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Abstract

The effect of different forms of potash fertilizers on the chemical composition and
palatability of alfalfa, cocksfoot and mixture between them was studied during 2006 -
2008 in the Institute of Forage Crops, Pleven, Bulgaria. Alfalfa (Medicago sativa L.) variety
Pleven 6, cocksfoot (Dactylis glomerata L.) variety Dabrava, and mixture between them
were tested. The following potash fertilizers were used: MOP- (60% K20); Korn-Kali (40% K20,
6% MgO, 3% Na, 4% S), and Magnesia-Kainit (11% K20, 5% MgO, 20% Na, 4% S). We did not
observe differences of crude protein and crude fiber contents after the potash fertilizing.
Crude protein was higher and crude fiber lower in fourth cut, which was formed in autumn
months. In cocksfoot and mixture, crude protein increased from first to fourth cut, but
crude fiber decreased, because cocksfoot formed generative stems at first cut and
leaves only in next cuts. There was a tendency to decrease of potash content from first to
fourth cut. The concentration of potash was lower in alfalfa and higher in pure cocksfoot.
A regression equation was worked out, which demonstrated a negative correlation
between potash content and calcium (r= 0,745), and between potash and crude protein.
Potash fertilizers decreased calcium content. Calcium was higher in alfalfa, decreased in
mixture, and was the lowest in cocksfoot. Potash fertilizers had no effect on phosphorus
content in alfalfa and cocksfoot. There were no differences in the forage palatability in
variants depending on the form of potash fertilizer, but there was a tendency to increased
palatability in fertilized alfalfa, cocksfoot and mixture compared to unfertilized variants.

Infroduction

The production and quality of forage crops and grasses depend on many factors
including mineral fertilizing. The application of mineral elements aims at creating optimal
conditions for realization of the genetic potentialities for obtaining of higher yield from the
forage plants and higher forage quality (Meyer, 2006). The higher nutrient and mineral
content in forages allows easy balancing of the ratfions depending on animal
requirements and improvement of their nutrition. In Bulgaria, alfalfa is the main forage for
hay and haylage, and its agronomic and zootechnical quality is often an object of study.
The aim of this study was to investigate the effect of different forms of potash fertilizers on
the contents of crude protein, crude fiber, Ca, P, K and palatability of alfalfa, cocksfoot
and mixture between them.

Materials and methods

A field trial was carried out in the Institute of Forage Crops, Pleven with alfalfa (Medicago
sativa L.) variety Pleven 6, cocksfoot (Dactylis glomerata L.) variety Dabrava and mixture
between them in ratio 1:1. Different forms of potash fertilizers were applied: Muriate of
Potash (MOP)- 60% K20; Korn-Kali (40% K20, 6% MgO, 3% Na, 4% S), and Magnesia- Kainit
(11% K20, 5% MgO, 20% Na, 4% S). The nitrogen fertilizer was applied as ammonium nitrate

1



and the phosphorus one as ftriple super phosphate. The scheme of treatments was
described in the first paper (Vasilev et al. 2009) where the botanical composition of swards
and dry mass yield were presented.

During 3 consecutive years for every cut (4 cuts for 2006 and 4 cuts for 2007 and 2008) the
content of crude protein (N x 6,25) and crude fibre was determined by Weende methods
(AOAC, 1990), phosphorus with hydroquinone, Ca - complexometrically and potassium by
flame photometer.

The palatability of the forages of alfalfa, cocksfoot and mixture of alfalfa and cocksfoot
was determined by the method of “trough cafeteria” (Gillet et al., 1983). By this method,
each animal had a free access to mowed mass from three freatments of forage in equal
quantities. Fifteen wethers of the breed of Pleven Blackface sheep at the age of § years
were used. The mowed green mass was put from each treatment in a quantity of 1 kg for
3 animals. The quantity of the eaten forage was recorded at the end of the first hour from
the putting of the forage. The consumed forage from each treatment was presented as %
of the total consumed forage from the three treatments and the relative value was given
as % of the put quantity.

Statistical analysis of data was made using MS Excel, ANOVA, LSD at P=0.05.

Results and discussion
The content of crude protein and crude fibre in pure swards of alfalfa and cocksfoot, as
well as that for the mixture between them are given on Table 1.



Table 1. Content of crude protein and crude fibre in the forage under fertilizing with different
potash fertilizers, g/kg DM

W 1" regrowth  2™regrowth 3" regrowth 4™ regrowth Average
Treatmen CP CF CP CF CP CF CP CF CP CF

Alfalfa

1961 2142 1967 2444 2065 2151 2061 2052
NOPOKO 1066 +34 +154 +433 292 359 2249 141 54 ial2
1980 2234 1968 2567 2025 0352 2105 2186
N5OP210 £367 20,1 +138 502 332 =210 2439 1891 o004 1430
1961 2284 1944 259.6 1935 0229 2139  210.8
NPK-MOP £352 =100 =166 634 £330 204 215 1325 a5 546
1981 2337 1969 2489 1982 232.5 2145 2122
NPK-KOmKall 308 +122 +163 2449 +386 =440 2040 1338 a3 508
2022 2365 1948 2526 1982 2280 2154 2180
NPK-MgKainit - [s4's 1762 +171 +481 =+ 386 +356 2002 1951 Dauo 1431
- 1983  227.2 1959 2524 199.8 2267 2542 1453 LSDsx LSD s
- +2,5 +88 +£1,25 x60 +4,9 + 8,0 +19.4 +12,1 16.7 12.7
Alfalfa + Cocksfoot
1655 271.9 1870 2571 2109 2125 2044 221.9
NOPOKO £323 170 251 456 549 516 2002 1461 554 1564
1616 2601 1914 2604 1952 2395 193.2 2341
NSOP210 £283 =102 +203 384 639 525 2245 1767 o557 1395
1658 2660 1826 2574 1925 233.8 1955 2302
NPK-MOP £200 +27.0 +17.5 +500 =440 =549 2410 1639 %55 463
1447 2703 1990 2764 1922 2300 1931 2364
NPK-KomKall 173 L9200 +403 404 405 =374 2906 10901 575 1493
1524 2716 1901 2699 1991 2197 1940 2316
NPK-MgKainit — Jo's  Logs +524 +199 +454 +51.8 2945 1651 537 1504
- 1576 2680 1900 2642 1980 2271 2386 1642 LSDsx LSD s
- +8,8 +5,0 +6,0 + 8,5 +7,7 =109 11,5 +11,3 13.1 13.2
Cocksfoot
1268 2583 1414 2664 1644 2300 1500 23356
NOPOKO L4390 259 163 196 463 +563 2092 1794 535 1303
1270  257.9 1432 2850 1717 2348 1603 2406
NSOP210 L1477 +239 +24 +27.0 +551 +531 093 1845 avo La06
1203 250.9 1563 273.8 1877 2342 169.3 2382
NPK-MOP L4155 285 121 386 596 474 228 1880 050 1391
1227 2527 1538 2624 1727 2301 161.9  231.7
NPK-KomKall 540 +283 +105 =04 +462 =482 1285 1815 [45y6 L1361
1238 2666 1590 2718 1868 2330 1631 239.6
NPK-MgKainit -~ “seo 1314 +105 =272 =536 =508 1020 1871 [og9 Lago

124,1 2591 180,7 2719 1767 2324 1993 1835 LSDsx LSD s%

X= +2,8 +5,0 + 8,0 +86 +10,1 +22 +109 +£30 13.5 6.4

As a legume, alfalfa has the highest content of crude protein and the lowest one of crude
fibore compared to cocksfoot and the mixture. There were no differences in crude protein
content for the three cuts of alfalfa, but for cocksfoot and the mixture there was a tendency
to increase of crude protein from first to second, third and fourth cut. This was due to the
biological characteristics in species development during the growing season. Cocksfoot
formed reproductive stems mainly in first cut and during next cuts it formed vegetative stems
and leaves only - aftergrass.

The fourth cut of these three swards (alfalfa, cocksfoot and mixture) was characterized by the
highest content of crude protfein and the lowest one of crude fibre. This was due to the earlier
stage of mowing at the end of growing season. A tendency to lower content of crude fibre
was observed in third and especially in fourth cut. This fact was probably due to the more
favourable conditions of sward development in autumn. Generative stems dominated in first
cut of cocksfoot and after that the sward only consisted of leaves without stems. As a rule, the
fibre content in summer cut is higher due to the high summer temperatures that stimulate the
accumulation of structural carbohydrates in the plants (Wilson et al., 1991).



Table 2. Pofash confent in the forage under fertilizing with different potash fertilizers, g/kg DM

1" regrowth  2@regrowth 3" regrowth  4™regrowth Average
Alfalfa
NOPOKO 14,65 +3,30 1268+040 1291 +3,34 8,91 12,29 + 2,42
N50P210 15,75 + 4,91 1260+ 1,80 12.03 + 1,61 10,20 12,65 + 2,31
NPK-MOP 18,62 +530 1628+0,74 13,76 +3,35 11,11 14,94 + 3,24
NPK-KornKali 18,02 +513 1580+ 1,18 14,74+ 6,17 12,43 15,25 + 2,32
NPK- MgKainit 1539 +294 13,96 +3,75 12,20+ 2,91 11,31 13,22 + 1,82
X= 1648 + 1,73 1426+ 1.72 13,13+1,13 10,79+ 1,32 LSD 5% 1.2
Alfalfa+cocksfoot
NOPOKO 2250+727 17,14+£1,32 1238+2,13 10,90 15,73 £ 5,24
N50P210 24,01 £4,59 1877 +1,83 14,60+4,11 12,01 17,35 £ 5,24
NPK-MOP 25,07 + 6,41 18,64 +2,74 13,79 + 1,51 14,01 17,88 + 5,29
NPK-KornKali 27,63 £ 5,71 18,60 £ 2,49 12,82+ 2,62 13,07 18,01 + 6,93
NPK- MgKainit 28,02+ 560 1990+ 1,13 14,16+284 11,03 18,28 + 7,46
X= 2544 £236 1859+098 1355+1,33 1220+ 1,33 LSD s% 2.0
Cocksfoot

NOPOKO 26,42 + 4,67 21,29+090 17,90+0,79 16,15 20,44 + 4,52
N50P210 26,00 +4,25 22,88+0,80 17,25+ 1,26 17,60 20,93 + 4,25
NPK-MOP 27,29 +405 23,85+043 19,71 +1,29 16,30 21,73 +4,79
NPK-KornKali 27,22 + 4,41 23,05+ 1,49 1840+ 1,94 16,05 21,18 + 4,97
NPK- MgKainit 27,11 £6,56 22,95+0,75 19,34 + 2,26 16,85 21,56 + 4,47
X= 26,81 £057 2280+093 1852+1,01 1659 +0,64 LSD s% 1.1

Contents of K, % of DM

y =-0,6737x + 2,9682
R® = 0,5536
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Figure 1. Relationship between contents of K and Ca as well as K and crude protein

It was found from the results of all fertilized and unfertilized variants in alfalfa, cocksfoot
and mixture that there was negative relationship between potassium and content of
crude protein (r= -0,432) and between potassium and calcium (= - 0,745) (Fig. 1). The
increase of potassium content in the plants decreased the crude protein content, which
corresponds with the results of Meyer (2006) in alfalfa.



Table 3. Phosphorus and Ca content in the forage under fertilizing

with different potash fertilizers, g/kg DM

rowths  1¥regrowth  2™regrowth  3"regrowth 4™ regrowth Average
Treatmen P Ca p Ca p Ca p Ca p Ca
Alfaifa

573 0768 233 2036 312 21.80 577 23,50

NOPOKO L1095 +584 +059 +1.31 143 =587 271 2414 534 1320
303 2473 236 1861 288 2111 283  21.36

N50P210 2127 +542 +1.42 =176 =142 =327 04 2098 Jga om0
087 2494 220 1806 301 19.31 206 2064

NPK-MOP £110 +444 +138 +060 +138 =158 /7 2025 g4 1300
255 23927 216 1922 309 1856 280 20,27
NPK-KomKall — "070 1580 +035 =027 +1.34 +107 >4 2000 [g56 1209
073 2425 212 1922 343  19.41 201 2048
NPK-MgKainit - “670 £470 +059 =016 +075 +430 ©°° 1904 g1 1250
. 078 2497 293 1909 311 2003 330+ 20,88+ LSDs LSD ex
= £018 +1.64 +010 +085 +020 =135 033 194 04 13

Alfalfa + Cocksfoot

508+ 13,00 242 1578 334 2008 506 16,68

NOPOKO 077 +310 =049 +209 +149 =312 >0 169 ‘g3 330
074 1196 256 1490 289 17.46 280 14,39

NS0P210 L1072 +1.82 +033 +540 +159 x220 01 1324 g9 Lo37
268 1076 235 1582 283 1803 269 1472

NPK-MOP L1053 +483 +025 +440 +130 =233 290 1425 0554 1306
271 786 228 1463 291 1923 266 14,05
NPK-KomKall - "670 +199 +010 =059 +150 +384 273 1448 007 L4068
062 781 254 1360 283 1892 270 13,48
NPK-MgKainit - “n'e5 +059 +046 +308 +156 +405 280 1360 044 1454
. 075 1028 243 1495 296 1893 290 1450 LSDst LSD sx
= +014 +237 +012 +092 =021 +134 +014 =145 02 19

Cocksfoot

320 467 262 63/ 300 858 300 637

NOPOKO £113 +038 +011 051 +153 =1.63 >V 987 007 +16a
200 437 260 600 306 858 203 6,04

NS0P210 £120 026 +019 +011 +101 =130 <16 9522 504 L7182
065 422 258 644 273 8,62 067 597

NPK-MOP L1014 +050 +032 +009 +153 =194 272 498 0507 +202
271 402 236 621 266 836 277 588
NPK-KomKall — 5og 2067 +014 =025 «1.67 120 534 49 041 1188
069 360 268 611 282  7.65 279 558
NPK-MgKainit - " '04 +052 +020 =011 +206 +132 298 4% o011 4172
. 083 418 257 622 285 835 305 511 LSDs LSD s
- +022 +£040 +0,12 +0,18 +0,17 041 +025 +0,48 0.3 0.5

There was no significant effect of the potash fertilizihg on the content of crude protein in
alfalfa and cocksfoot. Irrespective of the fact that the crude protein content was
unchanged, the positive effect of the fertilizihg was expressed in increased total yield of
protein per unit area with increase of dry mass yield, as a result of the fertilizing, as
mentioned in our first paper (Vasilev et al. 2009).

Fertilizing with different form of potash fertilizer increased the potash content in alfalfa and
cocksfoot, as well as in the mixture between them (Table 2). There was a tendency to
decrease of potash content from first to fourth cut. The concentration of potash was the
lowest in alfalfa and the highest in cocksfoot and the mixture. This was due probably to
the negative correlation between potash content and crude protein (r= -0,432). and
between potash and calcium r= - 0,745) (Figure 1.). The content of potassium in cocksfoot
and in the mixture was on average 58% and 30% higher respectively compared to alfalfa.
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There were higher values of potassium content in the treatments fertilized with potash
fertilizers, but with the trend to a slight decrease from first to fourth cut.

Potash fertilizers decreased the content of calcium (Table 3). Calcium was higher in
alfalfa, decreased in mixture, and was the lowest in cocksfoot. The negative relationship
between the contents of calcium and potassium presented in Figure 1 was confirmed.
Potash fertilizers had no effect on phosphorus content in alfalfa and cocksfoot (Table 3).
There was no relationship between potash and phosphorus content.

The relative average results of the forage palatability are given on Table 4. There were no
differences in forage palatability in the variants depending on the form of potash fertilizer,
but we observed a tendency to increase of palatability (from 3% to 23%) in alfalfa,
cocksfoot and the mixture with fertilizihg compared to unfertilized variants. The average
values of palatability of cocksfoot and alfalfa were close and were probably due to the
fact that after the first cut of cocksfoot the next cuts consisted only of leaves that had
higher palatability and nutritive value than the stems.

Table 4. Palatability of alfalfa, cocksfoot and mixture between them under fertilizing
with different potash ferfilizers

Year Control NP NP K(Mop) NP K(Korn Kali) NP K(Mg-Kainit)
Alfalfa
2006 31.4 32.6 31.5 34.7 31.1
2007 57.7 59.5 60.7 64.1 57.3
2008 20,5 20,4 19,5 19,2 20,4
Average 36,5 37,5 37,2 39,3 36,3
Alfalfa + Cocksfoot
2006 28.9 34.1 32.4 37.4 34.3
2007 57.8 62.7 61.0 67.0 59.8
2008 16,0 20,5 20,4 21,8 21,2
Average 34,2 39,1 37,9 42,1 38,4
Cocksfoot

2006 35.6 35.4 36.4 34.4 34.8
2007 51.4 54.8 57.7 63.7 47.4
2008 14,1 18,7 22,5 22,5 22,2
Average 33,7 36,3 38,9 40,2 34,8
Average 34,8 37,2 38,8 40,5 36,5
Conclusions

There was no significant effect of fertilizing with Muriate of Potash (MOP)- 60% K20; Korn-
Kali (40% K20, 6% MgO, 3% Na, 4% S), and Magnesia- Kainit (11% K20, 5% MgO, 20% Na,
4% S) on the content of crude protein and crude fibre in alfalfa, cocksfoot and the mixture
between them. Fertilizing with different forms of potash fertilizer increased the potash
content in alfalfa and cocksfoot, as well as in the mixture between them. The
concentration of potash was 58% on average higher in cocksfoot compared to alfalfa.
The fourth cut of alfalfa, cocksfoot and the mixture was characterized by the highest
content of crude protein and the lowest one of crude fibre.

It was found that there was a negative correlation between potash content and calcium
(r=-0,745), and between potash and crude protein (r= -0,432).

In the variants fertilized with different potash fertilizers there was no statistical influence on
the forage palatability, but there was a tendency to increase of palatability in fertilized
alfalfa, cocksfoot and mixture compared to unfertilized variants.
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