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Abstract

An experiment was conducted in the experimental field of Rajshahi University Campus, Bangladesh during
the rabi season of 2004-2005 to study the growth attributes of four varieties of barley (BARI Barley-1, BARI
Barley-2, BHL-3, BL-1) in relation to different soil moisture regimes and NPK fertilizers. Three levels of
irrigation (lo, I, I2) and four levels of NPK fertilizers (Fo, F1, F2, F3) were adopted in split-split plot design with
three replications. Total dry matter (TDM), leaf area index (LAI) and crop growth rate (CGR) were increased
with increasing number of irrigations. Net assimilation rate (NAR) fluctuated but in most of the cases, it was
highest and lowest in the |2 treatment at the first and last harvest. With few exceptions, lo treatment had the
highest and lowest leaf area ratio (LAR) at the first and last harvest, respectively. The highest and lowest
TDM, LAl and CGR were in the F3 and Fo treatment, respectively. NAR was higher in the fertilized plant
than in the control plants. The highest and the lowest LAR were in the Fo treatment at the first and last
harvest, respectively. Most of the growth attributes were higher in BHL-3.
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Introduction

Barley (Hordeum vulgare L.) is the fourth grain crop both in area and production in the world after maize,
wheat and rice. In Bangladesh, it is grown as rabi crop and ranks third after rice and wheat as supplementary
food and fodder crops (FAO 2002). It has the potential to become one of the important cereal crops in
Bangladesh. Productivity of this crop is very poor compared to that of the other countries. Improved cultural
practices such as proper land preparation, time of sowing, use of optimum doses of fertilizers and irrigation
may raise the yield of this crop.

The present investigation was undertaken to assess optimum irrigation frequencies and to find out economic
and optimum doses of N, P and K fertilizers as well as suitable variety of barley with respect to crop growth
stages for ensuring better growth and higher yield.

Materials and Methods

The experiment was conducted in the experimental field of Rajshahi University Campus (Agro-ecological
zone 11), Bangladesh during the period from November 2004 to March 2005. Four varieties of barley, BARI
Barley-1, BARI Barley-2, BHL-3 and BL-1 were taken. The soil of the field was silty loam, having pH 7.5 and
35% of field capacity. The experiment was arranged in split-split design with three replications. Each
replicated field was divided into three main plots for irrigation treatment. Each main plot was divided into four
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sub-plots for fertilizer treatment. Each sub-plot was lastly into four sub-sub plots for four varieties of barley.
Three levels of irrigation treatments were adopted, viz., rain fed (lo), 20 mm irrigation (l1) and 40 mm irrigation
(I2) at every 30 days interval for three times during the growing period. Four levels of fertilizer treatments
were used. NPK levels (kg/ha) for N as urea were 0, 40, 80 and 120; for P as TSP were 0, 25, 50 and 75 and
lastly for K as MP were 0, 15, 30 and 45. These recommended basal doses of fertilizers were applied as Fo,
F1, F2 and F3 at each split plot before sowing. Each split plot size was 4.0 m x 1.8 m, i.e., 7.2 m2 having a plot
to plot distance 1 m to the north-south, 2 m to the east-west; replication to replication distance was 2 m, row
to row 20 cm and plant to plant 5 cm. Border rows were considered because of the border effect. Necessary
inter-cultural operations such as weeding, expelling the birds and rats were adopted and no fungicides or
insecticides were used. After seedling emergence, seedlings were thinned to uniform and desirable number of
plants. For this, two weeding were done manually, one at 30 days after sowing (DAS) and the other at 60 DAS.

For growth analysis, plants were harvested at 10 days intervals and the first harvest was taken at 20 DAS.
Using the spreadsheet analysis program Microsoft Excel Version 7.0, various growth attributes were
calculated from leaf area and dry weight data. Statistical analysis was carried out according to Gomez and
Gomez (1984).

Results and Discussion

Effect of irrigation: Total dry matter (TDM) was higher in the irrigated plants than in the rainfed plants (Table
1). l2treatment had the highest TDM. Similar results were reported in wheat by Simane et al. (1993), Sarker
et al. (1996), Sarker and Paul (1997), Nahar and Paul (1998) and Rahman et al. (2001). TDM increased
slowly at the early stages of growth and then increased rapidly with the advancement of plant age. The
cause of rapid increase of TDM at the later stages was possibly due to the development of a considerable
number of late tillers. Similar result was reported in wheat by Talukder (1987) in wheat. Irrigated plants had
higher LAI than the control plants (Table 1). Similar results were reported in wheat by Nahar and Paul (1998)
and Siddique et al. (1999) and in barley by Kirby (1969). The highest LAl was produced by the highest
irrigation (I2 treatment). Starting from a lower value, LAl reached in a certain value and then declined with
plant age. The increase of LAl occurred due to the increase of leaf expansion in the irrigated plants. Increase
in soil moisture resulted in increased turgor pressure in the cells and turgor forces played a part in the
process of leaf expansion. Compared to the control, CGR was higher in the irrigated plants (Table 1). The
highest CGR was in the plants grown under the highest |2 treatment of irrigation. CGR increased rapidly at
the early growth stages and reached the highest value at 60-70 DAS and thereafter, it declined. Similar trend
of the effect of irrigation was also observed by Sarker et al. (1996), Sarker and Paul (1998) and Nahar and
Paul (1998). Lower NAR was in the irrigated plants than in the control. Decreased NAR due to irrigation was
also noticed in wheat by Saha and Paul (1995), Sarker and Paul (1998) and Nahar and Paul (1998). NAR of
lo and |1 treatments declined very slowly from early higher value, increased again and finally reached its
higher value. But NAR of |2 treatment declined throughout the whole growing season. LAR at the initial stage
was higher in the rainfed plants than in the irrigated plants and at later stage, it was reversed, i.e., the rainfed
plants had higher LAR than the irrigated plants (Table 1). Similar results were reported by Nahar and Paul
(1998) in wheat. LAR was maximum at 20 DAS and decreased steadily with increasing plant age. It might be
due to the abscission of mature and older leaves at the later growing stages. Similar results were reported in
sugar beet, potato and barley by Thorne (1960) and in wheat by Saha and Paul (1995).
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Table 1. Mean values of TDM, LAI, CGR, NAR and LAR as affected by different irrigation regimes at different
growth stages.

Days after sowing

Irrigation 20 30 40 50 60 70 80 90
TDM (g m?)
lo 4.09 9.66 21.07 41.78 74.61 119.83 173.76 230.24
I 4.23 11.40 27.74 59.73 112.71 185.93 269.04 345,52
l2 4.38 14.06 38.48 88.84 172.20 279.69 380.63 435.25
LAl
lo 0.15 0.31 0.57 0.91 1.23 1.41 1.38 1.13
I 0.15 0.37 0.82 1.50 222 2.68 2.60 2.03
l2 0.15 0.50 1.15 2.32 3.64 4.40 4.08 2.91

20-30 30-40 40-50 50-60 60-70 70-80 80-90
CGR (g m2day")
lo 0.56 1.14 2.07 3.28 452 5.39 5.65
I 0.72 1.64 3.20 5.30 7.32 8.31 7.65
l2 0.97 244 5.04 8.34 10.75 10.10 5.46
NAR (g cm2 day') x 104
lo 1.93 1.90 1.95 2.18 255 3.35 493 8.68
I 2.33 2.08 2.00 2.08 240 313 473 8.33
l2 2.70 2.30 220 2.10 1.90 1.45 0.20 -2.88
LAR (cm2 g7)
lo 368.90 327.09 27217 212.95 157.03 109.44 72.27 45.35
I 350.67 32912 288.45 236.12 180.54 128.90 85.90 53.41
l2 343.57 314.37 279.41 235.84 186.60 137.45 93.93 59.51

Table 2. Influence of fertilizer on mean values of TDM, LAI, CGR, NAR and LAR at different growth stages.

Days after sowing
Fertilizer 20 30 40 50 60 70 80 90
| TDM (gm?) |
Fo 3.20 6.16 11.78 21.92 39.15 67.01 110.76 179.90
F1 4.05 11.15 27.13 57.90 107.87 174.97 246.98 303.88
F2 4.45 13.53 34.83 77.08 145.84 235.32 323.76 380.86
F3 5.12 15.97 42.65 96.90 186.50 303.25 416.40 483.48
LAI
Fo 0.14 0.20 0.26 0.32 0.36 0.38 0.36 0.32
F1 0.14 0.36 0.84 1.52 2.25 2,67 2.54 1.95
F2 0.15 0.44 1.04 1.97 2.99 3.59 341 2.58
F3 0.16 0.50 1.25 248 3.87 4.69 442 3.25
20-30 30-40 40-50 50-60 60-70 70-80 80-90

CGR (g m2 day-)
Fo 0.30 0.56 1.01 1.72 2.79 4.38 6.91
F1 0.71 1.60 3.08 5.00 6.71 7.20 5.69
F2 0.90 213 423 6.88 8.95 8.84 5.70
F3 1.09 2,67 543 8.97 11.68 11.32 6.71

NAR (g cm2 day-') x 104
Fo 1.40 1.85 2.50 348 5.15 8.08 13.83 26.68
F1 2.38 2.00 1.80 1.60 1.45 1.10 0.38 -1.48
F2 2.53 218 1.90 1.63 1.30 0.78 -0.33 -2.83
F3 2.85 233 2.00 1.63 1.28 0.63 -0.70 -3.58

LAR (cm2 g)
Fo 427.36 324.76 234.01 158.43 100.41 59.65 33.43 17.90
F1 343.28 335.83 305.35 257.83 202.03 146.85 98.98 61.85
Fa 334.55 323.94 293.90 249.47 197.87 146.53 101.27 65.31

Fs 312.32 309.58 286.78 247.50 198.59 148.00 102.46 65.97
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Effect of fertilizer: TDM was higher in all the fertilized plants than in the control plants (Table 2). Increased
fertilizer level increased TDM. Fs treatment had the highest TDM. Similar trends of the effect of fertilizer were
also observed in wheat by Srivastava and Mehrotra (1980), Awasthi and Bhan (1993) and in barley by Hooda
and Kalra (1981), Misra et al. (1982), Verma and Singh (1989), Grashoff and D’Antuono (1997), Natr (1997),
Sonmez (2000), Alam et al. (2005) and Alam and Haider (2006). Higher LAl was in the fertilizer levels than in
the control.The highest LAl was in highest (F3) treatment. Similar results were reported in wheat by Khalifa
(1973) and Awasthi and Bhan (1993) and in barley by Hruska and Labounck (1979), Spunarova and
Zenisceva (1985), Awasthi and Bhan (1994), Grasshoff and D’Antuono (1997) and Alam and Haider (2006).
The increase of LAl was due to the favourable synthesis of growth favouring constituents in plant system due
to better supply of fertilizers, which led to the enlargement of leaf area. The depletion of LAl at the later
stages was possibly due to the senescence and abscission of the older leaves. Similar result was reported
by Boonchoo et al. (1998) in barley. Higher CGR was in the fertilized plants than in the control (Table 2). This
result is in agreement with crop like wheat by EI-Shaer et al. (1979) and Kumar et al. (1995). LAR declined
throughout the whole growing season. Similar result was also noticed in barley by Alam and Haider (2006).

Table 3. Effect of variety on mean values of TDM, LAI, CGR, NAR and LAR at different growth stages.

Days after sowing

Variety 20 30 40 50 60 70 80 90
TDM (g m2)
BARI Barley-1 419 11.57 28.79 62.85 118.80 193.48 272.00 333.53
BARI Barley-2 419 11.63 29.06 63.61 120.39 196.03 275.16 336.49
BHL-3 4.32 11.87 29.35 63.77 120.22 195.73 275.72 339.43
BL-1 4.24 11.74 29.18 63.57 119.95 195.31 275.02 338.57
LAI
BARI Barley-1 0.15 0.15 0.38 0.84 1.56 233 2.78 2.63
BARI Barley-2 0.15 0.38 0.85 1.58 237 2.84 2.69 2.02
BHL-3 0.15 0.38 0.85 1.59 240 2.88 2.74 2.08
BL-1 0.15 0.38 0.84 1.56 2.36 2.82 2.68 2.02

20-30 30-40 40-50 50-60 60-70 70-80 80-90
CGR (g m2 day-)
BARI Barley-1 0.74 1.72 3.41 5.60 747 7.85 6.15
BARI Barley-2 0.75 1.74 3.46 5.68 757 791 6.13
BHL-3 0.76 1.75 344 5.65 7.55 8.00 6.37
BL-1 0.75 1.74 3.44 5.64 7.54 7.97 6.36
NAR (g cm2 day-') x 104
BARI Barley-1 2.25 2.08 2.05 2.08 233 2.65 3.28 453
BARI Barley-2 2.28 210 2.05 2.10 2.30 2.63 3.25 453
BHL-3 2.30 2.08 2.05 2.05 225 2.60 3.23 463
BL-1 2.33 210 2.05 210 2.30 2.70 343 5.13
LAR (cm2 g)
BARI Barley-1 358.03 325.31 280.35 227.71 173.67 124.12 83.03 51.94
BARI Barley-2 356.96 324.55 280.01 227.82 174.18 124.86 83.84 52.72
BHL-3 347.73 321.57 281.01 230.81 177.50 127.62 85.70 53.74
BL-1 354.80 322.68 278.61 226.87 173.55 124.45 83.58 52.54

Effect of variety: Among the varieties, BHL-3 produced the highest TDM (Table 3). The lowest TDM was in
BARI Barley-2. The highest LAl was in BHL-3 and the lowest LAl was similar in the remaining three varieties.
The highest CGR was also in BHL-3 and BARI Barley-1 had the lowest CGR. The highest NAR was in BL-1
and the lowest was in the other varieties. Irrigated and NPK fertilized crops gave better performance than the
rain fed crops. The highest TDM, LAl and CGR were being observed at |2 irrigation (40 mm) and Fs fertilizer
level (120,100, 60). Higher growth and growth attributes were in BHL-3 than the other varieties.
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