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ABSTRACT

The paper presents the results of 3-year pot experiment, aimed at defining the impact of soil moisture on selected
biometric characteristics, dry matter yield and yield quality. The research covered four orchard grass cultivars,
‘Amera’, ‘Astera’, ‘Bepro’, ‘Potomac’, different in earliness, cultivated under four field water capacities (80%,
65%, 50% and 35% FWC). Tillering, leaf blade area and dry matter yield were most considerably enhanced by
moderate soil moistures, 65% and 50% FWC. However the reaction to soil moisture differed across cultivars.
‘Amera’ yielded significantly highest under 50% FWC, ‘Astera’ yielded similarly under 65% and 80% FWC,
‘Bepro’ under 65% and 50%, while the highest yield of ‘Potomac’ was obtained under 65% FWC. ‘Astera’ was
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most prolific, developed the greatest number of shoots and the greatest leaf blade assimilation area. The soil
moistures affected the contents of crude protein and water-soluble carbohydrates; the grater the soil moisture the
lower the content of protein and the higher content of carbohydrates. Early cultivars, ‘Amera’ and ‘Bepro’,
accumulated more protein and less carbohydrates than the late cultivar ‘Astera’.
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INTRODUCTION

Grasses show a high coefficient of transpiration and, therefore, in central Poland a shortage of
rainfall reduces meadow and pastureland yielding due to limited assimilation and
transpiration. Water intake and give-off by plants depend on various factors, including air
temperature, soil water availability, plant assimilation area and development phase. Soil
moisture affects nutrient metabolism. Water relations in soil regulate not only yielding but
also yield quality. Yield qualitative characteristics are significantly modified by habitat
conditions [2,9,12,14,18,21].

Currently grass species especially unaffected by a growing water deficit in agroecosystem are
becoming more and more required. Orchard grass is one of them due to its high productivity
and considerable resistance to periodical semi-draughts as well as its high adaptability to
various habitat conditions. The literature [9,11,12,13,16,20] shows that orchard grass yield
variability over successive years is very much affected by climate, rainfall in specific, which
could point to varied water requirements across cultivars.

The present research aimed at defining the effect of soil moisture on dry matter yield and
quality and morphological characteristics of selected orchard grass cultivars different in
earliness.

MATERIAL AND METHODS

The experiment, set up in the spring of 1997 and completed in the autumn of 1999, was
carried out by the Bydgoszcz University of Technology and Agriculture in 20 cm-in-diameter
pots filled with 6 kg of muck and peat soil whose pH in KCI was 6.8 and which showed a
high total N content (2.11%), a medium P content (8.84 mg'100 g of soil) and a low content
of available K (14.9 mg'100 g™ of soil).

The research covered three Polish orchard grass cultivars different in earliness: early ‘Amera’
and ‘Bepro’, late ‘Astera’ and ‘Potomac’ Canadian cultivar and four soil moistures: 80%,
65%, 50% and 35% of field water capacity (FWC) which were controlled by supplementing
pots with water to a fixed weight throughout the vegetation period.

‘Amera’ cultivar was entered in the Cultivar Register in 1983. ‘Amera’ plants are very high,
do not lodge and overwinter well. It is especially applicable to field cultivation in pure stand
or as a spring cereal intercrop. ‘Astera’ cultivar was entered in the Cultivar Register in 1993.
‘Astera’ yields in meadow-and-pasture farming are very high, plants do not lodge and show a
favourable first-cut nutritive value. ‘Bepro’ cultivar, entered in the Cultivar Register in 1981,
shows an early and rapid growth. It regrows and overwinters well generating high fresh and
dry matter yields. The plants do not lodge and are resistant to diseases and pests. ‘Bepro’ is
applicable to meadow and pasture farming [1].
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All the cultivars were fertilised with 0.5 g of N (per sward) in the form of ammonium nitrate
and 0.3 g of P in superphosphate and 0.4 g of K in potassium chloride per pot per 1% sward,
only. Four cuts were harvested each year, the 1% one over the mowing maturity and the
following after 5-6 weeks. The number and weight of shoots per pot, leaf blade area, dry
matter yield and quality were defined. An average leaf blade area was obtained by measuring
all the blades of 10 randomly sampled shoots from the second sward. The leaf blade area was
calculated with the Kemp [8] formula: p = a "b ~0.905, where p = leaf blade area, a — leaf
blade length, b — leaf blade width. The pot plant dry matter yield was defined following an
earlier drying with air desiccator at 105 °C to the fixed weight.

Chemical analysis covered the contents of crude protein, crude fibre and water-soluble
carbohydrates and was carried out with InfraAnalyzer 450 near-infrared spectroscopy. The
results were verified with the completely randomised variance analysis and with the Tukey
test at a=0.05. Figures 1-3 present LSD for the interaction between cultivar and soil moisture.

RESULTS AND DISCUSSION

The temperature over 1997-1999 was changeable (Table 1). In the first year of study (1997)
mean air temperature April through September was lower than and in 1998 equalled the
multi-year mean. In 1999 vegetation period mean air temperature was much higher.
Changeable temperature conditions over years affected the orchard grass tillering. According
to Garwood [5], orchard grass requires high tillering temperature of about 20°C.

Table 1. Mean daily air temperature distribution over 1997-1999 vegetation

periods, °C
‘ Years ‘ April ‘ May ‘June July |August ||September | April -
September
1997 | 47 | 115 | 160 | 177 | 199 | 132 | 138
1998 | 93 | 138 | 166 | 167 | 155 | 127 | 141
1999 | 86 | 122 | 165 | 200 | 174 | 156 | 15.0
‘ 1949- ‘ 7.2 ‘ 12.7 ‘ 16.2 ‘ 17.8 ‘ 17.4 ‘ 13.2 ‘ 14.1
1995

The number of shoots developed by orchard grass cultivars when exposed to varied soil
moistures ranged from 48.1 to 75.4 per pot (Fig. 1); the greatest was recorded for ‘Astera’
(75.4), then ‘Amera’ (68.7), ‘Bepro’ (66.4) and ‘Potomac’ (57.8). ‘Astera’ was also among
the most tillering orchard grass cultivars studied by Lyszczarz et al. [13]. The present research
showed that moderate soil moisture (65% and 50% FWC) was the most favourable for
orchard grass tillering. A significantly lower number of shoots was recorded under extreme
moistures, both highest (80% FWC) and lowest (35% FWC). There was observed an
interaction between cultivars and soil moistures studied. ‘Amera’ and ‘Bepro’ developed
fewer shoots under 80% and 35% FWC, ‘Astera’ reduced tillering under draught (35% FWC)
significantly, while ‘Potomac’ produced more shoots under a higher soil moisture (65% and
80% FWC). Also Rutkowska [19] confirms unfavourable effect of draught on orchard grass
tillering.

The mean dry matter weight of a single ‘Amera’, ‘Astera’ and ‘Bepro’ shoot differed slightly
and ranged from 11.6 to 11.9 mg (Fig. 2), while ‘Potomac’ single shoot dry matter weight was
much lower and amounted to 9.8 mg. 65% and 80% FWC enhanced the single shoot weight
of most cultivars, except ‘Potomac’, while 50% and 35% FWC decreased mean shoot weight
by an average of about 9%.
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Fig. 1. Impact of soil moisture on the mean number of shoots
in orchard grass cultivars
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Fig. 2. Impact of soil moisture on the mean shoot weight
in orchard grass cultivars
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An average leaf assimilation area was cultivar and soil moisture specific (Fig. 3). The biggest
orchard grass leaf blades were developed under 50% and 65% FWC, 50% FWC for ‘Amera’
and ‘Potomac’ and 65% for ‘Bepro’ and the biggest ‘Astera’ leaf blade area was noted for
80% FWC; all of which points to varied water requirements of orchard grass cultivars. In the
present research 35% FWC limited the leaf blade area and leaf length of all cultivars. Nelson
and Sleper [17] claim that grass leaf area depends mainly on leaf length. Mikotajczak [15]
showed an increase in orchard grass leaf blade area along with an increase in soil moisture
from 40% to 80% FWC.
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Fig. 3. Impact of soil moisture on the mean leaf blade area in orchard grass cultivars
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Dry matter yields over successive cuts differed significantly; the highest was obtained in the
1* cut (Table 2). ‘Astera’ turned out to be the most productive of all the cultivars studied and
its dry matter yield was 75% higher than that of the lowest yielding ‘Potomac’. Other
cultivars e.g. ‘Amera’ and ‘Bepro’ yielded similarly. On average, the highest orchard grass
dry matter yields were obtained under 65% and 50% FWC while increasing FWC to 80%
resulted in a significant decrease in yield, whereas lowering to 35% - an even significantly
lower yield than the latter. Kasperczyk and Szewczyk [7], Moraczewski et al. [16] as well as
Rutkowska and Lewicka [20] claim that moderate soil moisture is most favourable for orchard
grass yielding as both shortage and excessive amount of water are responsible for poor soil
nutrient consumption [6,20]. The present research showed a varied orchard grass cultivars
yielding due to a varied soil moisture. The ‘Amera’ annual mean dry matter yield was
significantly higher under 50% FWC and ‘Astera’ yielded similarly under 80% and 65%
FWC while ‘Bepro’ under 65% and 50%. The highest ‘Potomac’ dry matter yield was
recorded under 65% FWC. Lyszczarz et al. [13] also reported on early orchard grass cultivars
yielding higher over drier years and on late ‘Astera’ yielding higher under higher rainfall.

Table 2. Impact of soil moisture on the mean orchard grass cultivar dry matter
yield, g per pot

Cultivar | FWC, % | Cuts Mean for

| Y cut
Amera | 80 1638 | 587 | 481 | 417 | 531

| 65 1 6.68 | 533 | 500 448 | 540

| 50 | 656 | 638 | 583 | 455 | 583

| 35 | 578 | 493 | 484 | 408 | 491

| Mean 1635 | 562 | 514 | 432 | 536
Astera | 80 1828 | 745 | 720 | 570 | 7.8

| 65 | 7.92 | 825 | 741 | 603 | 7.40
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| 50 | 720 | 743 | 7.09 | 493 | 6.66
| 35 | 724 | 697 | 587 | 424 | 6.8
| Mean | 766 | 745 | 689 | 523 | 6.81
Bepro | 80 612 | 559 | 481 | 373 | 506
| 65 | 665 | 688 | 498 | 402 | 563
| 50 697 | 599 | 532 | 345 | 543
| 35 | 470 | 459 | 505 | 323 | 4.39
| Mean 611 | 576 | 504 | 361 | 5.3
Potomac | 80 | 585 | 351 | 301 | 190 | 357
| 65 | 765 | 453 | 388 | 220 | 457
| 50 1630 | 383 | 384 | 245 | 411
| 35 | 550 | 344 | 273 | 195 | 333
| Mean 1633 | 375 | 336 | 213 | 3.90
Mean for FWC:
80% 666 | 553 | 496 | 3.88 5.26
65% 723 | 625 | 534 | 4.18 5.74
50% 676 | 591 | 552 | 3.85 5.50
35% 581 | 490 | 462 | 3.38 4.68
Mean 662 | 565 | 511 | 3.82 5.30
LSDg o5 for:
Cultivars 051 | 038 | 045 | 037 0.33
Soil moisture 051 | 038 | 045 | 037 0.33
Interaction between 1.02 0.96 0.90 0.74 0.66
cultivars and soil
moisture

Generally, the soil moisture did not affect the orchard grass dry matter yield distribution over
the vegetation period, however there was observed a varied yield distribution across the
cultivars (Fig. 4). The 1* cut yield in ‘Amera, ‘Astera’ and ‘Bepro’ accounted for about 29%
while in ‘Potomac’ more than 40% of the annual dry matter yield. The share of the 2" and 3™
cut dry matter yield of all the cultivars ranged from 22% to 28%, on average. The 4" cut dry
matter yields were lower, especially in ‘Potomac’ (over three times lower than in 1% cut). In
conclusion, ‘Amera’ and ‘Bepro’, early orchard grass cultivars, developed better under
moderate soil moisture (50% and 65% FWC) and must have consumed less water for dry
matter production due to a lower leaf blade area and hence a lower transpiration area, whereas
a higher soil moisture, 65% and 80% FWC, were more favourable for mid-early ‘Astera’.
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Fig. 4. Impact of soil moisture on the share of dry matter yield
from subsequent cuts in annual yield of orchard grass cultivars
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Plant nutritive value is made up of contents of crude protein, crude fibre and water-soluble
carbohydrates. Generally, the cultivars studied contained enough protein and crude fibre and
showed a low content of carbohydrates [4]. The crude protein content in orchard grass dry
matter ranged from 143 to 180 gkg' (Fig. 5). Early cultivars, ‘Amera’ and ‘Bepro’,
accumulated most, ‘Potomac’ less and late ‘Astera’ the least protein.

Fig. 5. Impact of soil moisture on the mean content of crude
protein in orchard grass cultivar dry matter

185

180 o
175 "‘\\ ‘0\
170 \\

z
E
= 1646
h=]
- 180
‘o
=
w165
m ] — Amera
150 -+ Astara
—+= Bepro
146 —a- Potomac
140 — I‘u1ean.
345 a0 B5 20 of cultivars

Soil moisture, Pw/C (%]

The highest accumulation of water-soluble carbohydrates was observed in ‘Astera’ (60.4 g kg
') while the lowest — ‘Bepro’ (52.5 g'kg'1 of dry matter) (Fig. 6). Reports by Kozlowski et al.
[10] show a considerable variation in the sugar content across orchard grass cultivars and
classify ‘Bepro’ as a low sugar content cultivar. Soil moistures researched were responsible
for different crude protein and water-soluble carbohydrate contents. 80% FWC resulted in a
lower crude protein content and in a higher carbohydrates content as compared with 35%
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FWC. However crude fibre content was not affected by soil moistures and ranged across
cultivars from 202 to 228 g'kg'1 of dry matter (Fig. 7). The results obtained only partially
coincide with the literature data. According to Proficzuk [18], early grass species show a
higher protein and fibre contents than the late ones. Dgbska-Kalinowska [2] observes higher
contents of both protein and sugars when exposed to dry soil conditions, which was not found
in the present research. Neither did the present research record an impact of soil moisture on
orchard grass crude fibre content. However Dg¢bska-Kalinowska [2] and Martyniak and
Szymczak [14] show that the fibre content in grass is considerably affected by soil moisture.
A high ground water level, and hence adequate soil moisture in rhizosphere, makes a lower
crude fibre content possible. Thorvaldsson and Fagerberg [21], on the other hand, say that soil
moisture affects more the protein content than the crude fibre content since water shortage
delays shoot development and plant ageing, which enhances the nutritive value of animal
feed.

Fig. 6. Impact of soil moisture on the mean content of water-
soluble carbohydrates in orchard grass cultivar dry matter
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Fig. 7. Impact of soil moisture on the mean content of crude fibre
in orchard grass cultivar dry matter
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Generally, ‘Amera’ and Bepro’, early orchard grass cultivars, developed better under
moderate soil moisture (50% and 65% FWC); even though the leaf assimilation area was
smaller, the transpiration area was also smaller, and, therefore, plants could have consumed
less water. Higher soil moisture was more favourable for development of the later ‘Astera’
cultivar. One shall stress that the highest yielding ‘Astera’ cultivar yielded higher under semi-
draught conditions than the other cultivars studied. The contents of crude protein and crude
fibre were sufficient while the content of water-soluble carbohydrates was low as compared
with Falkowski et al. [4]. Varied soil moistures affected only the contents of crude protein and
of water-soluble carbohydrates in feed.

—_
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CONCLUSIONS

Soil moisture affected orchard grass tillering, leaf blade assimilation area, yielding and
yield quality across cultivars.

‘Amera’ and ‘Bepro’, early orchard grass cultivars yielded higher under moderate soil
moisture (50% and 65% FWC), while late ‘Astera’ yielded similarly under 65% and
80% FWC. The highest ‘Potomac’ dry matter yield was obtained under 65% FWC.
Out of all the orchard grass cultivars studied, it was ‘Astera’ which yielded highest,
developed leaf blades of the greatest area and showed a higher water-soluble
carbohydrates content.

An increase in soil moisture coincided with crude protein decrease and water-soluble
carbohydrates increase in dry matter. ‘Amera’ and ‘Bepro’ showed a higher crude
protein content and a lower water-soluble carbohydrate content than those observed in
late ‘Astera’ cultivar.
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