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Abstract: The aim of this study was to evaluate the effect of mtrogen and plant density on some morphological
and agronomic characteristics of grain sorghum in the years 2001-2002. Experimental design was a split-split,
randomized complete block with three replications. Three nitrogen levels (0, 75 and 150 kg ha™") and plant
densities (70x10, 70=20 and 70x30 ¢cm) were applied in three grain sorghum cultivars. Generally, nitrogen and
plant density had no effect on plant height and stalk length. The effect of nitrogen on grain yield per plant was
usually non-significant and increased plant densities tended to increase grain yield per plant. Both nitrogen
and plant density have positively affected grain yield per umt area. The effects of cultivar, nitrogen level and
plant density on flag leaf area were changeable and dependent on both years and locations. One thousand
grain weight was mainly determined by both cultivar and plant density. It may be concluded that mcreased
nitrogen and plant density levels generally give the best results in grain yield and yield components in

sorghum.
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INTRODUCTION

Sorghum 15 usually grown in dryland conditions
around the world and 1s used 1n different ways in many
countries. Even though grain sorghum is commonly
consumed as foodstuff in developing or less developed
countries, it 1s used as forage and raw material in industry
in developed countries. Since sorghum 1s more tolerant to
extreme hot conditions, it has been replaced by corn in
most regions of the world. The response of gram sorghum
to nitrogen is high and nitrogen fertilization is a major
factor determining grain yield in sorghum. It has been
reported that increased nitrogen dose positively affected
plant height and sugar yield in sweet sorghum (Abbas
and Al-Youms, 1989). Baytekin et al. (1995) found that
the most suitable mtrogen dose for gramn sorghum was
200 kg ha™ under irrigated conditions. Tnorganic nitrogen
application was very important for sorghum and affected
positively grain yield, biomass and thousand grain weight
(Lehmamn et af., 1999). The response of sorghum to
nitrogen varied depending on years and locations,
however high nitrogen doses generally increased grain
yields of sorghum (Khosla et af., 2000).

Cultural practices also determine grain sorghum
vields and plant density is one of the major elements
required for plant growth and yield. Narrow row spacings
or high plant densities affected positively grain

sorghum yield in some studies (Foale and French, 1985;
Ramshe et al., 1986; Valesco-Lizama and Ramirez-Diaz,
1986; Nema et af., 1987, Huda, 1988; Tsukov and Petkova,
1988; Kizil and Tansi, 1997). In contrary, some studies
showed that wide row spacings or low plant densities
increased grain yield in sorghum (Muchow et al., 1982;
Machado et al, 1986; Rees, 1986; Singh et af., 1986).
Ramshe et al (1985), Gupta and Sharma (1986),
Gomase et al. (1987), Desiderio and Ventura (1992) and
Soltero-Diaz (1994) found that plant densities have no
effect on grain yield of sorghum. The objective of this
study was to determine the effects of mitrogen doses and
plant densities on sorghum.

MATERIALS AND METHODS

Field experiments were conducted under dryland
conditions in 2001 and 2002 at Ankara, Hatay and
Diyarbakar locations, Turkey. Ankara is at 39° 55' N lat and
32° 40" E long and 860 m above mean sea level (Central
Anatolian region). The soil was clay loam with a pH of 7.8
and an orgamc matter content of 1.6%. Hatay is located in
the southern part of Turkey (36° 15' N lat and 36° 07' E
long and 100 m above mean sea level). The soil of
experimental site was clay with a pH of 7.7 and an organic
matter content of 2.0%. Diyarbakir is at 37° 55' N lat and
40°12'E long and 660 m above mean sea level (South-
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Eastern Anatolian region). The soil was clay with a pH of
7.7 and an organic matter content of 1.6%. Annual
precipitations in 2001 and 2002 in Ankara were generally
higher (437.4 and 387.9 mm, respectively) than the long-
term average (377.6 mm). Mean monthly air temperatures
for 2001, 2002 and the past years were 13.5, 11.9 and
11.7°C, respectively. Total annual precipitations of Hatay
location were ligher (1730.3, 1006.1 and 1124.1 mm) than
the other two locations. Mean air temperature values were
17.6, 18.6 and 18.2°C (for growing years and long-term).
605.3, 383.7 and 488.6 mm of annual precipitations and
16.1, 15.9 and 15.8°C of mean monthly air temperatures
were observed for growing years and long-term in
Diyarbakar.

The experiments were conducted in a split-split plot
arrangement of treatments in a randomized complete block
design with three replications. P,0. of 60 kg ha™ was
given prior to planting in whole plots. The main plot
treatments mcluded three sorghum cultivars, Beydari (C)),
Hatay (C,) and Diyarbakir (C;). Nitrogen levels of 0 (N;),
75(N,)and 150 (N,) kg ha™ were applied to the subplots.
The sub-subplot treatments were three different plant

Table 1: Effect of different nitrogen levels and plant densities on plant height of grain sorghum

densities, 70x10 (D), 70x20 (D,) and 70x30 (D,) cm. Each
plot was 5 m in length and consisted of 4 rows. Planting
dates were dependent on climatic conditions and were in
April, May and June at three locations. Plants were
harvested by hand between August and October.
Measurements and observations were made from five
plants randomly chosen in each plot. In this study, plant
characteristics measured were as follows: plant height
{cm), flag leaf area (cm®), stalk length (cm), grain yield per
plant (g), 1000 grain weight (g) and grain yield per unit
area (kg ha™"). Mstat-C (5.0 Version, 1986, USA) statistical
program was used for statistical analysis in the study.

RESULTS AND DISCUSSION

Plant height: The results of analysis of variance showed
that there were significant differences between cultivars
in both years at Ankara location (Table 1). Nitrogen and
plant densities did not have effect on plant height. In
2001, plant heights of cultivars varied from 74.7 cm to
121.6 ¢m. The greatest plant heights were obtained at C,
(121.6 cm) and C, (106.8 cm) while C, had the lowest plant

Ankara plant density Hatay plant density Diyarbakur plant density
D, (70x10) D,(70x20) D,(70x30) Mean D, (70x10) D, (70x20) D, (70%30) Mean D, (70x10) D, (70x20) D, (70x30) Mean
2001
C N 77.248.1 74.043.6 777443 76.342.9  79.6+2.4 817+0.6 82.7+4.6  B1.3+1.6  63.2+1.8 623421  61.0+1.5 62.2+1.0
N, 72.2+4.5 74.3£1.9 73.044.2 732419  785£2.9 764427  77.8£2.2  77.6£1.3  50.7£109 62.243.0 60.742.3 57.943.8
N, 77.6£0.2 711455 75.3+4.9 746423 80.7£1.4 832423  86.2+4.7  83.4+1.8  61.5+16 61.3+1.0  63.6%1.0 62.1+0.7
Mean 75.7+2.8 73.1£2.0 75.3+2.3 74.7+1.4b  79.6£1.2  80.5+£1.5 822+24  B80.8t1.0c 58.5+3.8 61.9+1.1  61.8+1.0 60.7£1.3¢c*
C, N 109.4+22.2 121.9416.9 114.0+14.3 115.149.2 147.7+6.3 1422464 1374£1.8 142.4+3.0 1443464 1458+2.5 1479+81 146.0+3.1
N, 140.240.8  134.9483 127.246.9 134.1+1.5 136.2+5.1 146943.0 134.8£2.1 139.3£2.6 154.7£3.6 149.7+2.7 159343.8 154.6£1.2
N, 135.0+3.6 92.5¢40.5 119.4£12.5 115643.6 144.74#61 1417467 141.5+7.8 142.643.5 1509+3.5 1503+1.7 1493445 150.242.2
Mean 128.2+8.1 116.4£14.3 120.2+6.1 121.645.7a 1429434 143.642.9 137.942.6 141.5+1.7a 150.0£2.8 148.6+1.4 1522434 150.3£1.5a
c, N 93.6£16.0 90.1£14.8 106.1+8.7 96.6+7.2 104.6£8.3 100.8£7.6 100.1+3.4 101.8+3.5 126.9+4.3 118769 120.343.6 121.9+2.9
N, 119.9+7.2 1151465 1112459 1154435 100.2+3.2 1029455 100.7+3.2 101.3+1.2 126497 1231472 1223412 124.0¢3.6
N, 106.4+2.8  105.7+4.4 113.5+4.7 108.5+2.4 105.0+2.8 1134465 101.9+4.1 106.8+2.1 113.5#3.8 134.0+15.8 127.5+4.3 125.0¢5.7
Mean 106.6+6.4 103.6£6.1 110.2+3.5 106.843.1a 103.3+2.8 105.743.8 100.9+1.8 103.3x1.7b 122.2£43.9 1253+35.9 1234+2.0 123.6£2.4b
Mean 103.5+5.4 97.7+6.2  101.9+4.5 108.6+5.3 1099453 107.0+4.7 110.247.8 1119474 1124475
No 93.4+9.5 95.319.6 99.3+7 4 96.045.0 110.6£104 1082494 106.7+8.3 108.5+5.2 111.5+12.5 108.9+£12.5 109.7£13.1 110.0+7.1
N, 110.8+10.4 108.1+94 103.8+7.7 107.5+53 105.0¢8.6 108.7+10.5 104.4£9.6 106.0+5.1 110.6£16.1 111.7+132 114.1+119 112.1+8.1
N, 106.3+8.4 89.8+12.9 102.7£8.0 99.64+5.7 110.2£9.5 112.848.9 1099487 110.9+5.0 108.6+13.1 115.2£144 113.5£13.0 112.4+7.5
2002
c, N 72.4x1.4 73.942.3 73.7+2.2 73441.0  933£143 973£13.8 97.9£119 96.2+6.7 106.6+5.6 106414 119.8£1.9 110.9+2.8
N, 69.3+1.9 74.246.1 723413 719420 975497  832+4.0 900475  90.2443 119.9+1.0 1243+7.2 107.147.9 117.1+4.0
N, 74.1£3.1 74.242.6 73.744.5 740417  903£6.2  90.5£3.2  83.8£12.0 88.2+4.1 121.1194 119.6£2.6 109443.8 116.7+3.5
Mean 72.0+1.3 74.1£2.0 73.241.5 73.140.9b 93754  903+47  90.6+5.7  91.5+3.0c 1159439 116.8+3.5 112.143.2 114.9+2.0b
c, N 149.2+15.4 134.5£6.6 133.5¢7.4 1391459 1451£11.0 147.346.2 150.2:4.3 147.5£3.9 187.5£24.2 1964492 216.7+174 200.2+10.0
N, 1283+1.7  139.7£15.3 149.3+12.1 139.1+2.0 1481+3.5 1559+14.5 154.3+£7.2 152.8+4.9 168.3+11.6 181.2+10.5 182.6+11.5 177.4+4.9
N, 146.5+23.5 135.8£7.1 142.0+8.0 1414464 149.7+6.9 162.149.6 140.3£1.8 150.7£4.7 183.5£21.6 194.2424.5 186.5+13.1 188.1+6.0
Mean 141.3+8.8 136.7£53 141.6+5.2 1399+43.7a 147.6+3.9 1551457 1483+3.2 1503+2.5a 179.8+10.4 190.6+8.5 1953489 188.6+5.3a
c, N 114.5+15.3 115.4£14.4 124.3+11.7 118.147.1 121.94¢1.2 129.0412.8 129.6£9.1 126.8£4.7 168.4£8.1 16531103 169.9430.1 167.9+£9.5
N, 111.2+6.1 1223496 106.7+5.8 113.4+4.4 119.9+2.7 115.543.5 113.5+4.2 1163432 166.5¢4.7 1557495 1654+129 162.6+5.1
N, 124.7+15.4 125.248.5 121.6+4.1 123.8452 112.343.6 1264457 114.5£2.9 117.7£#2.0 163.7£83 1771193 15294185 164.6+8.8
Mean 116.8+6.8 121.0£5.8 117.5+4.8 118.4+3.3a 118.1+2.0 123.6+4.7 119.2+4.0 120.3+2.1b 166.2+3.7 166.1+7.5 162.7+11.1 165.0+4.5a
Mean 110.0+6.7 110.6£5.8 110.8+6.0 119.8+4.9 123.045.9 119.445.2 154.0+6.6 157.8£7.1 156.7+8.2
No 112.0+12.8 108.0£10.1 110.5+10.1 110.2+6.1 1201491 124.549.3 1259488 123.545.1 154.2#14.4 156.0+13.8 168.8+17.2 159.7+8.5
N, 102.949.0 112.1£11.2 109.4+10.7 108.1+6.0 121.8+7.9 11824114 1193£84 119.8£5.5 151.6£8.7 153.849.4 151.7+16.1 152.3+£5.8
N. 115.1+13.5 111.7+10.1 112.4+10.5 1131464 1174+9.1 126.3+10.9 112.9+8.9 118.9+5.5 156.1+11.7 163.6+144 149.6+13.0 156.4+7.3
*p<0.05
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height (74.7 cm). Nitrogen levels had no significant effect
on plant height and N, treatment gave the slightly highest
plant height (107.5 e¢m). The lowest plant height was
obtained from without nitrogen addition (96.0 cm). The
effect of plant density on plant height was non-significant
m 2001 and mean values for plant height varied from
97.7 to 103.5 cm. Cultivar effects on plant height were
significant in 2002 and C, (139.9 cm)and C;(118.4 cm) had
the highest plant heights. The lowest plant height was
obtained from C, cultivar (73.1 cm). Increased levels of
nitrogen had no effect on plant height. Concerning plant
heights, there were no significant differences between
plant densities.

Significant differences between cultivars were found
for plant height in both years at Hatay location. Among all
cultivars, C, gave the highest plant height (141.5 cm)
whereas C, had the lowest plant height (80.8 ¢m) in 2001.
No nitrogen effect was found for plant height and plant
height values varied from 106.0 to 1109 cm. Non-
significant differences between plant densities were
observed in plant height in 2001. In the second year, there
were highly significant differences between cultivars
(ranged from 91.5 to 150.3 ¢cm). Both nitrogen and plant
densities did not significantly affect plant height in 2002
(Table 1). There were significant differences between
cultivars in plant height for both years in Diyarbakir
location. The greatest plant height was found for C,
(150.3 cm) and C, had the lowest plant height (60.7 cm) in
2001. Small but non-significant differences were observed
between both nitrogen levels and plant densities in plant
height. Tn 2002, the greatest plant heights were obtained
from C, (188.6 cm)and C, (165.0 cm), respectively. C,
(114.9 c¢m) had the lowest plant height. The effects of
nitrogen and plant densities on plant height were non-
significant in the second year (Table 1). As a result, both
nitrogen and plant density had no effect on plant height
of sorghum for three locations. Present plant height
results are not in agreement with the findings of Abbas
and Al-Younis (1989).

Stalk length: There were significant differences between
cultivars in stalk length at Ankara location in 2001. The
greatest stalk length was found for C, (22.3 cm) whereas
C, had the lowest value (14.1 cm). Non-significant
differences were observed between nitrogen levels and
stalk lengths varied from 17.5 to 18.2 cm. Differences in
stalk length between plant densities were not significant.
Stalk length results of 2002 were sumnilar to that of previous
vear. Among all cultivars, the highest and the lowest stalk
lengths were obtammed from C, and C,, respectively. Small
and non-significant differences were observed between
nitrogen treatments mn stalk length. The effect of plant
density on stalk length was not significant (Table 2).

222

Similarly, significant differences were found between
cultivars for stalk length in both years at Hatay location.
In 2001, C, and C, had the greatest stalk length values,
respectively. The effects of both nitrogen and plant
densities on stalk length were not significant. The
responses of cultivars in stalk length were similar to that
of previous year m 2002. Neither nitrogen levels nor plant
densities had significant effect on stalk length in the
second year.

Differences in stalk length between cultivars were
significant for Diyarbakir location in the first year. C,
cultivar had the lughest stalk length (22.0 cm). Stalk length
of C,was rather low (14.4 cm) in comparison with the other
cultivars. Small but non-significant differences were found
between nitrogen levels. Higher plant densities had
positive effect on stalk length and the greatest stalk
length (19.5 ¢cm) was obtained from D, treatment. In the
second year, the three treatments significantly affected
stalk length and Cultivarxmtrogen=plant density
interaction was sigmficant (Table 2). Generally, the
greatest stalk lengths were achieved by different nitrogen
levels and plant densities at C, cultivar. Also, the higher
stalk length values were n the same statistical group. The
treatment of C, with N, and D, had the greatest stalk
length (23.9 ¢cm) in all treatments. The lowest stalk lengths
were observed at the treatments of C, applied different
nitrogen levels and plant densities (Table 2).

Grain yield per plant: There were no significant
differences between treatments in both years for Ankara
location (Table 3). In 2001, the effect of cultivars on grain
yield per plant was not significant and C, and C, had the
highest and the lowest grain yields per plant, respectively.
Increased mtrogen levels (N, and N;) had generally the
greatest grain yields per plant. Similarly, the lughest grain
yields were obtained with increased plant densities.

The grain yields per plant of cultivars in 2002 were
similar to the previous year’s results. The effects of both
nitrogen and plant density on grain vield were non-
significant and the greatest values were determimed with
increased nitrogen levels and plant densities. Tn 2001,
differences between plant densities and Cultivarxplant
density interaction were significant at Hatay location.
Grain yield per plant was dependent on both cultivar and
plant density and the greatest values were generally
obtained from the cultivars with increased plant densities.
The treatment of C, with D, had the lnghest grain yield
(47.1 g) m all treatments. The cultivars with decreased
plant densities had the lowest grain yields. Nitrogen
levels had no effect on grain yield per plant and higher
nitrogen amounts generally increased gramn vields in
Hatay. Significant differences between cultivars were
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Table 2: Effect of different nilrogenlevels and plant densities on stalk length of grain sorghum

Ankara plant density Hatay plant density Diyarbakir plant density
D, (70x10) D,(70x20) D,(70x30) Mean D, (70x10) D, (70x20) D, (70x30) Mean D, (70x10) D,(70%20) D, (70x30) Mean
2001
C N 17.8+1.2 17.240.5 17.8+1.1 17.640.5 169+1.1 161416 16.940.2 16.7+0.6 18.8106 18.6£0.5 18.8+1.0 18.7£0.4
N, 16.8£1.6 17.6£02  17.0£0.9  17.1+0.5 17.0+0.8 17.3%10 17.8+1.0 17.4+0.5 19.0404 18.7+0.6 22.240.8 19.9£0.6
N, 17.540.8 17.140.8 177417 174406 182405 17.5+04 18.340.3 18.0+0.2 16.4+1.1 17.3£0.7 18.4+0.7 17.4£0.5
Mean 17.440.6 173403  17.5£0.6  17.4+03b 17.4+0.5 17.0406 17.7+0.4 17.3+0.3a 181106 18.2+04 19.8+0.7 18.7+0.4b*
c, N 20442.0  22.8106  21.9+11  21.740.8 174%1.7 161416 17.0£1.6 16.8+0.8  19.940.5 22.0+1.1 23.540.7 21.8+0.7
N, 23.040.8  24.8+t12  21.9+09 232403 183+1.1 17.6405 19.1£1.0 18.3+0.5  21.0+1.8 20.540.7 229404 21.5+0.9
N, 224408  21.9+¢11 215419 219406 192205  20.440.8 20.0+0.8 19.9+04 222411 22.310.3 23.6+1.0 22.7+0.7
Mean 219+0.8 232407  21.8+0.7  22.3+04a 183207 18.0+0.8 18.70.8 18.4+0.4a 21.0+07 21.6+0.5 233404 22.0+0.4a
c, N 133+1.2 124413  13.940.5 132406 113x0.1  12.6209 11.6+0.7 11.8+04  13.6+13 14.0+0.8 14.8+0.7 14.2£0.5
N, 13.840.6 14.8+0.7  13.8+1.1 141404  11.6+03  12.0404 12.240.5 11.9+0.5  14.9+16 13.40.2 15.9+0.9 14.7£0.6
N, 14.740.6 144402 156406 149403 11.5+04 131408 12.5+1.1 12.4+0.2 129407 14.7+0.5 152+1.0 14.3£0.5
Mean 13.940.5 139406  14.5+0.5 14.1403¢ 11.5+0.2  12.5404 12.1+0.4 12.0+0.2b 13.8+0.7 14.0£0.3 153+0.5 14.4£0.3¢
Mean 17.740.7 181+0.8  17.9+0.7 15740.6 158406 16.240.6 17.6£0.7b  17.9+0.6b  19.5+0.7a
No 17.241.3 17.5£1.6  17.941.3  17.540.8 15211  14.9409 15.2+1.0 151206 17.4+1.1 18.2+1.2 19.0£1.3 18.2£0.7
N, 17.9+1.5 19.1+1.5 17.6+13 182408 15.6+1.1 15610 16.4+1.0 15.9+0.6 183+1.1 17.5¢1.1 20.3+1.4 18.7£0.7
N, 182+1.2 17.8£41.2  18.3%1.1 181406 163x1.2  17.0+1.1 16.9+1.2 16.7¢0.7  17.2+14 18.1+1.2 19.1£1.3 18.1£0.7
2002
C N 16.240.2 16.4+00  16.4+1.1 163103 193416 194420 19.8+1.4 19.5+0.9 16.5406hi  17.5+0.3fgh 20.6+0.7b-f 18.2+0.7
N, 16.5+0.2 17.941.7  17.0£0.2  17.140.5 16.9+0.1  17.0+1.1 18.3x1.2 17.4+0.5  20.940.8a-d 20.7+0.Ba-e 18.6£0.6d-h 20.1+0.3
N, 16.4+0.2 17.3+03  17.2+11 17.0404 18.6+2.1 189413 17.742.1 18.4+1.0 17.4+0.1gh 17.7+1.7e-h 19.2+2.6¢-h 18.1+0.9
Mean 16.440.1 17.240.5 16.9+0.5 16.8£0.2b 183+0.9 18.4+0.8 18.6+0.9 18.4+0.5a 183107 18.7+0.7 19.540.8 18.8£0.4
Cc, N, 19.8+0.7 192406 197408 195404 17.5+13  21.6409 21.3+0.5 20.1+0.8 21.940.5abc 23.0f1.2ab 21.3+0.6a-d 22.0£0.5
N, 18.640.2 195410 200408 194405 187409 19.7+21 18.50.7 19.0+0.7 22.3+1.1abc 21.4+0.8a-d 23.9+13a 22.5+0.6
N, 19.0+0.4 187£02  17.8+3.1 185404 18409  20.3x1.5 16.4+1.5 18.4+0.9 22.7407ab 19.8+1.2b-g 22.6+1.4ab 21.7+0.7
Mean 19.140.3 19.1+0.4 19.2+1.0  19.1+04a 182406 20.540.8 18.8+0.9 19.2+0.5a 223104 21.440.7 22.640.7 221104
C. N 11.940.8 123106  13.740.6  12.6404 121+0.7 124408 12.9+1.1 12.5+0.5  13.6+0.7ij 13.9+0.3ij 13.0+0.5) 13.5+03
N, 13.140.9 14.1£10  12.5+04 13.240.5  13.8+1.1  13.0407 13.240.1 13.3:0.8  12.9404j 12.9+0.7j 13.140.57  13.0:0.3
N, 11.840.3 14.3£1.7  12.7#0.8  12.940.7 12403 12315 12.0+0.1 122404  13.640.4ij 13.9+0.4ij 13.4+1.1j 13.7+04
Mean 12.340.4 135407  13.0+04 12.9+03¢ 12.8+0.5  12.5405 12,7404 12.7+0.3b 13.4+03 13.6+0.3 132404 13.4£0.2
Mean 15.940.6 16.6£0.5 16.310.6 16.4£0.6 17.240.8 16.7+0.7 18.0£0.8 17.9+0.7 18.4+0.9
No 159+1.2 159+10 16610 162406 163+1.2 17.8+1l6 18.041.4 17.4+0.8 17.3+13 18.1+14 183+1.4 17.9+0.7
N, 16.1+0.8 17.14£10  16.5£#1.0  16.6£0.6 16.4+0.8 16.6+12 16.7+1.4 16.6+0.6 18.7+1.5 18.3+14 18.6£1.3 18.5£0.8
N, 15.7+1.1 16.8+0.8 159413 161406 16.5+1.2  17.2414 15.4+1.2 16.3+0.7  17.9+13 17.241.1 18.4+1.6 17.8£0.8
*p<0.05

found for grain yield per plant in second year. The
greatest grain yield were obtained with C, and C, and C,
cultivars followed it. The effect of both nitrogen and plant
density on grain yield per plant were changeable.
Different nitrogen levels with increased plant densities
had generally the greatest grain yields and the treatment
of N, with D, had the highest value (50.1 g) in all
treatments. The lowest grain yield per plant was
determined with the treatment of N, with D, (34.6 g).
There were sigmficant differences between cultivars
1n grain yield per plant in 2001 for Diyarbakir location. The
greatest grain yield values were 33.2 g (C,) and 31.8 g (C,)
and C, had the lowest grain yield per plant (15.4 g). The
effect of mitrogen on grain yield per plant was non-
significant and grain yields varied between 29.1 and
233 g. Significant differences in grain yield per plant were
observed with plant densities. Tncreased plant densities
had the highest grain vields and lower plant densities
decreased grain yields. In 2002, non-significant
differences were observed between cultivars. Both
nitrogen and plant density had no effect on grain yield per
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plant in the second year (Table 3). Cultivar and plant
density generally affected grain yield per plant for all
locations while no nitrogen effect was detected. These
results are not similar to the findings of several studies
(Baytekin et al., 1995; Lehmann et al., 1999; Khosla et al.,
2000).

Grain yield per unit area: Significant differences were
observed between treatments in grain yield per unit area
in both years for Ankara location (Table 4). The
differences between plant densities and Cultivarx
nitrogen and nitrogenxplant density interactions were
significant in 2001. Though there were the several higher
grain yields per umt area in the same statistical group the
treatment of C, with N, had the greatest grain yield per
unit area (16.6 kg ha™") in all treatments. Similarly, the
lowest grain yield values were in the other statistical
group and the treatment of C, with N, had the lowest grain
vield per unit area (9.6 kg ha™). The effects of both
nitrogen and plant density on grain yield per unit area
were significant and the greatest grain yield was obtained
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Table 3: Effect of different nilrogen levels and plant densities on grain yield per plant of grain sorghum

Ankara plant density Hatay plant density Diyarbakir plant density
D, (70x10) D, (70x20) D, (70x30) Mean D, (70x10) D, (70%20) D, (70x30) Mean D, (70x10) D, (70x20) D, (70x30) Mean
2001
c, N 30.044.2 26.3+5.5 32.4£6.6  29.6£29 30702 321420 40.0£0.6 343416 111407 17.143.7 16.744.2 14.9+1.9
N, 26.1+7.3 27.6+1.4 292446  27.6+26 29.140.8  37.7+17 44.6+0.9 371423 170433 18.4+1.6 20.1+5.4 18.5+1.9
N, 31.5+1.9 28.047.0  33.5£12.0 31.044.1 364129 404420 47.5£2.2 414420 9.2£1.5 14.7+1.3 142414 12.7+1.1
Mean 29.2+2.6 273426 317442 294418 32.1+14f 36.7+15d  44.0+1.3b 376412 124416 16.7+1.3 17.0+2.2 15.4+1.0 b*
Cc, N, 27.74£10.0 389445 31.5£6.0 327440 29.8402 347405 42.3£0.7 35.6+£1.8  20.5+1.2 32.4+6.9 32.643.7 28.5£3.0
N, 442454 41.2450  43.9+80  43.1+1.6 31.8t13  409+2.1 46.9+0.6 39.8+23  26.1+4.7 312+7.2 454+5.2 34,2424
N, 33.646.8 26.3+7.6 40.6£13.0 335432 37.3x0.5 43.4+1.6 52.240.6 443422 35043.6 354443 40.3+3.7 36.944.1
Mean 352+4.5 355437 38.7+5.1 364425 32.9+1.2f 39.7+1.5¢c  47.1+1.5a 39.9+414 272427 33.0+3.2 39.4+2.8 33.2+1.9a
C, N, 35.148.7 344489 433183 376446 330112 39.6£12 43.6£14 387417 3224124 372465 34.243.6 34.544.2
N, 357+6.9 582435 359483 433450 351402  38.8+13 45.1+0.6 396416 334439 283+4.3 42.146.6 34,643.2
N, 47.146.7 43.6£62  56.0£6.9 489438 359+13  41.6£1.8 45.6£2.8 41.041.5 212436 30.245.0 27.844.6 26.4£2.6
Mean 393+4.2 45.4+4.8 45.1+4.9 43,3126 34.6£0.7¢ 40.0£0.8¢c 44.7£1.0b 398809 289443 31.943.0 34.74£3.3 31.8+2.0a
Mean 34.6+2.3 36.1£2.6  38.5£2.8 332407  38.840.8 45.3£0.7 229+23b  272+42.1a 30.4+2.5a
Ny 30.9+4.2 332438 35.7+4.0  333+22 311406  35.5+13 42.0+0.7 36.2+41.0 212447 28.9+4.2 27,8434 26.0£24
N, 354442 423448 363439 380425 32.0+1.0  39.1+£10 45.5£1.2 389412 255431 26.0+3.1 359432 291423
N, 37.4+3.7 32.6+4 4 43.4+6.4 37.8£29 36.5£09  41.8+1.0 48.4+1 4 423+1.1  21.8+4.0 26.8+3.7 274442 253423
2002
c N, 213+1.8 275452 30.3%45 26.4+24 359+56  37.7+5.8 49.8+3.2 41.1+#33 239415 269+1.7 339+2.4 28.241.7
N, 21.940.8 326490  28.0£36 275432 426427 303432 32.5¢4.5 351426 299413 31.0+3.9 25.4+1.0 28.8£1.5
N, 253+4.0 25.8+42  32.5#6.1 279427 36213  44.8433 47.4+1.0 42.8+20 27.5+1.8 332434 322405 31.0+14
Mean 22.8+1.4 28.6+£34 30.3£2.5 272416 38.2+£21 37.6+£3.0 43.243.1 39.7+1.6b 27.1+1.2 30.4+1.8 30.5+1.5 29.310.9
Cc, N, 26 346.1 253414 327460 281427 458438 495471 58.6+1.0 51.3+3.0 296433 30.0+2.2 30.0+7.6 299425
N, 233435 275427 32.0£46.0 27.6432 454464 42.6+1.6 433441 43,8823 33.747.1 37.9+7.8 28.4+2.9 33.3£1.5
N, 27.1+3.6 248420 295469  27.1+25 38.8+73 489417 46.8+4.8 44.8£3.0 42.149.7 30.1+1.8 33.6+1.3 353434
Mean 25.6+2.3 25.9+41.1 31.4£32 27.6414 433432 47.0424 49.6£3.0 46.6£1.7a 35.1+4.0 327427 30.6+2.5 32.8£1.8
C, N, 24.5+1.1 281430 272469  26.6+23 30.7+46  34.6£1l6 41.8+4.6 35.7+25 277432 203+3.2 21.7+1.8 23.3+1.8
N, 30.1+2.2 31.6+£7 4 30.4+4.8 307426 39.142.6  43.045.0 40.2£1.0 40.8£1.8 20.5+1.3 229417 23.645.8 22.3£1.8
N, 28.8+6.9 39.5+16.7 30.1+4.6  32.8+5.6 289103  37.1+39 39.4+2.6 351418  20.6+24 24.1+6.8 18.4+2.3 21.0423
Mean 27.8+2.3 331456 29.242.8 30.0422 329422 383423 40.5£1.6 37.2413b 229+1.7 225423 21.242.0 222411
Mean 254+1.2 292422 30.3%16 382416  40.9+1.7 44.4+1.7 28.4+1.8 28.5+1.5 27.5+14
N, 24.1+£2.0 27.041.8  30.0£3.0  27.0414 37.5+3.2cd 40.6£3.5bed 50.1+2.9a 42.7¢2.1 271416 25.8+1.9 28.5+3.0 27.1£1.3
N, 25.1+1.8 30.643.5 30.1+3.1 28,616 42.4+23bc 38.6+2.7bcd 38.7+29bed 39.9+14  28.0+29 30.643.4 25.843.0 28.1£1.6
N, 27.0£2.6 30.045.5 30.7£3.0 2903422 34.6+2.6c  43.6£23bc  44.5+2.1ab 409416 30.144.3 29.1+2.6 28.1£2.6 29.1+1.8
*p<0.05

with the treatment of N, and 1, (15.1 kg ha™") whereas the
treatment of N, with D, had the lowest grain yield value
(9.4 kg ha™) in all treatments. For the second year,
cultivars had no effect on grain yield per unit area and
grain yields of cultivars varied from 13.7 kg ha™ (C)) to
11.9 (kg ha™) (C,). Differences in grain yield per unit area
between mtrogen levels were significant. Higher mtrogen
levels considerably mcreased grain yield per umt area
from 10.6 to 15.1 kg ha™". The effect of plant density on
grain yield per unit area was not significant and the
highest gram yield was determined with D, treatment
(13.1 kg ha™.

Differences between nitrogen levels and plant
densities and Nitrogenxplant density interaction were
sigmificant at Hatay location in 2001. Cultivar effects on
grain yield per unit area were non-significant and the
highest and lowest grain yields were obtained with C, and
C,, respectively. Both nitrogen and plant density
significantly affected gramn yield per unit area in the first
vear. There were considerable differences in grain yields
in Hatay location in 2001. The highest grain yield per unit
area was found for the N, with D, treatment (33.2 kg ha™).
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The N, with D; treatment had the lowest grain yield
{20.0 kg ha™") in all treatments. Cultivar=nitrogen and
nitrogen=plant density interactions were significant in
grain yield per unit area in 2002. The cultivars with
increased nitrogen levels generally had the greatest
grain yield values and the C; with N, treatment gave
the highest yield (36.4 kg ha™") whereas the cultivars with
no nitrogen addition had the lowest grain yields per umt
area. Increased nitrogen levels with different plant
densities positively affected grain yields and the greatest
grain yield per umt area was obtained from the treatment
of N, D, (37.4 kg ha™). Non-nitregen applications with
different plant densities commonly had the lowest grain
yield values in all treatments.

In 2001, differences between
Cultivarx nitrogen, cultivar<plant density, mitrogen x plant
density and cultivarxnitrogen=plant density interactions
in grain yield per unit area were significant at Diyarbakar
location. There were considerable differences between the
treatments in grain yield per umt area (Table 4). The C,
cultivar with different nitrogen levels and plant densities
generally had highest grain yield values. The treatment of

cultivars and



Table 4: Effect of different nilrogen levels and plant densities on grain yield per unit area of grain sorghum
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Ankara plant density Hatay plant density Diyarbakir plant density
D, (70x10) D, (70x20) D, (70x30) Mean D, (70x10) D, (70%20) D, (70x30) Mean D, (70x10) D, ({70%20) D, (70x30) Mean
2001
C, N 159404 10.543.1 9.3+1.6 11.941.4ab 24.9206 226417 185405 220411 12.9416jk  17.5+1.9g-k 14.5£1.5ijk* 15.0z1.1
N, 103412 11.4+41.4 10.0+1.8 10.6+0.8b 27.0+1.1 273409 237428  260+1.1  18343.7g-k  19.1+0.7gj 16.5+3.5g-k 18.0+1.5
N, 13.843.0 11.5+2.8 16.043.2 13.7+1.6ab 35.5£1.7  29.240.8 254406 300+1.6 10.5£13k 12.6420.7jk  12.3£1.5ik  11.8£0.7
Mean 133413 11.1+1.3 11.8+1.6 12.140.8  29.1£1.7 264412 225413 260410 139417 16.4+12 144413 14.940.8
C, N, 11.9+1.8 15.0£2.0 9.8+2.0 12.241.2ab 24.8£0.7 232408 197411 226409 22.8£2.0e-h 31.644.8cd 29.6£54cde 28.0+2.5
N, 173414 15.242.5 10.6+0.7 14.4+1.2ab 26.0+04 259423 212404 244410 351+6.1cd  32.144.7cd 48.3+43a 38.5+1.7
N, 12,4416 7.3+1.3 9.241.3 96+1.3b  30.14£1.7  27.8404  24240.8 274410 433+32ab  36.8£52bc 34.0+13cd  38.143.6
Mean 13.9412 12.5+1.6 9.9+0.8 12.140.8  27.0£1.0  25.6+10 21.7+0.8 24.840.7 33.8436 33.5+2.6 373435 34.9+1.8
C, N 12.843.8 10.6+2.4 9.0+1.4 10.8+1.5b 27.4£1.0 273412  21.8+1.4 255+1.1 28.047.5def 21.440.8f4 15.0£1.0h-k 21.5+2.9
N, 171437 18.9+2.9 13.7+4.2 16.6+2.0a 29.6£1.2  29.0402 216412 267420 24141 0efg 198+1.7g-j 22.1+2.5f1 220411
N, 16.1+1.6 11.7£2.2 13.6+2.1 13.8+1.2ab 33.9£29 282417 245413  28.8+14 24.34£29efg  20.142.8g-j 16.5:1.8g-k 20.3z1.7
Mean 15.3+1.7 13.7£1.8 12.1£1.6 13.7£1.0 30.3x1.3 28.280.6 22.6+0.8 27.0+0.8 25.5+£24 20.5£1.0 17.9£14 21.3+£1.1
Mean 14.240.8 12.5£0.9 11.240.8 28.8£0.8  26.7H06 223106 24.4+22 23.5+1.7 23.24£24
N, 13.5+1.4abc 12.0+1.5b-¢ 9.4+0.9¢ 11.6+0.8  25.7#0.6cd 24.4+1.0d 200+0.7f 234406 21.2432 23.5+2.6 19.743.0 21.541.7
N, 14.9+1.7ab 15.1£1.6a 11.5+1.1cde 13.820.9 27.6£0.7bc 27.410.8bc 222+1.3e 25740.7 25.8432 23.742.6 28.9+2.8 26.1£2.2
N, 14.1+1.2ab¢ 10.2+1.3de 129+1.5a-d 12.4+0.8 33.2#14a 284+06b 24.7+0.5d 28.8+0.8 26.0+19 23.2+4.0 20.9434 234423
2002
C N, 10.0+1.4 11.9+0.3 11.640.5 11.24¢0.5  25.0£0.8 26728 19.1+0.8 236+1.5d 32.74+2.1d4j 43.4+4.4a-g 55.9+12.2ab 44.045.1
N, 14.241.1 15.6+0.9 12.8+1.4 14.2£0.7 293210 321418 269413  294+1.0bc 46.242.8a-d 33.8+1.4c4§ 31.8£2.0d4§ 37.3£2.5
N, 163113 15.0+0.1 15.9+40.6 157405  39.1£13  355+13 322420 356%13a 39.543.4b-c  593+54a 553+2.8ab 514436
Mean 13.5£1.1 14.1£0.6 13.540.8 13705 31.1£22 314417 261421 295412 39.5424 45.544.2 477454 442424
C, N, 11.5+12 10.8+0.4 8.2+0.8 10.24¢0.7 249408 244431 214408 236+1.1d 40.945.1b-i 41.9+1.6b-h 44.7+133a-e¢ 42.5+4.2
N, 12,5407 13.0£2.9 14.9+1.7 13.4£0.8  30.3£1.0 339407 274414 306+1.1b 44.248.1a-f 51.6+12.5ab 43.7+8l1a-f 46.5£1.7
N, 154423 16.7+1.7 13.5+1.4 152411  33.7£22 310406 294409 314409b 50.4+10.8abc 39.1+1.2 b-j 46.3+2.0 a-d 45.3%5.1
Mean 13.1£10 13.5+1.3 12.241.2 12.9£0.7  29.6£1.5 20.8£1.7 261413 285409 452444 44.244.1 44.9+4.6 44.8+2.4
C, N, 11.4+16 10.242.3 9.7+1.0 104409  26.2409  223+13 217406 234409d 27.4433f 24.4+4.6ij 25.6£3.1hij 25.8+1.9
N, 10.0+1.7 11.0£1.5 12.040.5 11.0£0.7  28.2:+04 30,0415 23.640.9 273+1.9c 23.8427j 29.242.6ej 23.1+64j 254423
N, 14.1+09 13.6+1.3 15.4+1.0 143406 39306 371422 327424  364+l.1a 281+42e- 266434z 24.2+2.0if 263+1.7
Mean 11.8£09 11.6£1.0 12.3+0.9 11.9£0.5  31.2£21 20.8£23  26.0+1.9 290412  26.4+19 26.8£1.9 24.3£2.1 25.8£1.1
Mean 12.8406 13.1+0.6 12.740.6 30.7+1.1 303+11  26.0+1.0 37.0+£23 38.8+2.6 39.0+3.1
N, 11.040.7 11.0£0.7 9.8+0.6 10.6£04c  25.4£05e 24.5+14e 20740.6f 235406 33.74£27 36.54£3.6 42.0£6.9 374427
N, 122409 13.241.2 13.2+40.7 12.940.5b 29.3+0.5d 32.0409¢ 260+1.2e 291406 381444 38.2+5.0 32.9+7.1 364+2.6
N, 15.320.9 15.1+0.8 14.940.7 15.1204a 37.4£12a 34.5412b  314+l.1cd 34440.8 393448 41.745.1 42.044.8 41.04£2.7
*p<0.05

C, with N, and D, gave the greatest grain yield per unit
area in all treatments {(48.3 kg ha™"). The treatments of C,
with different nitrogen levels and plant densities generally
had lowest grain yields per unit area. Similarly, Cultivarx
nitrogen=plant density interaction was significant in grain
vield per unit area in second year. C, and C,cultivars
treated with different mtrogen levels and plant densities
generally had highest gramn yields per unit area whereas
C, cultivar with different nitrogen levels and plant
densities had lowest grain yield per unit area in all
treatments.

Increased mnitrogen levels and plant densities
positively affected grain yield per unit area for locations.
Our grain yield results are similar to the reports of several
authors (Baytekin et al,, 1995, Lehmam et al., 1999,
Khosla et ai., 2000; Foale and French, 1985; Ramshe et ai.,
1986; Valesco-Lizama and Ramirez-Diaz, 1986, Nemaet al.,
1987; Huda, 1988; Tsukov and Petkova, 1988; Kizil
and Tansi, 1997), while the results of some studies
(Ramshe et al, 1985, Gupta and Sharma, 1986,
Gomase et al., 1987, Desiderio and Ventura; 1992
Soltero-Diaz, 1994) differed from our findings.
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Flag leaf area: There were no significant differences
between cultivars in flag leaf area in 2001 at Ankara
location (Table 5). Flag leaf areas of cultivars varied from
788 to 113.9 cm’ and the highest flag leaf area was
obtained from C,. The effect of nitrogen on flag leaf area
was non-significant and the N, treatment gave the best
result concermng flag leaf area. Significant differences
were found between plant densities for flag leaf area in
2001 in Ankara. The treatment of D, had the highest flag
leaf area (110.0 cm®). Significant differences between
cultivars were found for flag leaf area in 2002. Of all
cultivars. C, had the greatest {lag leaf area (113.5 cm®). The
effects of both nitrogen and plant density were non-
significant in second year.

Sigmficant differences between cultivars were found
for flag leaf area in 2001 in Hatay location. C, had the
highest flag leaf area (209.9 cm?) whereas the lowest flag
leaf areas were determined by C, (131.4 cm® and C,
{124.7 cm’) cultivars respectively. Both nitrogen and plant
density had no effect on flag leaf area i1 Hatay location.
The effects of both cultivar and nitrogen on flag leaf area
were significant in 2002. C, gave the best result in flag leaf
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Table 5: Effect of different nitrogen levels and plant densities on flag leaf area of grain sorghum

Ankara plant density Hatay plant density Diyarbakur plant density
D, (70%10) D, (70x20) D, (70x30) Mean D, (70x10) D, (70x20) D, (70x30) Mean D, (70x10) D, (70x20) D, (70x30) Mean
2001
C, N, 82.1+8.6 72.9+4.7 88.4+6.0 81.1+4.0 192.6+17.7 193.9+16.9 218.9+14.5 201.8+9.3 30.6+£0.7 29.9£1.3 31.9+1.8 30.8+£0.7
N, 82.9+14.6 84.2+1.2 728172 80.0+5.0 195.7+27.9 205.2+12.5 222.6+5.7 207.8+9.8 304414 312413 30.1+1.6 30.610.7
N, 67.0+4.8 73.8£24 84.8+17.0 75.2+5.8 221.0+32.5 2153+11.7 224.4+12.8 220.2+10.7 31.3+09 292+1.0 32.3+1.3 30.9+0.7
Mean 77.3£3.7 77.0£2.4 82.0+6.1 78.8£2.8 203.1+14.1 204.8+7.6 222.0+5.9 209.9+5.7a 30.8£0.5 30.1£0.7 31.4+0.8 30.8+0.4b*
C, N 92.5+11.9 132.1+18.2 98.7+11.7 107.8+9.4 105.6+5.1 116.3+83 113.9+16.0 111.9+5.6 95.8+11.5 774483 102.1+13.9 91.8+06.8
N, 1209444 14514299 104.449.1 123.5%#3.6 115739 140.6+12.1 124.1+14.7 126.9+6.7 116.9+15.0 108.7+53 115.0+26.4 113.5+0.7
N, 107.9+6.6 121.5£13.5 102.4+17.1 110.6£10.9 132.8£4.4 121.2£53 151.5£6.2 1352452 104.5482 107.0+8.8 115.5+11.5 109.0£9.0
Mean 107.145.8 13294114 101.8+6.6 113.9453 118.0+4.6 126.1+5.9 129.848.6 124.7+3.8b 1057467 97.7+6.3 1109495  104.8+4.4a
C, N, 91.3+29.1 93.2+18.0 101.5+16.6 95.3+11.1 128.8+16.1 128.2+4.6 137.0+4.5 131.3+52 10294154 1154+192 951+13.9 104.5+8.7
N, 125.4+£17.8 156.8£17.6 113.0£13.5 131.7£10.5 133.0£15.0 124.5£10.5 113.8£5.3 123.8£10.6 111.7+9.5 97.3£12.0 119.6+10.4 109.5£6.3
N, 108.1+10.4 110.4+9.9 119.2+414.4 112.6+6.1 152.7+3.3 133.6+16.2 130.6+10.6 139.0+6.2 85.3+23.7 86.1+9.0 81.4+18.3  84.3+9.1
Mean 108.3£11.4 120.1£12.3 111.247.9 113.2+6.0 138.2+7.4 128.8+5.9 127.1+£5.0 131.4+3.6b 100.0+£9.5 99.6£8.2 98.7£9.2 99.4+5.0a
Mean 97.5+53b 110.0+7.2a  98.3+4.5b 1531489 1532480 159.6+94 78876 T5.8£7.2 80.318.1
N, 88.619.5 99.4+11.5 96.2+64 94.7+53  142.3+14.8 146.1+13.3 156.6+17.2 148.4+8.5 76.4+12.8 74.2+£138 76.4+12.5 75.7+7.2
N, 109.749.6 1287151 96.7+6.8 111.7+6.8 148.1+15.2 156.8+13.6 153.5+18.3 152.8+8.7 86.3+14.9 79.0+127 88.2+12.6  84.5+8.3
N, 94.3£7.8 101.9+8.7 102.149.5 99.4+4.9 168.8+16.4 156.7+15.9 168.8+15.1 164.8+8.8 73.7£13.1  741+£122  76.4£13.6  TA.7+7.2
2002
C, N, 82.8+24 75.0£7.0 805419 79.4+25 177.549.2 197.3+73  200.9+5.6 191.9+52 232.8439.7 223.1+7.3 256.0¢10.2 237.3+13.0
N, 56.9+3.5  107.3+31.7  83.1+11.4 82.4+12.2 191.9+17.7 205.9+11.7 211.9+7.3 203.2+7.1 2594440 254.9£16.0 284.0£29.2 266.1+10.7
N, 68.6+12.9  §7.8+20.0 785+11.1 78.3+8.1 211.1+11.3 204.5+33  210.8+19.7 208.8+6.7  293.9+19.8 267.9+38.6 252.0+18.8 271.3+15.0
Mean 069.4+5.4 90.0+12.0 80.7+4.7 80.1+4.8b 193.5+82 202.6+43 207.9+6.5 201.3£3.8a 262.0+15.6 248.7+139 264.0+11.6 258.2+7.8b
C, N, 97.0£14.4 120.5£7.0 126.0+£24.1 114.5£9.5 114.6£3.4 116.0+2.1  127.1+11.3 119.3+4.0 25634283 232.7:£249 260.8£49.9 249.9+18.6
N, 123.8+19.7 109.1+13.0 132.6+14.2 121.8+11.8 118.5+6.3 148.6+11.6 139.2+14.7 135.4+7.2 313.0+28.4 267.8+31.1 286.7+35.7 289.2+12.6
N, 95.0+6.0  113.7+10.0 104.0+23.0 104.2+8.7 144.1+2.8 129.4+5.7  158.9+8.0 144.1+32 283.8+13.3 286.3+15.0 302.0+42.1 290.7+17.2
Mean 105.3£8.6 114.5+54 120.9+¢11.3 113.5+5.0a 125.7£5.1 131360 141.7£7.4 132.9£3.7b 284.4+£14.7 262.2£146 283.1+22.3 276.6x9.9a
C: N 61.6£7.5 62.7£74 107.742.6 773482 132.3+12.9 126.0+53  138.6+2.0 132.3+4.5 234.642.1 230.6+11.1 184.8+27.4 216.7+11.7
N, 66.8£6.0 87.6+8.6 82.5+11.7 79.0+5.5 131.4+5.6 122.1+6.8 1253435 12624532  223.6+27.7 228.8+48.7 209.7+6.7 220.7+16.3
N, 76.3£12.4  B85.7+2.9 76.1+£8.5 79.4+4.7  149.1+4.7  141.1+4.8  133.7x1.5 141.3£33 219.5431.9 200.8+33.1 212.9+10.4 211.1+13.9
Mean 068.2+35.0 7874153 §8.846.4 78.6+3.5b 137.6£5.2 129.7+4.1 132.5+2.6 133.3+24b 22594124 220.1+180 202.5+9.7 216.2+7.9¢
Mean 81.0+35.0 94,4454 96.8+5.6 152.3+6.86 154.5+7.2 160.7+74 2574492 2437493 249.9+11.0
N, 80.5£7.0 86.1+9.5 104.7£9.6 90.4+53 141.5£10.5 146.4+13.1 155.6+£12.0 147.8+6.7b 241.2+14.6 228.848.3 233.9+20.7 234.6£8.6
N, 82.5+12.0 101.4+10.8 99.4+11.2 94.4+6.4 147.2+12.6 158.9£13.4 158.8+13.4 155.0£¢7.6b 265.3+17.4 250.5+182 260.1+19.9 258.7+10.1
N, §0.0+6.7 95.7£7.9 §6.2490 8§7.3+4.6 168.1+11.4 15834119 167.8+12.9 164.7+6.8a 265.7+16.4 251.7+20.1 255.6+18.8 257.7+10.3
*pe0.05

area {201.3 cm?). Higher nitrogen levels increased flag leaf
area n grain sorghum and the highest flag leaf area was
obtained from N, treatment {164.7 cm?). Plant density had
no effect on the flag leaf area.

Differences in flag leaf area between cultivars were
sigmficant for Diyarbakar location m the first year. The
greatest flag leaf areas were determined by C, (104.8 cm?)
and C, (99.4 cm’) cultivars, respectively. The effects of
nitrogen and plant density on flag leaf area were non-
significant. Siumilarly, there were sigmficant differences
between cultivars in flag leaf area in 2002, C, gave the
highest flag leaf area (276.6 cm’ ) and C, had the lowest
flag leaf area (216.2 cm?). Non-significant differences
between nitrogen and plant densities were observed in
flag leaf area in 2002.

1000 grain weight: There were significant differences
between only cultivars in 1000 grain weight for 2001 in
Ankara location (Table 6). C, had the highest 1000 grain
weight and the lowest one was determined with C, cultivar
(22.1 g) in all cultivars. The effects of nitrogen and plant
density on 1000 grain weight were non-significant. In
2002, no cultivar effect was found for 1000 grain weight
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and the values varied from 22.9 to 23.8 g. Nitrogen levels
had no effect on 1000 gramn weight. Also, there were small
but non-significant differences between plant densities in
1000 grain weight.

Differences between cultivars and Nitrogenxplant
density interaction were significant for 1000 gramm weight
at Hatay location in 2001. Of all cultivars, C; and C,
cultivars gave the highest 1000 grain weights,
respectively. Even though nitrogenxplant density
interaction was sigmficant there were small but significant
differences between treatments in 1000 grain weight. The
treatment of N, and D, had the greatest 1000 grain weight
(22.8 g) whereas the lowest value (19.5 g) was obtained
from N, D, m all treatments. Differences m 1000 grain
weight between cultivars and Cultivar=plant density were
significant for Hatay location in second year. 1000 grain
weight was mainly dependent on both cultivar and plant
density and the greatest values were generally obtained
from the cultivars with increased plant densities. The
treatment of C, and D, had the best result for 1000 grain
weight in all treatments. Small but non-significant
differences were observed between nitrogen levels in 1000
grain weight.
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Table 6: Effect of different nilrogen levels and plant densities on 1000 grain weight of grain sorghum

Ankara plant density Hatay plant density Diyarbakir plant density
D, (70x10) D, (70x20) D, (70x30) Mean D, (70x10) D, (70x20) D, (70x30) Mean D, (70x10) D, (70x20) D, (70x30) Mean
2001
C, N 249421 21.8£1.6 233+1.5 233410 191417 17.5404 18.1+1.1 18.2£0.7 17.5404 20.4+1.5 183107 18.7+0.6
N, 22.2+12 214+1.1 21.7+0.6 21.8+0.5 174406 184416 19.4+1.0 184406 183+1.0 19.3+09 201412 19.2+0.6
N, 21.4+1.1 20.6£1.4 21.4+1.2 211406  17.840.7 19.0+1.0 19.740.5 18.8£0.5 18.0+13 19.1404 184403 18.5+0.4
Mean 22.8409 21.2+0.7 22.1+0.7 22.1+0.5b 18.1+0.6 18340.6 19.040.5 18.5¢0.3b 17.9+0.5 19.6+0.6 18.940.5 18.8+0.3¢*
C, N, 24.74£2.6 243111 253+1.2 248809 247412 244+1.6 24.8+£1.7  24.6£0.7 21.2404 20.3+1.0 22.740.6 21.4£0.5
N, 22.1+13 24.2+0.9 27 .6+1.2 24.6+0.5 19.9+0.8  24.1+0.9 237409  22.6+0.8 20.840.7 21.540.4 22.2+41.0 21.540.6
N, 257437 22.0£0.9 253+1.3 243410 230404 231407 22.8+24 23.0£0.7 21.8£10 21.6+14 223403 21.9+04
Mean 242415 23.5+0.6 26.0+0.7 24.6+0.6ab 225+0.8 23940.6 237409  23.4+05a 21.2404 21.140.5 224404 21.6+0.3b
C, N 24.0+¢1.8 24.4£1.9 24.8+2.6 244411 243420 217422 21.8+2.1 22,6511 249413 25.5+¢1.9 259412 25.4£0.8
N, 251416 31.8+1.2 263+1.1 277412 211420 241429 232415 22,8406 251404 26.8+1.5 29.3+0 5 27.1+0.8
N, 27.8+3.5 26.7£0.9 32.442.6 289416  24.6+1.3 263105 24.7¢1.0 252412 26.6+14 27.840.7 28.340.6 27.6£0.6
Mean 25.6+£1.3 27.6x1.3 27.8+1.6 27.0£0.8a 23.3£1.1 24.0+1.2 23.2209 23.5£0.6a 25.5806 26.71£0.8 27.880.7 26.7t0.4a
Mean 24.2407 24.1£0.7 253+0.8 213407 22.140.7 22.040.6 21.6£0.7b  22.5+0.7a  23.0+0.8a
N, 24.5+1.1 23.5+0.9 24.5+1.0 242406  22.7+1.2a 212+1.3ab  21.6+13a 21.840.7 21.2+1.1 22.1+1.1 22.3+12 21.8+0.7
N, 23.240.8 25.8£1.6 25241.1 247407 19.540.8b 222+1.4a  22.1414a  21.2406 21.4+1.1 22.5+1.2 23.8+1.2 22.6£0.7
N, 25.0+1.8 23.1+1.1 26.4+1.8 24.8+09  21.8+1.1a 22.8+1.1a  22.4+1.1a 223206 22.1+14 22.8+14 23.0+¢14 22.6+0.8
2002
C N, 22.7+1.1 21.4+1.0 219+0.2 220405 260426 239409 231416  24.4+1.0 232405 21.740.5 20.8£0.9 21.9+0.5
N, 22.340.8 25.040.8 22.8+1.2 233406 214412 21.640.8 21.3+06  21.4£04  20.0403 20.140.6 21.340.1 20.4£0.3
N, 22.5+1.5 23.8+1.0 237+1.4 233+0.7 251424  22340.8 22.240.5 232409 223406 20.240.5 21.3+0.7 21.2404
Mean 22.5£06 23.4£0.7 22.840.6 229404  24.241.3de 22.640.5¢  22.240.6e 23.0£0.5 21.840.5 20.6£0.4 211403 21.2£03¢
C, N, 24.940 4 21.5+1.5 239+2.0 235409  26.1+1.6 239409 256406 252406 233402 24.9+2.4 253414 24,5409
N, 242427 25.8£1.1 24.640.4 249407 284410 29.040.8 258809  27.710.7 262413 263423 242432 25.5£04
N, 22.0+1.6 233+1.8 243433 232409  26.0+23 282417 28.1+1.0  27.4+09 26.8+4.1 253+13 25.540.6 25.9+1.2
Mean 23.7£10 23.5£1.0 24.3+1.1 23.8£0.6  26.840.9bc 27.0+1.0abc 26.5£0.6c 26.8£0.5 25.4+14 25.5+¢1.0 25.041.0 25.3£0.6b
C, N 193114 23.843.1 239417 224413 269422 285420 203+13 282410 321412 30.8+2.2 30.3+2.8 31.1£1.1
N, 28.5+1.0 252+2.6 236+1.8 258+12 236404  286+1.8 278407 26710 282412 27.9+0.7 30.4+1.7 28.8+0.8
N, 221420 237434 22.844.2 229417 25540.7  30.040.7 29.6+1.1 284£1.0 31.2417 27.040.3 3044104 29.54£0.8
Mean 23.3£16 242+1.5 235+1.4 237408  253+0.8cd 29.0+0.8a  28.9+0.6ab 27.8+0.5 30509 28.6+0.9 30.4+1.0 29.8+0.52
Mean 23.2406 23.7£0.6 23.540.6 254406  262+0.7 25.940.6 259409 24.940.8 25.540.9
N, 22.3+1.0 222+1.1 233+0.8 226405  264+1.1  254+1.0 26.0+1.1 259406 26.2415 25.8+1.6 25.4+1.7 25.8+0.9
N, 25.041.3 25.310.9 23.7+1.0 247406 245411 264+1.3 25.0412 253207 24.8+13 24.8+14 253415 24.9+0.8
N, 22.2+09 23.6+1.1 23.6+1.6 23.1+0.7 255+1.0  26.8+1.3 26.641.2 26.3+07  26.7+1.8 24.241.1 257414 25.5+0.8
*p<0.05

Sigmificant differences between cultivars and plant
densities were found for 1000 grain weight in 2001 in
Diyarbakar location. 1000 grain weights of cultivars varied
from 18.8 to 26.7 g and the greatest 1000 grain weight was
obtained at C; No mitrogen effect was found for 1000
grain weight. Plant density effect on 1000 grain weight
was significant and increased plant densities positively
affected 1000 grain weight. Similarly, there were significant
differences between cultivars in 1000 grain weight and C,
had the greatest 1000 grain weight (29.8 g) in all cultivars
in 2002. Nitrogen and plant density had no effect on
1000 grain weight in second year (Table 6). Present
findings related to mitrogen effect are not m agreement
with those of Lehmann et al. (1999).

CONCLUSION

Different nitrogen and plant density treatments
affected grain vield and some yield components in grain
sorghuni and there were significant differences among
cultivars, mitrogen levels and plant densities i most
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characteristics i this study. Generally, increased nitrogen
levels positively affected grain yield and some grain yield
components and the greatest grain yields were obtaimned
under 75 and 150 kg ha™' N application. Similarly, higher
plant densities increased gramn yields and D, (70%20 cm)
and D, (70%30 cm) gave the best results mn almost
characteristics The response of cultivars to grain yield
and yield components were changeable and dependent on
year and location. In addition, the results of first year
differed from second ones due to different clinate
conditions in locations. Therefore, higher nitrogen levels
and plant densities could be used for high grain yield in
sorghum and also high quality cultivars should be
recommended in sorghum cultivation
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