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Summary: This study was conducted to evaluate the effects of N and P fertilizations on

grain yield of triticale. Field experiments were conducted at three locations and four

locations of Sivas province during 1996-97 and 1997-98 growing seasons, respectively.

The experiment was designed in a randomized complete block design with three

replications. Five rates of nitrogen (0, 40, 80, 120 and 160 kg N ha-') and phosphorus (0,

30, 60, 90, and 120 kg P,0 ha-') were applied. The trials of nitrogen and phosphorus

were conducted separately. Nitrogen application significantly increased the grainyiel

all sites in both years. Grain yield was significantly increased by P application at all

locations in the first year and at only Uzunya~la in the second year. The highest grain

yield was obtained from different fertilizer applications depending upon sites and years.

Introduction

Triticale is a versatile crop because it can be cut for forage at early spring when hay

-supplies are normally being depleted, then the same crop can regenerate and is harvested

for grain. Triticale also combines the winter hardiness and disease resistance features of

rye with high grain yield of wheat. However triticale is a relatively new cereal and is,

thus far, produced in small quantities only. A great deal of work has been done on wheat

and barley at different regions of Turkey, but only a few study has been conducted on

triticale.

Fertilizer is an important input of both intensive and conventional management systems

of cereal. Obtaining maximum benefit from fertilization depends upon a consciousness

and an economic use of fertilizers. First of all, when fertilizers are applied to soil, plant

nutrients must be well balanced in the soil and must be given in an amount that satisfies

the plant's need. In addition, environmental factors and soil type must be taken into
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account during this process. Nitrogen and phosphorus are major plant nutrients which

limits plant growth. Therefore, efficient use of N and P is an increasingly important

aspect of crop management systems.

Cereal crops show a wide array of responses to nitrogen fertilizer applications

depending on weather, soil characteristics, water supply and the nutrient responses of

the cultivated variety (Nagy, 1997). Generally, grain yield of cereals that are grown on

soils low in fertility increases with increments of N until yield is maximized (Nielsen

and Halvorson, 1991; Ayoub et all., 1994), and additional N does either not affect

(Yagbasanlar et all., 1988) or decreases grain yield (Frederick and Marshall, 1985; GehI

et all., 1990). Some researchers report that increasing levels of N fertilizer increase the

grain yield (Lafever and Schmidt, 1972; Mazurek and Mazurek, 1974). But the highest

grain yield is obtained from different N levels. The reductions in grain yield at very high

N fertility levels may be due to lodging, increased disease frequency, or to physiological

reactions by the plant itself (Blade and Baker, 1991). Many studies have shown

interactions between N fertility levels and other environmentel factors. Water

avilability determines the crop yield response to applied N fertilizer: a positive yield

response to N fertilizer will only occur with adequate moisture supply (Fowler et all.,

1989).

Phosphorus, like nitrogen, is important in small grain production. Cereal plants without

adequate phosphorus for nornal growth are stunted and poorly tillered, the stems are

slendered and poorly rooted, the leaves are smaller and darker green than normal, and

plant maturity is delayed (Cook and Veseth, 1991). Cereals grown on calcareous soils in

a dry mediterranean environments have generally responded to P fertilizer (Matar and

Brown, 1989). Since the complicated behaviour of P in soil makes it difficult to

establish an efficient P fertilizer application policy (R6mer and Schiling, 1986),

disagreement exists on the necessary doses of P fertilizers.

Although many studies wvere conducted to determine the requirements of N and P for

wheat, barley, rice and corn, experimental data for triticale are limited. The objective of

this study was to evaluate the effect of N and P fertilizers on titicale production under

dryland conditions.
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Materials and methods

Field experiments were conducted at three sites (Altinyayla, G&Ui~k, Uzunyayla) and

four sites (Altmnyayla, Gfictk, Uzunyayla, gecik) in arki~Jla area of Sivas province,

during 1996-1997 and 1997-98 growing seasons, respectively. The annual rainfall was

417 mm in Sivas based on 62-year average. Some information on soils (0-20 cm) taken

a few days before sowing was given in Table 1.

Table 1. Physical and chemical properties of soil at the 0-20 cm layer

_________ _______1996-1997 growing period_ _ _ _ _ _ _

Texture PH Lime EC NaHCO3 extractable Organic matter
_________ _______(%) j IS/cm P20 5 mng/kg9 (%)

Altinyayla CL 7.0 1.5 344 27.1 2.0
Gecilk CL 7.4 1. 2031 48.6 2.6
Uzuntyayla CL 7.2 7. 59 127.2 2.0

_____ ~1997-1998 growing period
Altinyayla c___ ____ 24.0 859 36.8 1.1
G&iUk L___ 7_7 16.6 313 50.6 1.2

Uziinyayla CL . 3.3 547 50.2 2.3
igecik CL 7_8 17.9 394 29.7 1.6

Five rates of nitrogen (0, 40, 80, 120 and 160 kg ha-') and phosphorus (0, 30, 60, 90 and

120 kg h') were applied. The trials of nitrogen and phosphorus were conducted

separately. The experimental design for each study was a randomized complete block

design with three replications. Plot size was 2.1 by 10.0 m. "Tatlicak" triticale cultivar

was seeded at a rate of 200 kg ha`. The harvest area of each plot was 16.38 in2 . The

experiments were dirilled in the October of 1996 and 1997.

In the phosphorus experiment all plots received a fixed application of 8 kg N ha` On

the other hand in the nitrogen experiment all plots received 8 kg P 205 ha`. Full dose of

phosphate along with half dose of N were given at sowing. Remaining half of the

nitrogen was applied at jointing stage. Herbicide was applied in order to control wide-

leaf weeds at tillering stage. Grain yield after physiological maturity was determined.

All data were subjected to analysis of variance. Least significant differences (LSD) were

used to compare means.
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Results and discussion

Nitrogen trials

Nitrogen fertilizer application increased grain yield significantly at all locations in both

years (Table 2). The magnitude of grain yield response from applied N ranged from a 17

to 26 % increase in 1996-97 and from 29 to 66 % in 1997-98 growing periods at the

various sites. The variations in yield observed between sites may have been due to

factors such as the soil texture, water availability, and the soil nutrient levels (Dubetz,

1977). Applied N increased triticale yields much more in 1997-98 than in 1996-97.

Table 2. Effect of N fertilization on grain yield of triticale (kg/ha)

____ ____ ____ ____ ____ 1996-1997 growing period _ _ _ _ _ _ _

kg N/ha Altinyayla Gilcilk Uzunyayla Mean
0 2263 c* 4210 c** 3217 c* 3230 d**

40 2723 ab 4617 bc 3577 ab 3639 bc
80 2970 a 5313 a 3850 a 4044 a

120 3043 a 4763 b 3813 ab 3873 ab
160 2503 bc 4597 bc 3490 bc 3530 cd

__________ ~1997-1998 growing period ______

kg N/ha Altinyayla Gilcik Uzuyayla Igecik Mean
0 3650 c*' 3110 c**" 1910 b** 1410 b** 2523 c*

40 4380 b 3580 bc 2510 b 3260 a 3438 b
80 5130 a 4830 a 4230 a 4200 a 4600 a
120 4730 ab 4700 ab 4630 a 3800 a 4467 a
160 4760 ab 5010 a 4660 a 3300 a 4396 a

r*idicates significance at the 0.05 and 0.01 respectively.

In both years of the study the control plots not receving N fertilizer had the lowest grain

yield at all locations. Nitrogen application increased the grain yield, but the highest

grain yield was obtained from different N levels at the various locations (Table 2).

These findings are in conformity with the observations made by Lafever and.Schmidt

(1 972) and Mazurek and Mazurek (1 974). N fertilizer enhances dry matter accumulation

by all plant parts (Boatwright and Haas, 1961), hence both the vegetative growth and the

grain yield are increased. Grain yield is determined by its components, thus grain yield

response to the N application may be attributed to the responses of its components.

Increasing nitrogen significantly increased the grain yield up to optimum dose, and

application of N above the optimum level for a region decreased yield. No lodging
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occured in either year, even at the higher N rates. The reductions in grain yields at very

high N fertility levels may be due to increased inter-and intra-plant competition for light

and moisture associated with excessive N-stimulated vegetative growth (Frederick and

Marshall, 1985) and/or the increased stress during the grain fill period, a result of roots

proliferated in soil surface, which is high in N (Bruckner and Morey, 1988) or

alternatively because of limitations for other essential plant nutrients (Karen et all.

1994).

The response to N was different at the locations and in the years (Table 2). The

differences in yield between locations and years were related to differences in total

rainfall and rainfall distribution in the growing period. Water availability determines the

crop yield response to applied N fertilizer (Fowler et all. 1989) and particularly water

stress limites yield response to N fertility.

Phosphorus trials

In general, grain yields were increased with P fertilization at each site in both of the

years (Table 3). However, phosphorus increased significantly the grain yield over the

control at three locations in the first year and at one location in the second year (Table

3). 60 kg P 5 ha` in 1996-97 and 30 kg P,05 ha` in 1997-98 generally resulted in

satisfactory yields. Titicale responded significantly to P application up to 30 kg P20 5

ha'at Altinyayla, and 60 kg P2, ha1 at Giicclk and Uzuniyayla in 1996-97, and 30 kg

P 20, ha` at Uzunyayla in 1997-98 (Table 3).

Response of the crop to P fertilization was different depending on the years. Relative

response to P was small in the second year, but large in the first year. Unexpectedly,

response to P was not large and expected at Altinyayla, Gilicilk and gecik in 1997-98,

since the initial soil tests for P at all three sites were relatively low (Table 1). It could

be that in 1997-98 the precipitation and rainfall distribution (data not shown) could be

more favourable for triticale. These results might indicate that growing season

characteristics could be more important for grain yield compared to fertilization (Juric et

all. 1995).
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Table 3. Effect of P fertilization on grain yield of triticale (kg/ha)
1996-1997 growing period

kg P 20 5 /ha Altinyayla Gticik Uzurnyayla Mean
0 2340 C* 3870 c** 3210 c" 3140 d**

'30 2747 abc 4023 bc 3480 bc 3417 c
60 2960 ab, 4507 ab 3893 a 3787 ab
90 3007 a 4663 a 3867 ab 3846 a
120 2583 bc 4407 ab 3647 ab 3546 bc

1997-1998 growing period______

kg P205/ha Altinyayla Glcik Uzurnyayla 1gecik Mean
0 4300 4930 3250 b** 3860 4088
30 4800 5010 4110 a 3960 4475
60 4683 5050 4720 a 3730 4548
90 4866 4610 4450 a 3610 4388
120 4916 5250 4330 a 3700 4550

**indicates significance at the 0.05 and 0.01 respectively.

It is apparent from this study that for satisfactory grain yield 80 kg N kg ha` and 30-60

kg P20 ha` may be suggested in the drier areas of Sivas province. But ideally, the

amount of N and P fertilization should be chosen according to cultivar, level of soil

nutrients, type of soil, and microclimate.
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