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ABSTRACT

Spring wheat cv Hera, spring triticale cv Migo, spring bar-
ley cv Lot, oat cv Boryna were cultivated on a sandy soil in
north-western Poland in the years 1992-1994. Because of
insufficient rain in these years, doses of supplemental irri-
gation ranged from 160-200 mm. Overhead irrigation in-
creased the yield of wheat by 168%, of triticale by 101%, of
barley by 88% and oats by 86%. Application of irrigation
combined with high doses of NPK caused yield increases
of wheat, triticale, barley and oat by 239, 128, 114 132%,
respectively. The productivity of irrigation was enhanced in
variants treated with large fertilizer doses, and the effec-
tiveness of NPK was manyfold higher on irrigated plots.
The yield increases can be explained by better tillering,
increased number of stalks and spikes per m?, and in-
creased weight of 1000 seeds.

Key words: irrigation, NPK, sandy soil wheat, triticale, barley,
oat yield.

INTRODUCTION

upplemental irrigation, even in moderate
Sclimate, is one of the crucial means which
guarantee stable and reliable yields. Large area
of sandy soils characterized by low water re-
tention, introduction of extensive plant species
and cultivars, as well as application of high
doses of mineral fertilizers make the mainten-
tance of optimal soil moisture a necessity.
Yield failures can be also caused by uneven
rainfall, or rain deficite, particularly during
critical phases of plant growth.

Studies performed in Pomerania by
Karczmarczyk et al. (1979), Podsiadlo and
Koszanski (1995), in central and southern Po-
land by Grabarczyk et al. (1992), Zarski
(1993), Dziezyc et al. (1978), Gruszka (1978),
Panek (1976), Trybala (1968), have shown
that irrigation of cereals is purposeful. As ef-
fect of irrigation the yields increased by 20-
30%, but if combined with fertilizer doses -
reached 70-80%.
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In dry years the effects of irrigation and
fertilization exceeded 100%. It should be
stressed that, on medium soils these effects
were much smaller, and there were none on
heavy soils.

The purpose of this study was the assess-
ment of irrigation and fertilization effects on
spring wheat, spring triticale, spring barley
and oat yield, assay of the water and fertilizer
efficacy. Furthermore the content of pigments
and enzyme activity in flag leaves was meas-
ured, chemical composition and biological
value of the grain assayed and, also some
chemical and physical soil properties were
measured.

This paper pertains to the yield, and to
water and fertilizer productivity.

MATERIALS AND METHODS

The field experiments were conducted in
the years 1992-1994 on a sandy soil (humus
content 1.3-1.5%, pH 5.2-5.6). In all the years
there was a rain defficiency during vegetation,
except 1993 year after a dry April and May,
there was a rain surplus in June and July. Irri-
gation doses were: 180 - 200 mm for wheat
and triticale, 160 - 180 for barley and oat.
Only in 1993 the doses were lower (130 mm).

The experiment was a split-plot design in
4 replicates. Irrigated objects W, non-irrigated
O; and 4 fertilizer variants: 0,150 (50+40+60),
300, 400 kg NPK per 1 ha. Four spring cereals
were cultivated: wheat cv Hera, triticale cv
Migo, barley cv Lot, oat cv Boryna. The fore-
crop was a root plant, the agrotechnique -
proper for the plants. The plant’s yield and the
productivity of water and fertilizers was as-
sessed. Results were evaluated statistically by
Tukey’s test.



22

Number 7-8 / 1997

ROMANIAN AGRICULTURAL RESEARCH

RESULTS AND DISCUSSIONS

As is shown in table 1, the yield increases
of both grain and straw obtained as effect of
applied measures were significant.

Wheat reacted to irrigation the best, the
grain yield increased by 168%, that of triticale
was by 101% higher, barley by 88%, oat 86%
as compared to not irrigated. The straw yield
increases were similar.

Table 1. Yield of spring wheat, triticale, spring barley

and oat (mean of 3 years t/ha)

Spring

Sp

ring

Objects NPK Triticale Oat
Irrigation kg/ha \.Jvheat - l?arley -
grain_straw _grain_straw _grain_straw grain_straw
0 224 1.84 286 2.07 2.59 1.88 264 235
150 2.55 244 3.65 279 3.13 229 296 2.65
0 (rainfed) 300 239 262 342 291 3.11 257 324 285
450 2.56 3.17 3.17 3.28 294 288 299 2.90
Means 244 252 326 276 294 241 296 2.69
0 3.89 3.16 3.89 3.00 342 239 281 2.69
150 5.89 4.67 624 536 536 4.02 563 6.02
W (irrigated) 300 770 6.07 7.76 6.44 6.69 549 6.88 6.82
450 8.64 730 834 7.01 6.63 6.12 6.68 7.09
Means 6.53 5.30 6.56 5.45 5.53 4.50 5.50 5.66
Irrespective 0 3.07 250 338 254 301 214 273 252
of watering 150 422 356 495 4.08 425 3.16 430 434
300 5.05 435 559 4.68 490 4.03 5.06 4.84
450 5.60 523 576 5.15 479 450 484 5
LSDys:
for irrigation (W) 0.25 0.34 0.30 0.21
for fertilization (F) 0.30 0.38 0.36 0.29
for interaction (WxF) 0.45 0.52 0.42 0.39

8.3 t per ha 450 kg NPK applied for barley and
oat did not enhance their yiled on non-
irrigated plots because of lack of water,
whereas on watered plots because of logging
and grain losses during harvest (Table 3).

Table 3. Productivity of NPK (kg of grain/ 1 kg NPK)

NPK [Irriga- Spring Triticale Spring  Oat
(kg/ha) tion  wheat barley

150 o 2.10 550  3.60 1.70

W 1340 15.60 1290 18.80

300 0] 0.50 2.00 1.80 1.50

W 12.70 1290 1090 13.50

450 o 0.70 0.80 0.80 0.80

W 10.70 990 7.10  8.60

Means O 1.10 2.80 2.10 1.30

W 12.20 12.80 10.30 13.60

Interesting data are presented in table 4
which shows the combined effects of applied
treatments.

Table 4. Effectiveness of water used (kg of grain/l mm)

NPK Spring  Triticale Spring Oat
(kg/ha) wheat barley
0 94 6.3 5.1 3.8
150 20.1 15.3 13.5 17.0
300 320 249 229 22.8
450 35.7 29.7 23.6 22.9
Mean 24.3 19.1 18.8 16.6

High doses on mineral fertilizers also

caused yield increases, but only in irrigated
variants these effects were spectaular, for ex-
ample wheat gave a yield by 286% higher.
Mineral fertilization, irrispectively of irriga-
tion, caused yield increases of 50-80% (grain)
and 100-110% (straw). Again the best reaction
had spring wheat (Table 2).

Table 2. Combined effect of watering and mineral fer-
tilizing on the yield of spring cereals

Yield in- Wheat Triticale Barley Oat
crease  grain straw _ grain straw grain straw grain straw

(t/ha) com-

pared 640 546 548 494 410 424 424 474

to control

compared 6.09 4.80 4.69 422 356 383 3.92 444

to 1 NPK

(%)

compared 286 297 192 239 “158 226 161 202

to control

compared 239 199 128 151 114 167 132 168

to 1 NPK

The highest yields of wheat and triticale
were harvested from plots which had been ir-
rigated and well fertilized, those being 8.6 -

The yield increase obtained from plots
with irrigation and high fertilization, calcu-
lated in comparison to standard NPK dose
(150 kg), exceeded 6 tons in case of wheat, 5
tons triticale, 4 tons oat and 3.5 tons of barley.
If compared to the zero NPK variant, that in-
crease was even larger.

Evaluation of the fertilizer productivity

(Table 5) shows a decreasing effect of rising
fertilizer dose, but it was anyway 10 times
higher in watered variants (wheat and oat), 5
times higher in case of barley, and fourfold of
triticale.

The results obtained resemble those from
semi-arid zones, and exceed very much the
averages obtained in temperate climate. It
must be stressed though that, such big yield
increases were acquired in extreemely dry
years and from a poor sandy soil, of small wa-
ter capacity and a very low ground water level.
Similar results were reported by Grabarczyk et
al. (1992), Trybala (1968), Zarski (1993), and
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Table 5. Yield structure elements of spring cereals (means of 3 years)

Objects Tillering Weight of

Species Irrigation/NPK Plants total productive Culms Spikes 1000 grains
(kg/ha) (No/m?) (No/m?) (No/m?) €3]
o 616 1.03 0.91 636 562 39.1
W 619 1.06 0.96 655 598 41.3
Spring (0] 617 1.01 0.86 622 529 38.9
wheat 1 NPK 618 1.04 0.93 643 576 40.0
2 NPK 619 1.07 0.98 655 606 40.8
3 NPK 618 1.08 0.98 654 611 41.3
o 420 1.19 1.14 508 479 36.6
" 419 1.27 1.26 532 496 40.8
Spring o 422 1.19 1.08 501 453 37.2
triticale 1 NPK 419 1.24 1.16 517 485 38.8
2 NPK 420 1.25 1.20 522 501 394
3 NPK 419 1.27 1.23 530 511 39.5
o 348 241 1.46 836 508 40.8
Y 349 2.75 1.64 956 572 46.4
Spring barley o 351 1.95 1.31 680 459 422
1 NPK 350 243 1.57 847 549 43.7
2 NPK 346 2.94 1.66 1015 573 443
3 NPK 346 3.02 1.67 1042 578 44.2
(0] 546 1.24 1.04 672 567 32.1
W 545 1.34 1.11 732 604 333
Oat o 546 1.04 0.99 573 543 294
1 NPK 545 1.21 1.03 657 583 33.1
2 NPK 549 1.43 1.08 783 594 34.1
3 NPK 544 1.47 1.15 794 623 34.3

O =rainfed; W = irrigated
they pertain to light and very light soils in cen-
tral and Southern Poland.

Extremely dry years occur in our climatic
zone every 4-6 years, and even in average
years 10 - 15 days without any rain can hap-
pen, and should they coincide with the plant’s
critical period, the yield would be decreased.

As a factor which exerted such positive
influence on the yield, a good soil moisture
that grants a proper nutrition, leading to better
growth must be considered. So the tillering
improved, as well as the number of stalks and
ears per area unit, also the weight of 1000
grains. For example, the number of barley
stalks increased as a result of fertilization by
53%, that of spikes by 26%), tillering and 1000
grains weight were by 10-15% higher.

Undoubtedly, the applied measures
caused an increase of the plant physiological
processes, resulting in yield and the crop’s
quality increase. That will be described in the
second part of this paper.

CONCLUSIONS

As effect of supplemental irrigation the
yield of spring wheat was by 168%, of triticale
by 101%, spring barley by 88% and oats by
86% higher.

Mineral fertilization caused yield in-
creases by 82, 70, 63 and 85% respectively.
Combined effect of both treatments yielded
crops higher by 239% of wheat, 128% of triti-
cale, 114% of barley, 132% of oat.

The productivity of irrigation increased in
well fertilized variants, and the effects of NPK
applied on watered plots exceeded several
times those of nonirrigated.

The yield increases caused by the applied
measures can be explained by a better devel-
opment of the plants, which found an expres-
sion in enhanced tillering, number of stalks
and spikes per area unit and weight of 1000
grains.
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Table 1. Yield of spring wheat, triticale, spring barley and oat (mean of 3 years t/ha).
Objects Spring wheat Tritical Spring barley Oat
Irrigation NPK  grain straw grain straw grain straw grain straw
(kg/ha
)
0 2.24 1.84 2.86 2.07 2.59 1.88 2.64 2.35
150 2.55 2.44 3.65 2.79 3.13 2.29 2.96 2.65
O (rainfed) 300 2.39 2.62 342 2.91 3.11 2.57 3.24 2.85
450 2.56 3.17 3.17 3.28 2.94 2.88 2.99 2.90
Means 244 2.52 3.26 2.76 2.94 241 2.96 2.69
0 3.89 3.16 3.89 3.00 3.42 2.39 2.81 2.69
150 5.89 4.67 6.24 5.36 5.36 4.02 5.63 6.02
W (irrigated) 300 7.70 6.07 7.76 6.44 6.69 5.49 6.88 6.82
450 8.64 7.30 8.34 7.01 6.63 6.12 6.68 7.09
Means 6.53 5.30 6.56 5.45 5.53 4.50 5.50 5.66
[rresoective of watering 0 3.07 2.50 3.38 2.54 3.01 2.14 2.73 2.52
150 4.22 3.56 4.95 4.08 4.25 3.16 4.30 4.34
300 5.05 4.35 5.59 4.68 4.90 4.03 5.06 4.84
LSD, sfor irrigation (W) 450 5.60 5.23 5.76 5.15 4.79 4.50 4.84 5
for fertilization (F) 0.25 0.34 0.30 0.21
for interaction(WxF) 0.3 0.38 0.36 0.29
0.45 0.52 0.42 0.39
Table 2. Combined effect of watering and mineral fertilizing on the yield of spring cereals.
Yield increase Wheat Triticale Barley Oat
grain straw grain straw grain straw grain straw
(t/ha)compared 6.40 5.46 548 4.94 4.10 4.24 4.24 4.74
to control
compared 6.09 4.80 4.69 4.22 3.56 3.83 3.92 4.44
to 1 NPK
(%) compared 286 297 192 239 158 226 161 202
to control
compared 239 199 128 151 114 167 132 168
to 1 NPK

Table 3. Productivity of NPK (kg of grain/ 1 kg NPK)

NPK Irriga- Spring Triticale Spring Oat
(kg/ha) tion wheat barley

150 o 2.10 550 3.60 1.70
W 1340 1560 1290 18.80

300 o 0.50 2.00 1.80 1.50
W 1270 1290 1090 13.50

450 o 0.70 0.80 0.80 0.80
W 1070 990 7.10 8.60

Means O 1.10 280 2.10 1.30
W 1220 12.80 10.30 13.60

Table 4. Effectiveness of water used (kg of grain/l1 mm)
NPK Spring  Triticale Spring Oat

(kg/ha) wheat barley
0 94 6.3 5.1 3.8
150 20.1 15.3 13.5 17.0
300 32.0 24.9 22.9 22.8
450 35.7 29.7 23.6 22.9

Mean 24.3 19.1 18.8 16.6
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Table 5. Yield structure elements of spring cereals (means of 3 years)

Objects Tillering Weight of

Species Irrigation/NPK Plants total productive Culms Spikes 1000 grains
(kg/ha) (No/m?) (No/m?) (No/m?) (2)
Spring (0] 616 1.03 0.91 636 562 39.1
wheat W 619 1.06 0.96 655 598 41.3
(¢ 617 1.01 0.86 622 529 38.9
1 NPK 618 1.04 0.93 643 576 40.0
2 NPK 619 1.07 0.98 655 606 40.8
3 NPK 618 1.08 0.98 654 611 41.3
Spring (0] 420 1.19 1.14 508 479 36.6
triticale W 419 1.27 1.26 532 496 40.8
(¢ 422 1.19 1.08 501 453 37.2
1 NPK 419 1.24 1.16 517 485 38.8
2 NPK 420 1.25 1.20 522 501 394
3 NPK 419 1.27 1.23 530 511 39.5
Spring barley o 348 2.41 1.46 836 508 40.8
4 349 2.75 1.64 956 572 46.4
o 351 1.95 1.31 680 459 422
1 NPK 350 2.43 1.57 847 549 43.7
2 NPK 346 2.94 1.66 1015 573 443
3 NPK 346 3.02 1.67 1042 578 44.2
Oat (6] 546 1.24 1.04 672 567 32.1
Y 545 1.34 1.11 732 604 333
o 546 1.04 0.99 573 543 29.4
1 NPK 545 1.21 1.03 657 583 33.1
2 NPK 549 1.43 1.08 783 594 34.1
3 NPK 544 1.47 1.15 794 623 34.3

O = rainfed

W =irrigated



