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Abstract

Oat (Avena sativa L.) traditionally has been a major crop for feed and forage in Turkey. The
objective of this research was to study hay yield and quality of oat genotypes harvested at the
late milk stage. One hundred oat varieties of worldwide origin were compared in field
experiments in Samsun (northern Turkey) over two growing seasons (2007-2008 and 2008-2009).
Significant differences between the tested oat varieties were observed for the plant height, hay
yield, crude protein (CP), acid detergent fibre (ADF), neutral detergent fibre (NDF), total
digestible nutrients (TDN), relative feed value (RFV) and macro minerals (Ca, K, P and Mg).
Plant height varied from 76.2 to 141.2 cm, hay yield from 6.03 to 11.83 t ha™, crude protein
from 58.8 to 136.4 g kg dry matter (DM), acid detergent fibre from 333.2 to 424.8 g kg”' DM
and neutral detergent fibre from 522.5 to 652.4 g kg’ DM. The TDN ranged from 465.1 to
583.3 g kg and relative feed value from 80.9 to 112%. Cluster analysis grouped the 100
genotypes within 7 clusters, each of which having 17, 21, 13, 12, 20, 12 and 5 genotypes. Sisko,
Akiyutaka, Longchamp, Sanova, Flamingslord, Matra and Revisor were identified as the high
hay yield potential genotypes. However, quality traits of these genotypes were lower than some
of other genotypes. Furthermore, while some macro minerals were insufficient, others were in
excess regarding healthy feeding. Hence, some form of commercial mineral supplement would
be required to oat-based ration or oat should be grown in mixtures with legumes for feeding
productive livestock.
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Introduction

In Turkey, quality forage is needed for present livestock because the productivity of
Turkey’s rangeland is very low and other forage production sources are extremely
insufficient. As alternative feed source, uses of small grain cereals forage could be
partly solved for scarcity of available forage (Celik and Bulur, 1996). Cereals (wheat,
barley, oat, rye and triticale) are important forage for livestock feeding. Traditionally,
summer grazing and cereal straw feeding in winter are the major sources of ruminants in
Turkey (Biiyiikburg, 1993). Oats are grown for both grain and forage for livestock
feeding over a long time in many parts of the world (Stevens et al., 2004). In Turkey,
oats are grown as both a sole crop and intercropped with annual forage legume plant
species for forage. Oat forage yield and quality are determined by numerous variable
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factors such as genotype, environment and management practices (Kim et al., 2006).
Grain oat cultivars/ genotypes were used as forage in some investigation (Chapko et al.,
1991). Chapko et al. (1991) indicated that distinctive breeding program for forage quality
cannot be continued and then grain oat genotypes may satisfy forage needs. Most of the
previous studies were showed that late-maturing genotypes had higher forage yield than
early-maturing genotypes (Riveland et al.,, 1977; Chapko et al., 1991; Aydmn et al.,
2010). Chapko et al. (1991), Aydin et al. (2010) indicated a positive association
between forage and plant height, while Riveland et al. (1977) notified that both tall and
short genotypes produced high forage yields. Also, some researcher indicated that no
relationship between forage yield and grain yield (Stuthman and Marten, 1972; Folkins
and Kaufmann, 1974; Chapko et al., 1991). Stuthman and Marten (1972), Chapko et al.
(1991) and Aydin et al. (2010), however, reported a negative association between forage
yield and quality. Stage of maturity at harvest for forage has the greatest effect on
forage yield and quality of cereals (Cherney and Marten, 1982; Bergen et al., 1991;
Juskiw et al., 2000). Bergen et al. (1991) reported that the optimal stage of harvest for
barley and oat to maximize forage yield and quality traits is the soft-dough stage.
Although oat forage yield nearly doubles from the boot to hard dough stage, ADF and
NDF values with maturity increase and forage quality rapidly declines (Mut et al.,
2006). Quality forage must have high intake, digestibility and efficiency of utilization
(Juskiw et al., 2000). ADF (acid detergent fiber) and NDF (neutral detergent fiber) are
good indicators of fiber contents in forages. Acid detergent fiber (ADF), a measure of
the digestible fraction, is an important measure of forage quality. But, the neutral
detergent fiber (NDF) or cell wall content is associated with dry matter intake of the
forage. Protein content is also an essential factor for determining feeding value of
forage. Cereal forages are versatile, economic sources of digestible fiber, protein and
minerals. Forage and animal scientists are also aware of the importance of the
concentrations of Ca, Mg, K, Cu and Zn and the K/(Ca + Mg) ratio in diets for
ruminants (Kidambi et al., 1989).

There is a need for continued effort for recent data (agronomic adaptation, hay yield
and quality) as new crop genotypes become available for forage cropping systems of the
region. Therefore, this research was conducted to investigate hay yield and quality
among different oat genotypes.

Materials and Methods

This study was carried out in experimental field at the Department of Field
Crops, Faculty of Agriculture, Ondokuz Mayis University (41° 21" N, 36° 15" E and
195 m a.s.l.) during the 2007-2009 growing seasons. Some climatic data and soil
characteristics of the experimental area are given in Tables 1 and 2. One-hundred grain
oat genotypes obtained from Europe, North and South America, Asia and Oceania were
used as plant material in this study. The genotypes were tested in incomplete block
design (10x10 alpha lattice) with three replications. Names and origin of the genotypes
are given in Table 3. Each genotype was sown in 4.8 m’* (1.2 by 4.0 m) plots consisting
of six rows with 20 cm row spacing at the beginning of November in 2007 and 2008.
Plots were fertilized with 60 kg ha” N and 60 kg ha” P at sowing. Maturity at harvest
was determined using Zadoks scale (Zadoks et al., 1974). Harvest was done at late milk
stage (Zadoks scale 77).

A sub-sample (800 to 1000 g) was randomly selected from each harvested plot to
estimate hay yield and provide samples for forage quality analysis. The samples were
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weighed and dried for 72 h by forced-air drying oven at 65 °C. The dried samples were
reassembled and ground to pass through a 1 mm screen. Crude protein, acid detergent
fiber (ADF), neutral detergent fiber (NDF) and Ca, K, Mg and P contents of samples
were determined using near infrared reflectance spectroscopy (NIRS) (Poblaciones et al.,
2008). Software options CENTER and SELECT (Win ISI II v.1.5, Foss NIR Systems,
Silver Springs, MD, USA) were used for calibration equation development.

Total digestible nutrients (TDN), dry matter intake (DMI), digestible dry matter
(DDM) and relative feed value (RFV) were estimated according to the following
equations (Lithourgidis et al., 2006).

TDN = (-1.291 X ADF) +101.35,

DMI = 120 / %NDF dry matter basis,

DDM = 88.9 — (0.779 X %ADF dry matter basis),
RFV =%DDM X % DMI X 0.775

All data for two years (2007-08 and 2008-09) were combined because of
homoscedasticity. All data was adjusted by correction factor and analyzed with analysis of
variance (ANOVA) procedures using the MSTAT-C statistical software. The mean
comparison among genotypes was obtained by using the least significant difference
(LSD) test (Steel and Torrie, 1980). The cluster analysis was performed according to Ward
for grouping populations (Johnson, 1998). Data was statistically analyzed by SAS
software.

Table 1. Some climatic values of the study area.

Total monthly rainfall Mean monthly Relative Mean monthly temperature
(mm) humidity (%) °C)

2007-08 200809 0V 500708 2008-09 S0V 2007.08 200809 SO-YRT

average average average
November  96.5 109.5 82.1 67.2 75.6 70.6 112 13.3 11.9
December 69.4 120.7 76.4 69.5 59.8 66.7 8.0 9.0 9.0
January 42.7 86.1 57.2 62.0 59.2 67.9 4.1 8.4 7.0
February 67.9 91.0 52.9 61.5 71.4 70.2 5.8 9.0 6.7
March 36.8 49.0 55.8 67.5 74.8 75.9 11.4 8.4 8.0
April 48.0 21.4 58.4 78.5 79.9 79.5 13.6 9.7 11.2
May 40.7 55.3 51.9 75.6 78.3 80.7 15.0 15.8 15.3
June 35.8 8.2 46.6 74.2 76.0 76.5 20.5 21.9 20.2
Sum/Mean 4378 5412 4813 69.5 71.9 73.5 112 11.9 112

Table 2. Physical and chemical characteristic of the soil at the experimental site (0-20 cm depth)*.

Soil characters 2007-2008 2008-2009
Soil texture Clay Clay
Organic matter (%) 3.15 2.93
Phosphorus content (mg/kg) 75.4 70.6
Potassium content (mg/kg) 343 383
Amount of lime (%) 0.26 (Non-limy) 0.32 (Non-limy)
Salinity (%) 0.7 (Non-salty) 0.8 (Non-salty)
pH 7.00 6.86
Nitrogen content (%) 0.20 0.18
Calcium content (%) 0.68 0.60
Magnesium content (%) 0.11 0.11

* Soil characteristics were determined by the methods of Rowell (1996) and Jones (2001).
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Results and Discussion

The total precipitation was lower than the long-term mean in 2007-08 growing season
(437.8 mm) and higher in 2008-09 growing season (541.2 mm) than the long-term mean
for the region (Table 1). Means of the relative humidity and the temperature in 2007-08
growing season and the long-term average were lower than in 2008-09 growing season
but these values in 2007-08 growing season were similar to the long-term average.

Plant height and hay yield

Analysis of variance combined over two years (Tables 3 and 4) revealed significant
differences among genotypes and between years for plant height and hay yield. Plant
height was highly variable. Plant height in the second year (115.3 cm) was also higher
than that of the first year (95.3 cm). This difference might probably be resulted from the
higher cumulative precipitation and other climatic conditions in the second year (Table
3). The combined data over the two years (Table 3) showed that the plant height for
genotypes ranged from 76.2 cm (obtained by CROA 43) to 141.2 cm (obtained by
Akiyutaka). Akiyutaka, Yesilkoy 330, Cascade, Sisko, Kolpashevskii, Mantaro 15 and
Faikbey cultivars were taller (141.2, 132.8, 127.7, 127.2, 124.7, 123.9 and 123.1 cm,
respectively), while CROA 43, Lang, Winston, Ebe'ne and Brawn cultivars (76.2, 81.3,
82.6, 84.3 and 86.0 cm, respectively) were shorter (Table 4). Differences in plant height
among genotypes are expected due to genetic make-up of the varieties. Plant height was
positively correlated with hay yield (Table 5). But, the higher genotypes were more
susceptible to lodging. The significant effect of genotypes on plant height in present
study is in agreement with previous findings (Chohan et al., 2004; Hussain et al., 2005;
Aydm et al., 2010). Mehra et al. (1971), Dhumale and Mishra (1979) and Gill et al.
(2013) found that hay yield was positively correlated with plant height. However, Dost
et al. (1993) showed that plant height was less important on hay yield.

As sees in Tables 3 and 4, hay yield in the 2008-2009 growing season (second year)
was higher than that of first year. This may result from the fact that the rainfall between
February and May was much higher in the second year compared with the first year.
Moreover, this result could be due primarily to air temperature and other factors.
Similar findings were indicated by Maloney et al. (1999), Contreras-Govea and
Albrecht (2006) and Aydn et al. (2010).

Data on hay yield showed that hay yield varied significantly among the genotypes
(Table 3). The on average highest yielding cultivars were Sisko, Akiyutaka,
Longchamp, Sanova, Flimingslord, Matra and Revisor (11.83, 11.77, 11.60, 11.53,
11.53, 11.52 and 11.50 t ha™, respectively). The lowest hay yields were observed for the
cultivars Lang (6.03 t ha™), Litoral (6.10 t ha™) and TA91400-2-3 (6.37 t ha™) (Table 4).
The highest hay yielding genotypes generally were European genotypes. The variation
in hay yield of genotypes may be attributed to genetic characteristics and adaptability of
these varieties to different environmental conditions. The significant variations among
oat genotypes for hay yield have already been reported in studies conducted by
Anderson and Kaufman (1963), Stuthman and Marten (1972), Chapko et al. (1991),
Kim et al. (2006), Aydn et al. (2010) and Gill et al. (2013). Hussain et al. (2005)
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also reported that fresh forage yield differed due to differences in leaves per tiller and
plant height. The variation in hay yield of genotypes may be attributed to genetic
characteristics and adaptability of these genotypes to different environmental

conditions.
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Figure 1. Dendrogram of cluster analysis based on eleven studied variables for oats genotypes.

.

Cluster I

Cluster I

y
3

Cluster III

Cluster IV

Cluster V

Cluster VI

Cluster VII

3y
o+
=

T
5

10

15
Distance

20

30



513

Z. Mut et al. / International Journal of Plant Production (2015) 9(4): 507-522

$6°0 01°¢ €791 00y 998 6 9919 8 €0 €LL Stol 9°801 sn sdeyd
SI'l 80°¢ ¥9°'81 0S'S $'T6 0TS $'L09 T'59¢ 698 L¥01 $'86 as elreq
vL0 e 181 €0t S'16 8615 8009 v'78¢ 9'8L S50l 8501 sn 99vX
L6°0 9T €r'91 LL'Y 186 $'8TS €596 L'SLE T L9°01 YTl sn [1-LTTE6VI
€Il LT LTP1 9%’y L'98 v'861 0029 0°66€ 019 89°01 L'S01 SN UONIN
0T'1 08T 6061 IL's v'68 T96% 0°009 L00Y 9'¢6 0L°01 966 q4d v
660 43 TSl LL'Y L'96 8'7TS 0°0LS 08¢ 8'GL TL01 1€zl aL Kaqreq
860 (453 LT61 Ity €56 9°67S $'08¢ 6°LLE S'8L L8°01 I'€ll vn 4 LT 1ysaoSruioy)
8T'1 4N 16°S1 89°S 0°CTIT £€8¢ $'TTs Tege L'T8 T6°01 816 a4 BISOAY
€01 8T'¢ vi81 6L 06 L10S €866 v'96¢ L'6L v6°01 S'L6 SN 9130
60°T LTE 1€°91 9T’y 9801 9'8LS 99¢¢ 6'9¢€ T66 $6°01 €511 VO 68T 10
€L'0 0T 95°0T 99°¢ €88 6'661 0019 8'L6€ 069 L601 %20 \%8) 987 10
950 6v'¢ S0°61 L9T $'98 L'g6t ¥'819 920t 9'8L LOTT 601 RE| Aqmuey)
ve'l 18°C 9€'TT €99 €€ €ELy L'829 v'8It 878 0111 6°€l1 1d g
Sl e I¥'1C €9°¢ €16 I'LIS €009 S'y8¢ 0001 TrII 978 aa uojsuI
STl €6'C L091 609 $'€6 1916 $'68¢ £'68¢ €'8L LT'TT 8YI1 sn [EIUUDIUR))
€L'T €T TE81 LEL L'T8 1'S9% 81,79 8Ty 6°SL STII $'66 v o[[eae)
L9°0 9T'¢ 8L1T €5°S €76 6'81S €566 €8¢ €68 LTT1 9111 VO V 21qIe)
6L°0 €TE 9¢'91 LT'E L'L6 L'Eps S9LS 6°€9¢€ 9'88 8T 11 1201 v punwpy
LO'T 98'C 161 8Lt 1'26 L'61S 9965 $'T8¢ €79 €11 6121 70 opIy
00°T 1T¢ Y61 SLy 868 6'4CS ¥'S19 S'8LE LS8 eIl €01 LV $0s9Jg
SI'l e 0’81 9I'y 966 6'€€S €8¢ SILE 8'88 oF'11 v 101 qd [many
201 €s¢ 68'1C 10°S v'88 108 0019 896¢ S'L8 0511 6011 q4d Jlos1Aoy
AN 90°¢ $6°91 98 I'L6 1158 S'¥8¢ T'8s¢ 91L 448! 0'v6 N enRN
660 €v'e ¥0°0T wy 168 6'v6Y 0°109 L10Y TS6 €511 6801 q4d piojs3urwgy
20°1 85T SLLI 6v'9 $'06 €L0S 0009 1'26€ 69L €511 9°601 q4a eAOUES
88°0 e vL'TT 18°S L'88 9°¢6t £€09 L'T0¥ ¥'6 09°11 1601 ad dureyo3uor]
09°0 X3 00'1¢C 65t 068 81I¢ 9719 988¢ vSL LL'TT Tl df eyeInkny
Tl 8T STLI s 0'88 0°L6Y 0019 100t 0°LL €811 TLTL 14 oysi§
(BI9)SN  (3I9)d (B9 (B49ed (WA (PHNAL (B9 JAN (349 Jdav  (5458)dD (YN AH (W) Hd xuIsLIQ adKousn

‘S[eJouIw o1o0eW pue syen Ajjenb ‘praik Aey Sy jueld 1oy sodA10uo3 j80 () JO SON[BA 9FRIOAR JBIK-0M], "t 9[qBL



Z. Mut et al. / International Journal of Plant Production (2015) 9(4): 507-522

514

960 S0'¢ 6561 96’y $t6 €9¢¢ 9'16$ 9'69¢ 9'5L 68 1'901 as suoq
b9l LEE 8581 99°L 6'S6 191§ 6°0LS £68¢ 8'1TI 006 Sl 1 ey
STl 10°€ 1761 06°S 0'L8 6'L0S €429 9'16¢ 0't8 v1'6 9701 NH uoj],
09°0 or'e Te61 1Ls 98 6'L9¥Y 7'0€9 97Ty L'IL S1'6 166 s epuifog
$6'0 0€'€e ST 8¢y 9'88 '20$ 0019 6'S6€ TLL €26 L'601 NH o3ue[iid O
60 00¢ LL61 81t 8'98 0'90$ 1'429 1'€6€ €9 0€'6 7’601 nd unyeys
€'l LS€ L0°ST w 06 €4S 7009 6'8LE 0L6 Lt'6 L2701 VO 1ory
€e' 8€'€ 10T L6t €L6 9'S¥S 6°6LS b'79¢ T8 056 SHll el oy
90°1 e 70T 89't L'68 1'92$ I'L19 SLLE T8L 096 6001 nd so[nyIon
Tl 0€'e 60°CT s 016 $pes 6'T19 0'1LE 9701 $9'6 0'901 aa yoads3urwgy g
90°1 6€€ Te91 8¢S 868 $TIs $L09 1'88¢ 1811 €L'6 €611 1 nuynd
10T LT 1891 €L L'88 SH0S 1019 €16€ €18 SL'6 8°€01 s elor]
$8°0 91'€ Wi 9¢y 668 $ITs 8719 1'18¢ 9'6L 18'6 9611 vn ede)
S0 €re 8T'8I IS I'v6 1'0€S '06S pyLE L'06 86 $'66 A snipey
St Ly'T v8P1 L9 9's8 €167 €29 SHoY 1'99 266 8TEL AL 0€€ AOAIISIX
LLO w0e 6TL1 65°€ 8'L8 z'10$ 019 8'96¢ 069 $6'6 €611 UL UNSWES-eA®y]
€60 e 01T 9y L'88 L'S0S 6019 €€6¢ 6°0L L6'6 0zl ny €1 ys€ug
160 9¢'¢ 1502 06 76 9'60$ 6'68S €06€ 8'€6 00701 €18 R au,0qg
160 v0'€ St8l iy 798 r'e6y $029 6707 8'99 v0°01 goct sn vuplQ
18°0 e Lt'81 see 1'06 T'LOS €709 TT68 $'68 $0°01 06 40 03wy
€T 0S¢ LE0T L9 26 L'YES 8'€09 6°0LE P9€l 8101 0011 d eyfeg
01’1 1e'e 8S°1T 95°¢ 96 87T €565 1'08¢ T'€6 0T01 9901 vn 1TE1 PisAoyIujouls
8L 18°C €581 6L $t6 TANIS 9'9LS 6'88¢ €56 vT ol (47 ZN €7 VOID
080 68'C Sh8l Sy '8 €L8Y 679 9'LOY $79 LTO01 201 Al BIEN
$6°0 €re 6561 sy 0'L8 1'68 1'C19 90 (433 0€01 9'L01 v zupidjopy
91 €8T 661 99'9 9'68 6y L'96$ 0'c0y TL8 0£01 888 ZN 11 VO¥D
65°1 vL'T 9T'L1 959 668 $'10$ 0°009 9'96¢ L'8L 0€01 €66 sn wnygnyg
6°0 e e 86°S 988 €TIs 7'S19 7'88¢ 0'L8 0£01 501 sn azelg
960 LTe 9181 90°S T16 8008 0'16S I'L6€ 0°€01 vy ol L'LOT ¥H eluereg
(BI9)IN (B (DA (ZHed (WA (HBHONaAL (BDJaN (SDdav (84840 (YN AH (WO)HJ <UL 2dKjouan
‘} 9[qeL 2nuIuo)



515

Z. Mut et al. / International Journal of Plant Production (2015) 9(4): 507-522

601 ore 01°0T €Ls €98 0'61S T9¢9 0°€8¢ €601 L LyTl nd 1rysaoysedjoy
98°0 0€'€c 08°61 LEY 0'T6 961 T'L6S 9'78¢ 6'88 08'L 8'68 ZN 09 VOO
el 95°¢ TT0T 059 0’16 Sees 8TI19 8'1LE €zel €8'L 001 IS us[0AZ
96'1 €r'C Teel §T'8 7’88 '60S €919 $06€ €€ 8L 1011 VO 1okog DAD
L0’ 95°¢ 91'61 69°S TY6 8'6IS 118 s8¢ 02T S8'L eIl sn Ied
€L°0 00°¢ 0L'81 LEY 0'$6 T0Ts 6'8LS '8¢ SIL 06'L L'LTl sn apeose)
86°0 60°¢ 10°S1 9°¢ Tl6 011 $'L6S T68¢ 6'99 00’8 TorL 70 AHO
66'0 LTE 80°81 19 $'86 9¥rs 0'TLS Te9¢ 908 10°8 L'S01 VO oy OV
SLO 91°¢ 7861 SIS $'06 0°L0S T°66S €76€ $'t8 80'8 0'98 sn umerg
50T €T 8Ll 858 s L8y 0'CC9 S'LOY 9°801 01’8 $'€6 v oereyqd
81l LS€ vILL 61y L'68 '€l 8'809 9°L8¢ Tell 18 €56 N opnosg
11 0€'€ LLOT €8y 6'€01 I'1LS 8'96S LThE 0'68 0T'8 8'801 AL L Ele)
86'0 16'C 20°81 66'S €96 Y49 vrLS 0'8LE 08 LT 8'L0T VO g 21q1[eD
AN LEE 65°1C 9°¢ 916 9'LIS 9'865 1'v8¢€ 9401 se'8 $'S01 70 ueeN
LET K3 00'1C 61'9 '68 $P0S 0'509 £16€ L'88 St'8 $'601 11 URqsI'T
9T’ 66'C 91'81 60'9 768 9°€ls L'TI9 TL8¢ €€ 6+'8 6'66 NH elfeduoyeq
LT1 L9°€ §ST 6L'S 0'L8 $'80¢ v'¥C9 T16¢€ I'p11 158 L'88 qd snjdsSururg| g
Tl 6LC TLst 0L'9 6'98 6’118 v'LT9 $'88¢ v'L8 568 L'801 VO Ksupoy
9%l 9913 6Ll 859 6’16 0°LES '809 1'69¢ 9pEl 79'8 6611 <o) u|31qy
060 Sr'e 0T or'y €16 L'€TS 58S v'6LE 201 <98 6'601 qa sn|1
L80 LTE 88°L1 81y 9'001 8'895 8'€LS Shre 6 L9'8 1'96 aa oquing
€Tl €r'e 81°61 90°L 8'06 1'zes €€r9 6'TLE 1’1zt 0L'8 6'€Cl ad §1 orejuBN
780 86'C 9¢'91 89'% €78 €'L8Y 9'5+9 9'LOY €79 SL'8 S'€01 aa wR)SsTuIwg] |
89°0 Iv'e 65'+C €6’y $'06 9'v6 0'26S 6'10% 876 08'8 $'901 1 BULIA
9¢'1 see 10T 8’9 6'S6 0'8€S 6'€8S £'89¢ L'T01 ¥8'8 801 aa zm]
70’1 $6'C 06'81 05°S €68 7508 1'909 L'€6€ $z8 8’8 9%01 aa seoere)
Pl L0€ 0r'91 STY €6 8'€TS TT6$ €6LE €78 68'8 '96 sn popuID
10’1 8T'€ €L°0T 86'S 6'€6 9°Tes 0°€6$ STLE $6 06'8 v'L8 as ensng
10°1 93 88°61 88'¢ 8'€01 8'59S v'rSs 8'9b¢ 6Tl 76’8 68 c(el BAOUSSUIWE]]
(BI9)SN (B9 d (A (B48ed (WAL (BFHNAL ((BI9JaN (848 dav (849 dd (EYYAH (wo)Hd xUI8LIO 2dKiousn
' 9[qe], dNunuo)



Z. Mut et al. / International Journal of Plant Production (2015) 9(4): 507-522

516

‘wnisauSe SN ‘Joydsoyd :d ‘wnisseod :f

"UOIIBLIBA JO JUQIOLJO0D ‘AD

"50"0>d Y& SOURIIJIP JUEdYIUSIS IsE9[ *00(S]

"50°0>d Y€ JueoyIuSIS Jou ‘SN

"K19A1303dSa1 ‘10" 0>d PUB G0'0>d J© JUBOYIUTIS ‘44 PUB 4
‘wniofe)) 8D ‘On[eA pasy dANRINY ALY WueLnnu 9[qusadIp 8101

INAL “19q1 Jud31319p POy AV “1oqy Juadiiap [einaN AAN ‘wioxd apni) :dD ‘PIIL Aey : AH WSS9y jueld :Hd ‘SOpOd AUnod 991¢ OSI Y} Aq paieIAdiqqe uISiio Jo Anunoy) &y

9'¢ 9 s vy (N4 I's 9°¢ Ly 8L 1! LA % AD
[4N! yl'e (AN 0€'s 6'06 1489 €709 9'98¢ 9'88 8¢°6 9601 ueaul [[BIAQ
SN SN SN SN * *k *k P o *ok *% 20ouEdYIUSIS
€0 L0 1'c €0 (Y A 011 49 €0 0 9Y 00 asT
SI'1 ere €9°81 yT$ €'L8 6667 0919 8'L6E [472] w66 €CI1 6002-800C
60'1 9l 961 9¢'¢ 96 6'8C¢S L'88S P'SLE 1°¢6 ¥8'8 6°S6 800C-L00T
Jea X

*% *% *% *% *% *% *k *% *% *k *% QdueolIUSIS
(4 7’0 ¥'C 80 1’9 TIET 1'6¢ 00T 0T'1 60 96 00asT
6L°0 10°¢ 88°LI yl'e 608 L'08% ¥'Cs9 LTy 9'6S €0'9 €18 Ne Sue
8T'1 ¥6'C 69°81 9 TS6 8'6¢€S 0685 6'99¢ '8 019 8911 od [e1031]
S6°0 68°C 0€0T 69°¢ L'T8 6'C8Y 7'6€9 011y 8'8¢ LE9 ol Ne €-C-00¥16VI
SL'1 LT LS91 ST'L S8 ¥'98% S'€C9 €807 1'86 LY9 I'L6 L1 S31qepIS
9T'1 ss'e L9'1T LT9 ¥'T6 T1es 6565 €'18¢ Socl 059 ¥'16 NA zefed
vL'1 6T €61 19°L 1'L8 TL8Y 7019 L'LOY 8101 SS9 916 4 adooy
9’1 9T’¢ 6¢6l1 I3 6’16 6°ChS Te6s Sv9¢ Sy01 L6'9 €61l € sley
19°1 I'C ¥8°¢l SL'L 126 1489 Te6s L'98¢ L08 SO°L €811 g4 IMIA
001 LT¢ £7°0C 88 I'v8 S18% €879 I'cly 06L 80°L S 101 VO 139ed DAD
LLO c9'¢ 69°61 61°¢ €98 1'08% 8019 cely 796 SI'L 8'¢6 LV snwsery
9¢'1 S6'C 176l LL9 9'C8 128 (402 91y 001 0r'L L8 Ad Soog
80 yse §9°¢€C LE'S 798 0°ces 0°8€9 L'08¢ L0Tl V'L €86 1d Jeimolog
90°1 (43 S6°€C €6’y L'T6 £0¢s 1°€6¢ 0°Z8¢ €96 0S°L L0l as elod
(DN (DI (FDHA (HBhed (WA (BHNaAL (BB JIaN (BB Jav (B840 (EUYAH (W)HJ »UI8LIQ adKjouon
“§ 9[qBL 2NUNU0))



Z. Mut et al. / International Journal of Plant Production (2015) 9(4): 507-522 517

Hay quality

Significant differences were found amongst years and the genotypes regarding crude
protein, ADF and NDF, TDN and RFV (Table 3). Crude protein content of forage is one
of the most important criteria for hay quality evaluation (Caballero et al., 1995; Assefa
and Ledin, 2001). Crude protein content in the first year (89.9 g kg™) had higher than
the second year (87.4 g kg™). Among genotypes, the crude protein ranged from 58.8 to
136.4 g kg'. Bajka (136.4 g kg™), Aberglen (134.6 g kg™), Zvolen (132.3 g kg™), Katri
(121.8 g kg), Mantaro 15 (121.1 g kg™), Borowiak (120.7 g kg™), Pajaz (120.5 g kg™),
Pal (120.1 g kg) and Puhti (118.1 g kg) had significantly higher crude protein content
than in the other genotypes in this study (Table 4). The lowest CP content was obtained
from genotypes 1A91400-2-3, Lang, 1A93227-1, Flamingsstern, Mara, Skakun, Milton
and Ardo (Table 4). Some researchers pointed out that crude protein content of hay
changed among oat genotypes significantly (Ericson et al., 1977; Contreras-Govea and
Albrecht, 2006; Kim et al., 2006; Aydn et al., 2010; Gill et al., 2013).

Considering the crude protein contents of oat genotypes in this study (58.8-136.4
g kg), in all genotypes except nine genotypes (IA91400-2-3, Lang, 1A93227-1,
Flamingsstern, Mara, Skakun, Milton, Ardo, Yesilk0y-330, Otana, Orlik, Kavak-
Samsun and OT 286, whole forage was higher than the critical level (70 g kg™) required
for optimal rumen function and feed intake in ruminants (Van Soest, 1982). Further, in
the present study, none of the high hay yielding genotypes had adequate amount of
crude protein needed by cows in the late pregnancy and lactating stages as well as by
growing heifers (NRC, 2001), Similarly, only genotypes Longchamp (95.4 g kg™),
Flamingslord (95.2 g kg'), Winston (100.0 g kg™) and OT 289 (99.2 g kg) had
sufficient amount of crude protein needed (90 g kg') by the medium frame heifers
(NRC, 2001).

Other important quality characteristics for forages are the concentrations of ADF and
NDF (Caballero et al., 1995; Assefa and Ledin, 2001). The hay fiber content, ADF and
NDF, is a strong predictor of forage quality, since it is the poorly-digested portion in the
cell wall. In this study, the values for ADF and NDF in first year were lower than those
in second year (Tables 3 and 4). The ADF and NDF showed significant genotypes
effects (Table 3). The ADF and NDF contents of the genotypes ranged from 333.2 to
424.8 and 522.5 to 652.4 g kg'], respectively. Cavallo, Belinda, Dukat, Erasmus, Lang,
CDC Packer, Boog, 1A91400-2-3, Sidabres, Roope, Mara, Flimingsstern, Pharao,
Edelprinz ana Yesilkdy 330 had significantly higher ADF than other genotypes.
Similarly, Lang, Flimingsstern, Mara, Boog, 1A91400-2-3, Borowiak, Kolpashevskii,
Belinda, Dukat, CDC Packer, Cavallo, Rodney, Flamingsplus, Triton, Skakun, Sidabres
and Yesilkdy 330 had significantly higher NDF than other genotypes. For both ADF
and NDF contents, Avesta, OT 289 and Flamingsnova consistently had the least values.
Six ADF and NDF based forage quality standards (prime, 1 (premium), 2 (good), 3
(fair), 4 (poor) and 5 (reject)) have been described for beef cattle (Kononoft, 2005).
None of the 100 genotypes qualified for the prime standard (<30% ADF and <40%
NDF). Five genotypes (Avesta, OT 289, Chekota, Jumbo and Flimingsnova) met the ADF
standart 1 criteria (310-350 g kg ADF). Genotypes Avesta and OT 289 met the NDF
standard 2 criteria (470-530 g kg™ NDF). In this study, for ADF, seven genotypes with
the highest hay yield (Sisko, Akiyutaka, Longchamp, Sanova, Flimingslord, Matra and
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Revisor) were within standard 2 of forage quality (360-400 g kg ADF). But, for NDF,
only five genotypes with the highest hay yield (Longchamp, Sanova, Flamingslord and
Matra) met the NDF standard 3 criteria (540-600 g kg NDF).

The TDN refers to the nutrients that are available for livestock and are related to the
ADF concentration of the forage. As ADF increases there is a decline in TDN which
means that animals are not able to utilize the nutrients that are present in the forage.
TDN value was higher in first year than in second year (528.9 and 499.9 g kg DM,
respectively) (Table 4).

The TDN value of the genotypes ranged from 465.1 to 583.3 g kg”'. Genotypes
Avesta, OT 289, Chekota, Jumbo, Flamingsnova, Matra, Alo, AC Belmont, Edmund,
Aarre and Barra had the highest values for TDN. Kim et al. (2006), Aydmn et al. (2010)
and Gill et al. (2013) showed that TDN value has significant differences among oat
varieties.

The hay RFV was different between genotypes (Table 4). The Avesta had greater
RFV than other genotypes. Avesta, OT 289, Chekota, Flimingsnova and Jumbo had
>100% RFV. The RFV value was higher in the first growing season than in the second
growing season (97.6 and 87.3% DM, respectively). The RFV combines estimated ADF
and NDF into a single index. The RFV is an index that is used to predict the intake and
energy value of the forages and it is derived from the DDM and Dry matter intake
(DMI). Forages with an RFV value over 151, between 150 to 125, 124-103, 102-87,
86-75 and fewer than 75 are considered as prime, premium, good, fair, poor and reject,
respectively (Horrocks and Vallentine, 1999). When considering the group of the top 12
genotypes for hay yield, these genotypes qualified for the fair standard (102-87% RFV).
The RFV value was calculated from ADF and NDF, the observed differences were
reflective of previously described ADF and NDF differences. Thus, a more
comprehensive assessment on forage quality should be done for the different oat
varieties in the different regions and at different seasons. This conclusion is consistent
with the findings of Kim et al. (2006) and Aydm et al. (2010).

The hay Ca, K, P and Mg were significantly affected by genotypes. Ca contents
of the genotypes varied from 3.12 (Chantilly) g kg to 8.58 (Pharo) g kg’ DM. Tajeda
et al. (1985) reported that forage crops should contain at least 3.0 g kg of Ca for
ruminants. The American National Research Council (NRC, 2001) recommended that
forage crops should contain 3.1 g kg” Ca concentration for beef cattle. Results obtained
for Ca concentration in this study were more than these recommended values.

In present study, K contents of the genotypes varied from 13.32 (CDC Boyer) to
25.07 (Riel) g kg DM. Differences in K contents of years were not significant. This
conclusion is consistent with the findings of Mut et al. (2006), who studied yield and
quality of triticale, barley, rye and barley varieties and Aydin et al. (2010), who studied
yield and quality of oat genotypes. These results were higher than suggested values of 8.0
g kg by Tajeda et al. (1985). But, high K concentration may cause Mg deficiency
(Lareda et al., 1983).

P contents of the genotypes changed between 2.33 (Cavallo) to 3.67 (Flamingsplus)
g kg' DM (Table 4). P concentrations of 1.6-2.6 g kg' for forage crops are
recommended for ruminants (NRC, 2001). Results obtained for P concentration in this
study were adequate for ruminants.

Mg concentration in the all genotypes was between 0.60 and 2.05 g kg™ (Table 4).
Mg concentrations for forage crops are recommended as 2.0 g kg” for ruminants by
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Tajeda et al. (1985) and 1 g kg™ for beef cattle and 2 g kg for lactating cow by the
NRC (2001). Grass tetany or hypomagnesemic tetany in cattle is caused by an
imbalance of K, Ca and Mg in the diet. Mineral imbalances, deficiencies or excess and
low bio-availability of essential minerals result in negative economic impacts when
animal performance and health are compromised (Van Soest, 1983). Magnesium
deficiency may lead to a reduction in weight gain, milk production and conception rate
(Stuedemann et al., 1983).

Osman and Nersoyan (1986) pointed out that monocultures of common vetch or
cereals do not provide satisfactory results for forage production. Similarly, Lithourgidis
et al. (2006) indicated that forage quality of cereal hay is usually lower than that
required to meet satisfactory production levels for many categories of livestock. On the
other hand, Lawes and Jones (1971) showed that small grain cereals provide high yields
in terms of dry weight.

Cluster analysis

Clustering of genotypes based on studied traits is presented in Figure 1. Cluster
groups are formed independently of the origin of the genotype. Cluster analysis grouped
100 oats genotypes into 7 clusters as shown in Figure 1. Cluster 1 consisted of 17
genotypes. This cluster was found to have a characteristic feature of high hay yielding
and high plant height but low level of protein. Cluster 2 had twenty-one genotypes with
a characteristic feature of high hay yielding, high crude protein and moderately or low
plant height. Cluster 3 had thirteen genotypes with high level of ADF and NDF, low
crude protein content, TDN and RFV values. Cluster 4 had twelve genotypes and this
cluster could be characterized by having moderately high values of ADF, NDF, TDN,
RFV and plant height. Twenty genotypes constitute cluster 5 and this cluster had a
characteristics of moderately protein content, TDN, RFV and P values. Cluster 7 had
five genotypes. This cluster is mainly characterized by having high values of TDN and
RFV and low values of ADF and NDF. These results could be beneficial in choosing
suitable genotypes to be intercrossed for developing optimized cultivars.

Trait correlations

Trait correlations are shown is Table 5. The significant positive association found
between plant height and hay yields could deduce that plant height might be an
important agronomic character in breeding and selection for forage oat genotypes. This
also points out the importance of plant size in predicting hay yield under the given
environmental and management conditions. Plant height and hay yield were negatively
correlated with crude protein content (Table 5). Gill et al. (2013) indicated that the
negative correlations of crude protein to plant height and hay yield may have been due
to a dilution effect on the crude protein contents. Hay yield was negatively correlated
with Ca content. While Crude protein was negatively correlated with ADF and NDF, it
was positively correlated with TDN, RFV, Ca, K, P and Mg. Calcium content was
negatively correlated with P. Potassium was positively correlated with P.



520 Z. Mut et al. / International Journal of Plant Production (2015) 9(4): 507-522

Table 5. Pearson correlation coefficients for trait means of 100 oat genotypes tested in two field
experiments.

HY CP ADF  NDF TDN  RFV CA K P MG
PH 027" -021"  -0.02 -0.03  0.02 0.02 -001 -0.14 -008  -0.16
HY -0.267  -0.01  -0.06  0.01 0.05 -0.19° -0.063 -0.034 -0.17
CP -0.28"  -0.177 028" 020" 036" 0317 0537 030"
ADF 0.907 -1.007" -0.95" 0.18 0.02 -045"  0.09
NDF -0.907  -0.997 0.177  0.19° -035"  0.06
TDN 0.957 -0.18 -0.02 0457  -0.10
REV -0.18°  -0.14 0377  -0.07
CA -0.10 -046" 0.797
K 0.557  -0.24"
P -0.46"
iFor abbreviations see Table 3.
" P<0.05
P<0.01
Conclusions

Significant differences between the tested oat genotypes were noticed for the
following traits: plant height, hay yield, crude protein, acid detergent
fiber (ADF), neutral detergent fiber (NDF), Total digestible nutrients (TDN), relative
feed value (RFV) and some mineral contents (Ca, K, P and Mg). Generally, the highest
yielding genotypes were European origin in this study. Sisko, Akiyutaka, Longchamp,
Sanova, Flamingslord, Matra and Revisor were identified as the high hay yield potential
genotypes, however, it was not to case for quality traits. Consequently, some form of
commercial mineral supplement would be required to oat-based forage production
systems or oat should be grown in mixtures with legumes to fulfill livestock needs in
effective feeding.

On the other hand, to meet animal needs in oat-based forage systems, crossing high
yielding genotypes with genotypes having high quality should be proposed for future
breeding programs.

References

Anderson, L.J., Kaufmann, M.L., 1963. A study of oat varieties for use as ensilage. Can. J. Plant Sci.
43, 157-160.

Assefa, G., Ledin, 1., 2001. Effect of variety, soil type and fertilizer on the establishment, growth, forage
yield, quality and voluntary intake by cattle of oats and vetches cultivated in pure stands and mixtures.
Anim. Feed Sci. Technol. 92, 95-111.

Aydin, N., Mut, Z., Mut, H., Ayan, 1., 2010. Effect of autumn and spring sowing dates on hay yield and
quality of oat (Avena sativa L.) genotypes. J. Anim. Vet. Adv. 9 (10), 1539-1545.

Bergen, W.G., Byrem, T.M., Grant, A.L., 1991. Ensiling characteristics of whole-crop small grains
harvested at milk and dough stages. J. Anim. Sci. 69, 1766-1774.

Biiyiikburg, U., 1993. Effect of fertilizers and resting on the overgrazed semi-arid ranges of Central
Anatolia. XVII. Int. Grassl. Cong. New Zealand-Australia, pp. 62-64.

Caballero, R., Goicoechea, E.L., Hernaiz, P.J., 1995. Forage yields and quality of common vetch and oat
sown at varying seeding ratios and seeding rates of common vetch. Field Crops Res. 41, 135-140.
Celik, N., Bulur, V., 1996. The Use of Cereals as Forage and Their Potentials in Future. Proceedings of
the 3rd National Pasture-Meadow and Forage Crops Congress, June 17-19, 1996, Erzurum, Turkey,

pp. 513-519.



Z. Mut et al. / International Journal of Plant Production (2015) 9(4): 507-522 521

Chapko, L.B., Brinkman, M.A., Albrecht, K.A., 1991. Genetic variation for forage yield and quality
among grain oat genotypes harvested at early heading. Crop Sci. 31, 874-878.

Cherney, C.H., Marten, G.C., 1982. Small grain crop forage potential: I. Biological and chemical
determinants of quality and yield. Crop Sci. 22, 227-231.

Chohan, M.S.M., Naeem, M., Khan, A.H, Kainth, R., Sarwar, M., 2004. Forage yield performance of
different varieties of oat. Int. J. Agric. Biol. 6, 751-752.

Contreras-Govea, F.E., Albrecht, K.A., 2006. Forage production and nutritive value of oat in autumn and
early summer. Crop Sci. 46, 2382-2386.

Dhumale, D.N., Mishra, S.N., 1979. Character association between forage yield and its components in
oats. Indian J. Agric. Sci. 49 (12), 918-924.

Dost, M., Hussain, A., Khan, S., Bhatti, M.B., 1993. Genotype X environment interaction in oats and
their implications on forage oat breeding programmes in Pakistan. Pak. J. Sci. Ind. Res. 36, 9.

Ericson, D.O., Riveland, N.R., French, E.W., 1977. The nutritional value of oat hay harvested at several
stages of maturity. North Dakota Farm Research, 35 (2), 13-16.

Folkins, L.P., Kaufmann, M.L., 1974. Yield and morphological studies with oats for forage and grain
production. Can. J. Plant Sci. 54, 617-620.

Gill, K.S., Omokanye, A.T., Pettyjohn, J.P., Elsen, M., 2013. Agronomic performance and beef cattle
nutrition suitability of forage oat varieties grown in the Peace Region of Alberta, Canada. J. Agric.
Sci. 5 (7), 128-145.

Horrocks, R.D., Vallentine, J.F., 1999. Harvested Forages. Academic Press, London, UK.

Hussain, A., Khan, S., Bashir, M., Hassan, Z., 2005. Influence of environment on yield related traits of
exotic oats cultivars. Sarhad J. Agric. 21, 209-213.

Johnson, D.E., 1998. Applied Multivariate Methods for Data Analysis. Pacific Grove, CA: Duxbury
Press, 567p.

Jones, J.R., 2001. Laboratory Guide for Conducting Soil Tests and Plant Analysis. CRC Press, London.

Juskiw, P.E., Helms, J.H., Salmon, D.F., 2000. Competitive ability in mixtures of small grain cereals.
Crop Sci. 40, 159-164.

Kidambi, S.P., Matches, A.G., Griggs, T.C., 1989. Variability for Ca, Mg, K, Cu, Zn and K/(Cat+Mg)
ratio among 3 wheatgrass and sainfoin in the Southern high plains. J. Range Manage. 2, 312-316.
Kim, J.D., Kim, S.G., Abuel, S.J., Kwon, C.H., Shin, C.N., Ko, K.H., Park, B.G., 2006. Effect
of location, season and variety on yield and quality of forage oat. Asian-Aust. J. Anim. Sci.

19 (7), 970-977.

Kononoff, P.J., 2005. Understanding effective fiber in rations for dairy cattle. Dairy Feeding and
Nutrition, Nebraska University.G 1587. UNL Extension publications.

Lareda, C.M.A., Ardilla, G.A., Alveraz, V.J., 1983. Variation in mineral concentrations in grasses in the
cattle farming area of the Caribbean. Revista Instituto Colombiano Agropecuario, 18, 105-113.

Lawes, D.A., Jones, D.I.H., 1971. Yield, nutritive value and ensiling characteristics of whole-crop spring
cereals. J. Agric. Sci. 76, 479-485.

Lithourgidis, A.S., Vasilakoglou, I.B., Dhima, K.V., Dordas, C.A., Yiakoulaki, M.D., 2006. Forage yield
and quality of common vetch mixtures with oat and triticale in two seeding ratios. Field Crops Res.
99, 106-113.

Maloney, T.S., Oplinger, E.S., Albrecht, K.A., 1999. Small grains for fall and spring forage. J. Prod.
Agric. 12, 488-494.

Mehra, K.L., Sreenath, P.R., Magoon, M.L., Katiyar, D.S., 1971. Factor analysis of fodder yield
components in oats. Euphytica. 20, 597-601.

Mut, Z., Ayan, 1., Mut, H., 2006. Evaluation of forage yield and quality at two phenological stages of
triticale genotypes and other cereals grown under rainfed conditions. Bangladesh J. Bot. 35 (1), 45-53.

NRC (National Research Council), 2001. Nutrient Requirements of Beef Cattle. National Research
Council, 7" Rev. Edn. National Academy Press, NAS-NRC, Washington, DC, USA.

Osman, A.E., Nersoyan, N., 1986. Effect of the proportion of species on the yield and quality of forage
mixtures and on the yield of barley in the following year. Exp. Agric. 22, 345-351.

Poblaciones, M.J., Rodrigo, S., Simoes, N., Tavares-de-Sousa M.M., Bagulho, A., Olea, L., 2008.
Instantaneous determination of chemical composition of Festuca sp. and Dactylis sp. at two different
cut times using near infrared spectroscopy (NIRS). Options Mediterraneennes, Series A. 79, 227-230.

Riveland, N.R., Erickson, D.O., French, E.W., 1977. An evaluation of oat varieties for forage. N.D.
Farm Res. 35 (1), 19-22.

Rowell, D.R., 1996. Soil Science: Methods and Applications. Longman, pp. 86, Harlow.



522 Z. Mut et al. / International Journal of Plant Production (2015) 9(4): 507-522

Steel, R.G.D., Torrie, J.H., 1980. Principles and procedures of statistic. A biometric approach.
Mc Graw-Hill, New York. NY.

Stevens, E.J., Armstrong, K.W., Bezar, H.J., Griffin, W.B., Hampton, J.G., 2004. Fodder oats:
an overview, in Fodder Oats: A World Overview, J.M. Suttie and S.G. Reynolds, Eds., Plant
Production and Protection Series, No. 33, pp. 11-18, FAO, Rome, Italy.

Stuedemann, J.A., Wilkinson, S.R., Cioria, H., Caudle, A.B., 1983. Effect of levels of nitrogen
fertilization of Kentucky-31 tall fescue (Festuca arundinacea Schreb.) on brood cow health.
Proceedings of the International Grassland Congress, Westwiev Press, Lexington, pp. 728-732.

Stuthman, D.D., Marten, G.C., 1972. Genetic variation in Yield and quality of oat forage. Crop Sci.
12, 831-833.

Tajeda, R., Mcdowell, L.R., Martin, F.G., Conrad, J.H., 1985. Mineral element analyses of various
tropical forages in Guatemala and their relationship to soil concentrations. Nut. Rep. Int. 32, 313-324.

Van Soest, P.J., 1983. Nutritional Ecology of the Ruminant. O & B Books, Corvallis.

Zadoks, J.C., Chang, T.T., Konzak, C.F., 1974. A decimal code for growth stages cereals. Weed Res.
14, 415-421.



