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ABSTRACT

Five range aspects wer e selected and three doses of N (0, 50, 100 kg ha®), two doses of P fertilizers (0, 50 kg hal), asin
combination, were used in this study to determine the effects of fertilization on dry matter yield and forage quality. The
study carried out on the Palandoken Mountain rangeland, in Erzurum, in 2004 and 2005 years. Dry matter yield
increased by the effects of fertilization and the highest value was in N,P; treatment plots whereas the lowest was in
control plots. The crude protein (CP) contents from fertilizer applications (N, P and N + P) were higher than that of
the plots without fertilization. While the north aspect had the highest CP content, the south revealed lowest in terms
of average of the study years. The highest acid detergent fiber (ADF) content was found to be in south and the lowest
in west. ADF content decreased with fertilization and there were significant differences between fertilization and
aspects. North aspect had higher and west aspect lower neutral detergent fiber (NDF) contents than those found in
other aspects. But the NDF content had no significant difference from north, south and east aspects. N and N+P
fertilizations had a significant difference from control and NyP; treatment plots in the respect of NDF content.
Fertilization increased total digestible nutrient of forages. The highest TDN was in west aspect, the lowest wasin south
aspect. According to the results of the study 100 kg ha™ fertilizer can be recommended to increase dry matter and

forage digestibility of rangelands.
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INTRODUCTION

Ruminants are best adapted to use range plantauBec
they have microbes in their digestive systems éffatiently
break down fiber, which is quite high in most rangants.
However, animal breeding based on rangelands may
restricted by a number of factors. Perhaps the tegta
constraints are those related to the grazing asiradllity to
select and consume a diet supplying enough nigrientmeet
daily requirements for maintenance and productiail ¢t al.,
2001). When grassland losses some nutrient by iolippr
grazing, fertilizers are applied to replace thet logtrient
(Whitehead2000).

All forage plants are composed of cells having dis
cell walls for support and protection. Neutral dgémt fiber
(NDF) consists of the total fiber in the forage apthtes to
forage intake by ruminants (Rayburn 1991; Ballle@01;
Undersander 2007). Acid detergent fiber (ADF) isnposed
of highly indigestible fiber and relates negativéty forage
digestibility (Rayburn 1991; Ball et al. 2001). e#lible dry
matter (DDM) is the digestibility of forage, is eft
calculated from forage ADF (Rayburn 1991; Linn dalrtin
1999). Relative feed value (RFV) index combines antgnt
nutritional factors (Linn and Martin, 1999). Totailtrogen
concentration, used for estimate of crude proteintent
multiplying that by 6.25 in the forage is importasince
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adequate intake of nitrogen is essential for animal
productivity (Mattson 1980). Much of the proteinforages

is degraded in the rumen by bacteria. These baatiseg this
protein for growth and for digestion of the forafiber
anyburn 1991).

Crude protein, ADF and NDF content in forage can
change with chemical fertilization (Black and Wigh®72;
Probasco and Bjugstad 1980), and range aspectba$tm
and Bjugstad, 1980). Also digestible dry matterd selative
feed values, calculated from ADF, NDF and crudetgm
values, can be affected by fertilization and aspect

The aim of this study is to determine the effedtdl@nd
P fertilization on dry matter yield and feeding liyaof
forage in different rangeland aspects.

MATERIAL AND METHODS

This study was conducted on different aspects nfea
sites (east, west, south, north and summit) onnidalen
Mountain, in Erzurum for two years (2004 and 200%)0,

50, 100 kg N hd), as ammonium sulphate, and P (0, 50 kg
P,0s ha), as triple super phosphate, as in combinatiorewer
used for fertilization; a randomized complete block
experiment design, as three replications, was usethis
study.



The study site is located on an average altitfd®450 divided 4 sub-samples. Total N content was detezchiny

m, and included in an ungrazed area. Annual averagke Kjeldahl method and multiplied by 6.25 to giseide
temperature is 5.7C, total annual precipitation 423.8 mm; protein content (Jones 2001). Acid detergent filaed
monthly average humidity is 63.9 % in study arede T Neutral detergent fiber analyzes were determined\an
highest precipitation was in May (70.5mm), the Istven  Soest 1963). Total digestible nutrient was deteeahirby

August (16.6 mm) (Table 1). (Linn and Martin, 1999) equations (TDN%=88.9-(0.7%9
ADF%). Crude protein yield was determined by muyiipg

Table 1. The Climatic dates of Erzurum Province for crude protein content by dry matter yield.

2004, 2005 years and Long Term Average (LTA)(*) Analysis of variance (ANOVA) was computed by SAS
- GLM (SAS Institute 2002). Differences among treatise
Total Precipitation - Temperature®C) were subjected to LSD test.
o o8 o e resurs
anuary ' ' o e According to average of two study years, there were
February ~ 90.0 89 267 -87 -11.37.8 significant differences (p<0.01) among dry mattélds of
March 33.7 465 350 -17 -31 -25 range aspects and the highest dry matter yield7(kG5ha')
April 36.0 677 516 40 63 54 was in north aspect, the lowest (948 kghhwas in west
May 1217 921 705 97 106 105 aspect. On the other hand, fertlllzatlon_ had sigaift
] 407 700 475 145 139 148 (p<0.01) effects on dry matter yield. The highest ohatter
une ' ' . . : ' yield (1426 kg hd) was determined in #; treatment plots;
July 179 203 272 179 202 193 the lowest (944 kg hg was in control plots. There is no
August 1.3 243 166 196 204 19.3 statistical difference between,® and NP;; NoPy and NP;
Sept. 6.0 154 245 138 140 145 treatment plots (Table 2).
Octb 274 718 446 79 65 7.9 Table 2. Dry matter yield of different range aspects (kghha
' ' ' ' ' ' ' (Average of two years)
Nov. 436 152 340 -10 10 0.8
Dec. 82 211 229 -141-39 -59 < Range Aspects
Tot/Mean 440.8 479.9 4238 44 51 56 g . s £ £ E
(*)The Official Directoryship of Meterorological Blation for T § 4 3 ‘S IS @
Erzurum i = n z A g
=
Four composite soil samples were collected fornﬁa_ser NP, 867 819 916 1162 957 O4u
layer of each aspect and analyzed for some physicdl
chemical properties. Particle size distribution safil was NoPy 870 833 923 1164 961 980

determined by the hydrometer method (Gee and Bauder NP, 1153 955 1045 1302 1017 1084
1982). Soil pH was measured using a hand held ativity

meter and pH electrode (Mclean 1982; Rhoades 1982). NP 1181 980 1061 1341 1164 1145
Organic matter was measured by Smith-Weldon method NP, 1474 1043 1199 2186 1188 1448
(Nelson and Sommers, 1982). Phosphorus was detirbin

spectrophotometer (Olsen and Sommers, 1982). Ratass NoP, 1505 1059 1222 2189 1159 1426
was measured by atomic absorption (Rhoades 198®). S  \1eans 1175b 948d 1061c 1557a 1074c 1164
texture was sandy loam in east and summit sitag,lobm in LSD: Fertilization (0.01) = 21,8; Aspect (0.01) 9,8; Year *
north, loam in south and west. Soil pH was 6.2 asteand Aspect * Fertilization (0.01) = 68,9

west, 5.9 in south and north, 6.3 in summit sit@l &ganic Year had significant effect on dry matter yield aind

matter content was 6.3, 4.8, 4.5, 4.1 and 6_.6 % ,zaailable second study year, dry matter yield was higher tiha of
K was 31.4, 284, 28.1, 27.5 and 29'7_ kglajaj Olsen P the first study year (Figure 1). The interactiorisyear by
content was 2.5, 1.6, 2.4, 3.6 anc_i 4.2 14 F“‘a"?‘”ge aspects aspect (Figure 3), year by fertilization (Figure @%pect by
of east, west, south, north and in summit sitepeesvely. fertilization (Figure 4) and year by aspect byifedtion had

Grasses had the highest proportion in north, bkigber in e < ;
east and south than west and summit. In westagalus Zg;éii:?}ra?ree%s (p<0.01) on dry matter yield minge

eriocephalus had higher proportion than the other aspects. . T .
Chemical fertilization affected the crude proteontent

The results were submitted as average of two years. A = Nt
of forage. Crude protein content from fertilizemphgations
Dry matter yield was determined by weighing afterN, P and N + P), according to average of studysyeaas
harvested, when dominant species began to flowesawh higher than that of the forages from the plots wiith
year in July, from 1 fnarea of central part of each plots. fertilization, and there were significant differesc(p<0.01)
Total number of plots was 90, areas of each ploeveenf  among fertilizer treatments and aspects. The hig@®
and total research area was 0.187 ha. Samples avere  content was determined iR treatment, which did not
dried at 76C for 24 h, grounded to pass a 2 mm sieve, and
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Figure 1. Changing of dry matter yield (a) and crude protgintent of forage (b) in study years with LSD Had (dry matter):12,6;(crude
protein): 0,058).
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Figure 2. The effects of year by fertilization interaction dry matter yield (a) and crude protein conterfoodige (b) with LSD bar (Isd for
dry matter=48,7; crude protein =0,14).
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Figure 3. The effects of year by aspect interaction on dagten yield (a) and crude protein content of forégewith LSD bars (Isd for dry
matter:28,2; crude protein:0,13).
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Figure 4. The effects of aspect by fertilization interactmmdry matter yield with LSD bar (Isd:69,6) (Avgeaof two years).
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differ from N;P, treatment; the lowest was in control plots

(NoPg). While north aspect had the highest CP conteniths
revealed the lowest in terms of the average obthdy years
(Table 3).

Table 3. Crude protein (CP) content of range forage in
different range aspects (%) (Average of two years)

Range Aspects

c
S
g < £
= s« & 3 5 E ¢
g ¥ = 3 2 3 8

=
NP, 105 97 93 104 105 10el
NP, 106 99 97 110 105 108
NP, 105 103 101 112 104 1G5
NP, 108 106 105 123 109 1Hk0
NP, 107 111 97 121 108 109
NP, 108 108 9.9 126 113 1lal
Means 10.6b 10.4c 9.9d 11.6a 10.7b 10.6

LSD: Fertilization (0.01) =0,10; Aspect (0.01) =8 Year *
Aspect * Fertilization (0.01) = 0,31

Year significantly affected (p<0.01) CP content d@hd
second study year had higher crude protein corkemt the
first study year (Figure 3). The interactions effeaf year by
aspect (Figure 3), year by fertilization (Figure @%pect by
fertilization (Figure 5) and year by aspect by ifizdtion,
respectively, had significant influence on crudeotgin
content of forage.
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Figure 5. The effects of aspect by fertilization interactiom crude
protein content of forage with LSD bar (Isd:0,28y¢rage of two
years).

There were significant differences (p<0.01) amorigFA
contents of forage in range aspects. The highe$t é@htent
was in south while lowest in west. ADF content @ased
with fertilization and there were significant difémces
between fertilizer treatments (Table 4).

18

Table 4. ADF content of range forage in different range
aspects (%) (Average of two years)

Range Aspects

c
o
: . 3
= & & 3 T £ o
& w = 1% z a g
=
NoPo 39.8 37.9 38.2 394 391 3&9
NoP1 39.3 38.8 384 379 38.1 3&%b
N1Po 38.2 36.5 40.7 38.6 37.3 3&B
N1P; 39.9 37.2 38.6 395 37.3 3&%b
NPy 37.4 35.2 404 395 371 319
N,P; 37.8 34.6 394 364 369 3%0
Means 38.7ab 36.7d 39.3a 386b 37.6c 38.2

LSD: Fertilization (0.01) =0,81; Aspect (0.01) #8, Year * Aspect *
Fertilization (0.01)=2,56.

The first study year had higher ADF content thaa th
second study year but had no significant effecte Th
interactions of year by aspect (Figure 6), aspegt b
fertilization (Figure 7) and year by aspect byifedtion had
significant influence (p<0.01) on ADF content ofdge.
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Figure 6. The effects of year by aspect interaction on ADRtent
(a) and TDN (b) with LSD bars (Isd for ADF:1,04; WDO0,81).
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Figure 7. The effects of aspect by fertilization interactmm ADF content of forage with LSD bar (Isd:1,8Ay€rage of two years).

There was a positive relationship between NDF gunte east aspect had lower than that of the other asp&octal
and fertilization. The NDF content was higher irahd N + digestible nutrient, determined in east aspect,ndit differ
P fertilized plots than P and without fertilizerotd in the from south and north aspects (Table 6). Year had no
average of study years. N and N + P fertilizaticad la  significant effect on TDN. Year by aspect (Figuje &pect
significant difference from control plots in thespect of by fertilization (Figure 9) and year by aspect bytifization
NDF content but P fertilization @®) did not show interactions had significant; year by fertilizatidmd no
differences from plots without fertilizer; N, treatment had significant influence on digestible dry matter.
the highest while jP, the lowest NDF content. North aspect S . :
had higher while west lower NDF content _than thbeot ;i?ftgreer% r;g;a; azg;:csttslb(l%l\(le/r;arg;égl?tl\\lﬂ)loo;e;c;gge n
aspects. But the NDF content had no significarfedéfhce
among north, south and east aspects (Table 5). Wahmno
significant effect on NDF content. The interactieffects of
aspect by fertilization (Figure 8) had significanfluence
(p<0.01) on NDF content of forage.

Range Aspects

Fertilization
East
West
South
North
Summit
Means

Table 5. NDF content of range forage in different range
aspects (%) (Average of two years)

NoPo 579 594 591 582 584 5&6
Range Aspects

IS NP, 583 587 59.0 593 592 588
© =
S a@ g % £ E w N1Po 59.1 605 572 588 59.8 5%t
© w = A 2 3 g NP, 578 599 589 581 599 558
= N2Po 5908 615 574 581 600 5%4
NoPo 615 554 599 595 598 5%2 NP, 595 620 582 606 601 6(l
NoP, 602 571 585 620 605 5%6 Means 58.7cd 60.3a 58.3d 58.9c 59.6b 59.2
LSD: Fertilization (0.01)=0,63; Aspect (0.01)=0,5%ear *
N:1Po 61.9 60.2 607 64.8 60.3 616 Aspect * Fertilization (0.01)=1,99.
NP, 607 598 639 613 59.8 6kl DISCUSSION
NP 620 608 608 617 604 6hd Increase in dry matter yield due to N fertilizatibecause
NP, 608 612 640 600 609 6h4 there is a significant correlation between N ferition and
dry matter yield. It was stated in some researétt teld
Means 61.22b 59.1c 61.3a 61.7a 60.3b 60.7 increase could be possible by applying of N intd s@

LSD: Fertilization (0.01)=1,022; Aspect (0.01)=0,93ear *

Aspect * Fertilization (0.01)=3,23 fertilization (Rauzi and Fairbourn 1983; Jacobseal €1996;

Guevara et al. 2000; Andi¢ et. #001). As that there is a
Total digestible nutrient (TDN) increased by fezattion  significant correlation between aspect and soil stuwe
and there were significant difference between lieeti  content, N effectiveness and soil moisture cont@Reid
treatments and aspects. The highest TDN was iR N 1973), the highest dry matter yield was obtainednfmorth
treatment plots, the lowest was in without ferélizplots. aspects. The reason of the lower dry matter detestnin
West aspect had higher TDN than that of the otspeets, \est aspect can most probably related to the higher
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Figure 8. The effects of aspect by fertilization interactmm NDF content of forage with LSD bar (Isd:2,29).
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Figure 9. The effects of aspect by fertilization interactmm TDN of forage with LSD bar (Isd:1,41).

proportion of Astragalus eriocephalus. Because the temperatures; they can produce less leaf mat@&éall ét al.,
proportion of many forage species is decreasedisyplant 2001). Determined higher CP content in north, whichs
species. less in south, might have resulted from the facatth

According to the results of the study, fertilizatinad ~Vegetation of north was greener and had more lethas
positive effects on nitrogen content of forage t®fertilized ~ SOUuth at the same harvest time.

W|th_N, P and N + P had higher N content than thesleout The earlier the plants mature, the higher stem gatam
fertilizer. These results can most probably redutim they have, and stems have higher ADF content thahdf
increas_ing effects of N and P fertilization on ogen (Bla_ck leaves (Ball et al., 2001), and also as foragetglamture,
and Wight 1972; Messman et al. 1991) and crudeeprot the amount of ADF content increases (Linn and Marti
content of forage (Gillen and Berg, 1998). 1999). Because south aspect receives more sun, light
Most rangelands are characterized by low totalemperature is higher and high temperature affptant
precipitation, and temperature can have as mudleinée on maturity. The high ADF content in south aspect dan
annual variation in forage production as does pittion in  related to these conditions. Higher ADF contentnirth
with cool season plants regions (Holechek et 8l042. The aspect is normally expected due to higher graspaption
highest crude protein content was determined ithndhe than east and south aspects. However, higher tetoper
lowest in south aspect. These results can relatedoisture might have more effect than grass proportion on ADF
and temperature difference between aspects, aiceffects content in south aspect. Just as (Ball et al., P8€ited that
on forage quality, as that there is a significaotrelation plant maturity can dramatically affects the digaty of
between aspect and soil moisture content (Reid )197®&rages. The reason why lower ADF content was foimd
because temperature on slopes increases as aspegfes west aspect is related to the higher proportioksdfagalus
from north to east to west to south, with shadiffpot  eriocephalus and the shading effects of these plants on
(Holechek et al., 2004). In summer, plants esplcipbsses, vegetation. Because plants, grown in shade arengresnd
lose quality as the season progresses. Foragdygdedilines they have lower ADF content than more mature plants
with advancing maturity because the proportion edves, depending on the leaf ratio (Linn and Martin 19B8&ll et al.
with higher in quality than stems, in forage deetinas the 2001). There were negative relations between iatibn
plant matures. Likewise, the plants grow at higheand ADF content; also there were significant déferes
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(p<0.01) between treatments (Table 3). The reasorihis According to these results, for rangelands thatsardélar
difference may be attributed to reducing effects ofo our research area, 10 kg N'dartilizer can be recommend
fertilization on ADF and increasing effects on ditjeility = to increase dry matter and forage quality, espgciaiigh
(Ball et al., 2001). digestibility of forage. Application of 100 kg Hais
recommended some researcher, studied in rangetdritie

fertilized with P than that of the N and N+P feztid plots. <9i0" for high forage yield and quality (Alin 23 Gokkuy
o . 1984).

The reason for that there were significant diffessn
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