,287
Total 354 216932 244 228275 445206 370 235581 278 233473
& +0.19 +0.07 +0.15 +0.06

500 1965 367 31671 237 44919 76589 367 40390 278 57.968
1966 365. 33033 235 42253 75.286 366 44103  2.80 57.260

1967 368 49438 252  8L148 130585 365  30.200 280 46.780

1968 362 69400 246  37.220 106620 3.72 65360 2.8l 42,937

1969 364 55790 244 1959 75386 401 57408 276 51.421

Total 3656 230332 243 225136 464466 374 246551 279  256.366

+0.02 +0.07 +0.15 +0.02
Treatment 3rd cut N uptake annually
kg K/ha Year Total AL oG Total AL oG Total
annually Nuptake % TUptake %  Uptake N uptake ota

Ne K 1965 29754 353 1678 234 19563 21241 6837 66804 73.642
1966 30315 352 1654 230 19274  20.928 8221 67494 75715
1967 29135 348 3749 228 22769 26518 12526 88.880 101.156
1968 24942 351 0.878 223 12889 13.767 5806 67307 73113
1969 39.709 351 1142 235 15856  16.998 8675  70.864  79.540
Total 153,855  3.551 9101 230 90351 99452 420656 361.349 403.166
+0.02 +0.05

250 1965 91620 410 18235 283 26577 44812 80833 123458 213.291
1966 80399 409 23518 281 37654 61172 92017 130.962 222.979
1967 83379 404 25478 278 36864 62342 114237 157.024 271261
1968 108064 407 32845 282 37027 69872 163.165 118.687 281852
1969 96592 405 49468 282 28453 77922 142805 97.943 240,998
Total 469054 407 149544 281 166575 316120 603.057 628074 1230.381
- £0.03 40,02

500 1965 98.358 412 19.758 281 26928 46686 91.819 129.814 221633
1966 101,363 410 24190 280 56560 80750 101326 156.073 257.399
1967 86.070 406 27789 280 40031 67.820 116516 167.959 284475
1068 108207 407 29101 280 40236 60337 163.861 120393 284.254
1969 108829 406 52367 282 30582 B2949 165565 101599 267.164
Total 502917 408 153205 281 194337 347542 639,087 675838 1314.925
+0.03 +40.01
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Table 16. Nitrogen content (% in dry matter) and it’s uptake (kg K/ha) in Ladino clover-
orchardgrass mixiure as affected by maintenance K fertilizer
Treatment 1st cut 2nd cut
kg K/ha  Year LC 0G Total LC oG
annually %  Uptake %  Uptake Nuptake %  Uptake %  Uptake
No K 1965 3.17 5148 1.99 17.198 22.346 3.40 2.387 223 26.788
1966 3.30 4.950 2.04 19.441 24,391 3.40 7.072 2,30 25415
1967 3.40 8.084 210 53.770 61.8b4 3.49 9,157 231 29.115
1968 3.35 4,188 208 23.670 27.858 3.45 7.142 2.33 284030
1969 3.32 5490 207 18.920 24,410 3.51 3.076 2.32 36.665
Total 331 27.860 206 132999 160,859 345 28.834 230 145,013
+0.09 +0.04 4+0.05 +0.04
250 1965 3.62 28.407 2.44 37.724 66,132 3.86 36.080 2.69 51.343
1966- 3.65 32,120 2,45 40.376 72.496 3.90 45,435 2.70 48.870
1967 3.69 37.172 248 97.659 134,831 3.93 25.254 2.81 50.313
1968 371 19.663 2.42 78.771 98.434 3.92 62.400 292 49,640
1969 3.78 22710 2.40 32,400 55,110 406 41.840 2.71 48,323
Total 3.69 140072 244 286930 427.003 393 211.009 273 248489
L £006 +0.03 +£0.08 1:0.05
500 1965 3.63 30.993 2.46 42,667 73.660 3.90 37.666 279 55.218
1966 3.65 34.310 2,48 40,994 75.304 3.91 46.803 2.80 51.464
1967 3.70 36.783 2.50 99288  136.079 3.92 26,964 2.81 50.677
1968 3.75 24,750 251 88176 112926 3.95 58.737 278 55,822
1969 '3.82 21.803 253 35.999 57.802 4,08 45,691 2.74 54758
Total 371 148639 250 307124 455771 395 214.851 2498 267939
+0.08 +(.03 +0,07 +0.03
Treatment v 3rd cut N uptake annually
kg K/ha ear Total LC 0G Total
afnua/lly Nuptake % _ Uptake %  Uptake Nuptake ¢ OG- Total
No K 1965 28.176 353 1856 229 19517 21,374 9.392 62504  71.896
1966 32487 312 0936 210 15226 16.161 12.958 60.081 73.03%
1967 38.272  2.28 1710 177 18363 20072 18951 101247 120.198
1968 35172 282 1184 208 21070 22,254 12514 72,770 85,284
1969 39,741 351 2107 234 17.065 19,162 10.673  72.639 83.313
Total 173.848 305 7793 212 91.230 99.023 64.488 369241 433.730
+0.52 +0.22 ‘
250 1965 87423 418 14439 284 23397 3783 78.926 112.465 191,391
1966 94305 412 22866 280 40.320 63186 100421 129566 229987
1967 75568 411 17798 279 44074 61.873  80.225 192.047 272272
1968  112.040 410 28372 281 37738 66.110 110435 166149 276.584
1969 90.163 407 30460 282 34927 65387 95011 115650 210.661
Total 459499 4,12 113935 281 180456 294392 465018 715877 1180895
+0.03 +0.02 '
500 1965 02874 416 14777 281 24012 38739 B83.426 121.897 205.323
1966 98267 415 23448 282 41630 65128 104.561 134138 238699
1967 76641 413 20333 2381 45619 65852  83.079 195484 278562
1968 114550 410 29233 285 30045 68278 112720 183.043 295.763
1969 100449 408 32177 286 33633 70810 99671 120.390 229.062
Total 482790 412 119968 283 188889 308.857 483457 763.952 1247410
+0,03 +0.02
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Table 17. Statistical analysis of dry matter, ratio of legumes and nutrient uptake
with the application of potassium

1. Annual dry matter in alfalfa-orchardgrass mixture

o Sum of DVegree Mean
Source of Variation Squares of Freeédom Square | F
K treatment 213650000 2 106830000 189.9%*
Year 14628000 4 3657000 6.5%%
K treatment X Year 4427800 3 553470 61.3%*
Error 270850 30 9028
Total : 232980000 44
Remarks: * siguifiant at 5 %, ** significant at 1 % level.
2., Annual dry matter in Ladino clover-crchardgrass mixture
o Sum of Degree Mean .
Source of Variation Squares of Freedom Square F
K treatment 23049000 2 11524000 60.4%*
Year 1982500 4 495620 26
K treatment X Year 1495600 8 186940 48,0%%
Error 116740 30 3891
Total 26643000 44
3. - Ratio of alfalfa in alfalfa-orchardgrass mixture
o Sum of Degree Mean ]
Source of Variation Squares of Freedom Square F
K treatment 11076 2 7 5537.80 47.66%#
Year 1295 4 323.63 2.79%
K treatmentx Year 927 8 11594 465,19%*
Error 7 30 ’ 0.25
Total 13305 44
4. Ratio of Ladino clover in Ladino clover-orchardgrass mixture
Lo Sum of Degree Mean
Souzce of Variation Squares of Freedom Square F
K treatment ' 4370 2 2185.10 70.13%%
Year 423 4 - - 10583 3,40%
K treatment X Year 247 8 30.86 103.09%*#
Error 9 30 030
Total ' 5049 44
5. P uptake hy forages in alfalfa-orchardgrass mixture
- Sum of Degree Mean
Source of Variation Squares of Freedom Square F
K treatment 875,33 2 437.66 109,34%*
Year 80.55 4 C 2014 5.03%%
K treatment x Year 30,98 8 3.87 20 84%%
Error 3.89 30 013
Total ) 990.75 44
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6 - P uptake by forages in Ladino clover-orchardgrass mixture

Source of Variation g‘;ﬁ;rgi of]%'erizzz - é\é[s:?e - F

K treatment 732.47 2 366.23 6D.14*%
Year 181,25 4 45,31 B8.06%*
K treatment X Year 4284 8 5.35 19.9g%%
Error 8,04 30 0.27

Total 964.59 44

7. K uptake by forages in alfalfa-orchardgrass mixture

Source of Variation ggg; rgi of ]%‘i%]:éeom ' S%E:‘;L F-
K treatment 672070 2 ‘ 336040 374.2%%
Year 19641 4 4910 5.5%#
K treatmentx Year 6879 8 859 2254
Error Cli47 30 38

Total 699740 44

8. K uptake by forages in Ladino clover-orchardgrass mixture

Source of Variation gg;‘; rgi of I%erig‘li m é\gﬁzﬁe F

K treatment 614830 2 307410 154,9%*
Year 57901 4 14475 7.8%¥
K treatmentx Year 155980 8 1949 55.5¥%¥
Error 1053 ‘ 30 35

Total f 689380 “

9. N uptake by forages in alfalfa-orchardgrass mixture

Source of Variation ggtl;nargi of %ﬁ;ﬁ%m é\gﬁiﬁe F

K treatment 303790 2 151890 205,1%*
Year 14634 4 3669 4.9%%
K treatment X Year 5672 8 709 22.4%%
Error 948 30 .32

Total 325040 44 ‘

10, N uptake by forages in Ladine clover-orchardgrasé mixhire

Source of Variation gguma rgi of %ii;ﬁi o Slt]dl‘::ll r

K treatment 248220 2 124110 145.0%%
Year 29825 4 ) 7486 - 8.8%%
K treatment X Year 6535 8 817 24, 5%*
Error ' 1001 ' 30 ' 33

Total : 285580 44

and Ladino clover-orchardgrass mixtures. Annual P.K.N uptake absorbed by forage
mixtures was statistically significant at the level of 195 with the topdressing of
potassium, also.
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The Role of Weather Fuaclors
The remarkable performance of alfalfa-orchardgrass and Ladino clover-

orchardgrass forage seeding mixture over a ten year period at Obihiro on the
island of Hokkaido in Japan is quite unusual. In most areas or regions where
these forage mixtures are grown maximum or near maximum production does
not extend beyond a period of from two to three years even when adequately
fertilized and carefully managed. In most instances it is difficult to maintain
the legume stands. For example, at Amherst, Massachusetts, the orchardgrass in
Ladino clover-orchardgrass mixtures tends to dominate after two or three years,
especially. if there have been periods of below normal rainfall. Alfalfa because
of its deeply penetrating roots and aggressive growth habit is more persistent
than Ladino clover. In fact, alfalfa frequently dominates the mixture for the
first year or two. Following this initial period orchardgrass together with varying
amounts of volunteer grasses especially Kentucky bluegrass (Poa pratensis) progressi-
vely take over so that in three to five years only scattered alfalfa plants remain.

Just why Ladino clover and alfalfa in mixtures with orchardgrass should
persist and be productive so much longer in Obihiro, Japan, than at Ambherst,
Massachusetts, is difficult to explain. There must be significant differences in
some important environmental factors between the two locations. Of the
environmental factors to by considered weather factors such as rainfall,
temperature and hours of sunshine are by far the most important. Although
Obihiro, Japan and Amherst, Massachusetts are widely separated geographically,
they lie at approximately the same northern latitude and climate in general is
similar for both locations. However, there are substantial and significant
differences in the specific weather patterns characteristic for each location.
These differences are shown in Table 18 for mean temperatures, in Table 19
for precipitation amounts and in Table 20 for hours of sunshine. Only the
weather data for the five summer months (May through September) and for
just the five years of the experiment reported in this paper are shown for
Obihiro.  The comparative weather data for Amherst for the same 'months
are long time averages for the period of years from 1889 to 1958.

From Table 1% it is evident that seasonal growing temperatures at Obihiro
are significantly lower than they are at Amberst, especially for the first three
months of the growing season, May, June and July. Plant growth at Obihiro
not only begins late in the season but also proceeds at a slower growth rate.
A slower growth rate would reduce if not eliminate any stresses on soluble
carbohydrate reserves even at high levels of nitrogen fertilization. Cooler
growing temperatures would therefore contribute to optimum growth and per-
formance of cool season grasses including orchardgrass. The effect of cooler
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Table 18. Mean temperatures (C®), Obihiro, Japan, May-Septemher, 1965-1969

Meen temperature (Degrees C)
1965 1966 1967 1968 1969 S5yr Ave Ambherst, Ma,»

May 1-10 7.5 99 13.1 11.4 115

11-20 115 114 10.8 83 10.9

21-31 124 113 12.7 9.8 8.3
Average 105 10.9 12,2 9.8 10.1 10,7 14,0

Month

June 1-10 124 101 128 133 120
11-20 150 140 153 149 151
21-3¢ 177 ° 143 161 171 177
Average 15.0 12,8 4.7 15.1 15.0 145 16.7

July 1-10 152 139 158 154 154

11-20 16.8 174 207 185 19.8

21-31 180 18.1 214 22,7 216
Average 16.7 16,5 19.4 189 19.0 181 217

Aug 1710 19.3 177 22.0 225 18.3

11-20 19.6 184 20.9 17.8 17.9

21-31 20.2 22.1 19.3 17.2 183
Axverage 19.7 195 20,7 19.2 8.2 195 20,3

Sept 1-10 163 - 175 186 148 187
11-20 160 136 131 164 163
2180 140 130 127 148 111

‘Average 55 147  148. 153 154 15.1 6.1

1) Climatological data, a seventy year summary 1889-1958, Mass. Agr, Exp.
Sta. Bul, 511, 1959.

growing temperatures on Ladino clover and alfalfa would, if anything, tend to
reduce any competitive advantage they might have over the grasses. ‘

Precipitation data shown in Table 19 again show significant differences
between Obihiro and Amherst. Over the five months growing period the monthly
average rainfall at Amherst is fairly constant at 100 mm or a little less per
month. At Obihiro monthly rainfall tends to increase each month beginning
in May and extending through September. The exception shown for July of
77.8 mm results from two dry July years in 1968 and 1969. A long time average
value would undoubtedly reduce if not eliminate this discrepancy.

Increasing monthly rainfall rates during the growing season would be ideal
for perennial forage crops because as the weather warms up and growth rates
increase, the need for moisture increases also. It would especially favor shallow
rooted Ladino clover and would improve its competitive status with a companion
cool season grass. One would not expect a substantial effect on a deep rooted

legume like alfalfa.
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. Table 19. Precipitation (mm), Obihir_o, Japan, May-September,1965-1969

Precipitation (mm)
1965 1966 1967 1968 1969  Byr Ave Amberst, Ma.
May 1-10 . 221 448 1.9 27.8 14,0
11-20 12,6 137 46.2 55.5 125
21-31 13.8 85 0.0 56.0 77.0
Total 48.5 67.0 481 1393 1035 8L.3 94.2

Month

June 1-10 58.6 10,1 1364 7.0 58.0

11-20 0.0 10.2 10.8 19.0 25.0

21-30 156 1128 38.1 10.0 35.0
Total 742 1331 1853 360 1180 1095 90.7

July 1-10 25.0 23.8 618 10.0° 130

11-20 540 26.3 226 340 110

21-31 205 393 285 30 16.0
Total 99.5 Bo4 1129 470 40,0 778 100.5

Aug K10 200 341 204 240 6O

1120 29 559 115 3.0  5L0

21-31 82 69 336 990 1010
Total 311 969 745 1540 2130 1149 975

Sept 1-10 1433 75.8 20.4 285 320

11-20 1150 74 821 55 7.0

21-30 153 78.6 725 33.0 85
Total 2736 1618 1750 67.0 - 475 145.0 99,7

For the two weather factors discussed, average temperature and monthly
precipitation, the situation at Obihiro is more favorable to optimum growth
and performance of grasses and to some extent Ladino clover than at Amherst.
There is little indication why the legumes, Ladino clover and alfalfa, persist so
much longer and are more produc'ti've at Obihiro. Table 20, on "the othier hand,
showing hours of sunshin may provide some useful information. There are
many fewer hours of sunshine at Obihiro than at Amherst. In May the percentage
of sunshine compared to Amherst is 78 per cent, in June 66, in July 57, in August
51, and in September 76 percent. The significance of these substantial differences
in hours of sunshine has been interpreted by the late Dr. George N. HOFFERY
in a private communication to Dr. DRAKE. Dr. HOFFER believed that the short
flat leaflets of the legumes held mostly in a position of 90° or near 90° to the
light rays would absorb more energy than the long drooping leaves of grasses,
especially as plant height increases. This greater efficiency of light absorption
by the legumes over the grasses would give the legumes a greater competitive
advantage and therefore explain to some extent at least why Ladino clover and

1) Dr. George N. HOFFER, Botanist Purdue University, and later staff member of American Potash Institute.
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Table 20, Hours of sunshine, Obihiro, Japan, May-September, 1965-1969

Hours of sunshine
1965 1966 1967 1968 1969 S5yr Ave Amberst, Ma.

May '1-10 50.0 813 66.9 71.8 76.9
11-20 814 713 35.6 26.1 819
21-31 99.0 88.4 75.8 195 50.7 ‘
Total =~ 2304 2470 1783 1174 2093 195.0 250.1

Month

June 1-10 58.3 37.2 39.0 67.2 71.2
il-20 593 80.2 66.3 69.9 62.9
21-30 79.6 376 65.2 76.2 711 =
Total 1972 1550 1075 2133 - 2052 173.6 - 261.3

July 1-10 666 424 371 560 585
11-20 362 511 491 408 587
21-31 825 526 367 669 621 .
Total 1553 1461 1429 1637 179.4 1575 2749

Aug 110 372 13.8 614 41.9 321
11-20 34.0 5.5 50,2 278 319
21-31 70.7 73.2 48.3 56.6 410 .. .
Total 141.9 925 1604 1263 1050 1252 244,0

Sept  1-10 17.9 67.5 52.9 387 65.2

11-20 54.1 62.0 5.4 5L.8 75.9

21-30 65.4 54.8 377 419 83.1
Total C 1374 1843 960 1334 2443 155.1 204.8

J7

alfalfa when adequately fertilized and properly managed as shown in these
experiments can be so productive over a ten year period.

_ Snow cover is the last point of difference to be mentioned.  Ordinarily
most of Hokkaido receives a heavy snowfall. Melting snow into the spring is
the principle reason for slow spring growth. The snow cover at Amherst is
‘highly, variable. In certain years it may be heavy; in others, light. A heavy
snow cover is excellent protection against low temperature injury and is also
excellent protection against injury from strong cold desiccating winds. The thick
fleshy stolons ofLadinc clover are particularly susceptible to this type of injury.

Summary of 1965-1969 Yields

In 1969, the phosphorus con_tént of both alfalfa and. Ladino clover and the
associated orchardgrass fell to dang'erously low levels. These low P levels threaten
the stand longevity as well as indicate substandard levels of P for animal
nutrition. Where alfalfa or Ladino clover in association with a vigorous grass
such as orchardgrass is to be grown more than 5 years, 2000kg of Supetf
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phosphate/ha should be banded at planting.

Application of 83 kg/ha of potassium as KCl after each cuiting was highly
effective in maintaining both yields and a desirable proportion of either alfalfa
or Ladino clover in the mixture with orchardgrass. However, this 83 kg/ha rate
of K application did not equal the total K removal by alfalfa-orchardgrass in
the second five year period (1250 added and 1572 removed) and by Ladino clover-
orchardgrass (1250 added and 1563 removed). The application of 167 kg/ha after
cach cutting exceeded K removal (2500 applied-1693 removed alfalfa-orchardgrass
and 2500-1657 Ladino clover-orchardgrass). Thus 100 to 120kg K/ha after
each cutting appears to be required under the conditions of this experiment for
this soil,

The per cent K declined each year in alfalfa (1.71, 1.68, 1.50) and Ladino
clover (1.74, 1.71, 1.44), respectively, in 1965, 1967 and 1969 when no fertilizer
K was added annually. When 83 kg K/ha were applic& after each cutting,
alfalfa ranged from 3.70 to 3.94, Ladino clover from 3.21 to 3.99 and orchardgrass
from 3.91 to 4.23 per cent K. With 167 kg K after each cutting alfalfa ranged
from 3.87 to 4.05, Ladino clover 3.73 to 4.14 and orchardgrass 3.97 to 4.34 per
cent K. Based on the first five vear study, recommended levels of K were:
Ladino clover 3.5: alfalfa 3.0 to 3.5, and orchardgrass 3.5 to 4.0 per cent K.
Under conditions of this research, the application of 83 kg K/I;La after each
cutting maintained a favorable level of K in these forage species. However, this
83 kg rate of K did not equal K removed in the forage. '

Alfalfa from plots without fertilizer K contributed only 5 to 9 per cent of
the alfaifa-orchardgrass dry matter yield. Alfalfa contributed 33 to 50 per cent
of the yield of alfalfa-orchardgrass when fertilizer K was applied after each
cutting. Ladino clover without annual K contributed only 9 to 12 per cent of
the dry matter yield of Ladino clover-orchardgrass as compared to 22 to 35 per
cent with fertilizer K.

Nitrogen level in forage of the alfalfa-orchardgrass and of the Ladino
clover-orchardgrass mixtures was increased greatly when desirable legume to grass
ratios were maintained by fertilizer K. Dry matter yields were more than
doubled ; nitrogen was increased from 2.30 (low K) to over 3.00 per cent in the

forage; and total N production was almost tripled.
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Photo 1. Alfalfa-orchardgrass mixture witho:t Photo 2. Alfalfa-orchardgrass mixture

445

with

topdressing of K, June 17, 1972 topdressing of 300 kg K,O/ha, June 17,

1972

Photo 3. Ladino clover-orchardgrass mixture Photo 4. Ladino clover-orchardgrass mixture
without topdressing of K, June 17, 1972 with topdressing of 300kg K,O/ha,
June 17, 1972
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