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The changes of water content in a soil profile under winter wheat were studied
in a field experiment. The study was carried on in Prague-Ruzyné& on a de-
graded chernozemic soil in the years 1996-1999. Two treatments, unfertilized
and fertilized with nitrogen, were observed. Rooting distribution and depth
were determined by washing soil taken by soil auger and measuring root
length. The apparent depletion of water from subsoil layers, as reflected in the
decrease of water content during growth, varied among years. Wheat crop
utilized water to at least 70 cm depth without restriction under given condition.
The depletion of layer 70-90 cm and 90-120 cm varied in years depending on
water supply in top soil by precipitation, crop growth and rooting depth. The
water supply under 120 cm was partially available only in the year 1997 in
that wheat had a high root density in deep subsoil layers. The amount of water
depleted from layers 70-90 cm, 90-120 cm and 120-150 cm ranged in experi-
mental years between 6-20 mm, 8-22 mm a and 2-13 mm, resp.

soil water; moisture; precipitation; water depletion; root depth; nitrogen; winter
wheat

NTRODUCTION

Crops extract water from various depths of soil profile depending on plant
eer?\land’ root depth and distribution and water availability in a soil. Even in
tedperate climate zone the-growlh and yleld of hi.gh-ylclding.crops are lim-
The Hi’a“./ater sho.rt.age. dum}g a part of the growing season In some years.
i gmvjtlll:lpm utilization gf water supply accu1nulatqi in soil is important
o In such dry periods. The 10cm layer of soil represents from 12 1

=2 : . . <
‘M~ of potentially available water that may play an important role in
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critical stages of crop development, for example, during grain filling (B -
raclough etal, 1989; Zhang-JianHua etal, 1998).

The degree of depletion of subsoil layers depends chiefly on crop demapg
available water distribution in a soil profile during growth and rooting Dati
tern. There is a lack of data on root density and water or nutrient depletion
from sparsely rooted deep soil layers. Further, the relation between Toog
density and water uptake is not straightforward. The information on the g
pletion of deep subsoil is important for reliable estimation of available wate,
supply in irrigated crops and for water stress modelling (Cabelguenny e,
Debaeke, 1998; JTamieson, Ewert, 1999). The possible agrotechp;.
cal measures for increasing water and nitrogen uptake from subsoil are of
interest because of both, economical and environmental reasons (Kuhlmap
et al., 1989).

The objective of the study was to compare water depletion from subsoj|
layers and rooting depth of winter wheat.

MATERIAL AND METHODS

Winter wheat’s (cv. Samanta) growth, rooting depth and water distribution
in a soil profile were studied in a field experiment at Prague-Rgzyné; de-
graded chernozemic soil, altitude 340 m, long term average precipitation and
temperature: 450 mm per year and 7.8 °C, resp. (Haberle et al, 1997).
Daily precipitation was recorded in a near (150 m) meteorological station.
Main characteristics of the soil are given in Table I (M atula, unpublished).
Two treatments were observed; unfertilized with N and fertilized with 100 kg
N.ha™'. Only average values of soil moisture and root length are shown here

1. Basic characteristics of soil (Prague-Ruzyng)

Clay content Coarse fraction Soil density Field capacity
Depth (em) ") 01 mm (%) | 0.1-2 mm (%) gem™) (vol. %
0-30 52.6 8.3 1.30 353
30-50 56.0 5.4 1.43 36.0
50-70 52.1 9.2 1.55 35.1
70-90 50.7 13.4 1.55 36.9
90-120 559 13.2 1.65 37.2
120-150 53.8 18.7 1.60 nm
150-190 51.9 13.9 1.60 nm____J
nm — not measured
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s the differences between treatments were small. Soil was sampled in 10 to
gO cm layer increments to the d.epth of 150~170 cm for soil gravimetric water
contem. There were ¥h1.'e.e repllcalc.s pf?l‘ treatment. Standard errors are not
shown to improve legibility of data in Flg. 1. The coefficient of variation was
mostly under 12%. The f\ppareqt depletion of water was derived as the de-
crease of water .conten.t In a .soxl layer during growth, calculated from soil
moisture and soil den‘sny. Soil was sampled in 10 cm increments about an-
thesis, TOOtS washed from soil, cleaned and their length and dry weight were
determined (Haberle, Svoboda, 1996).

RESULTS AN DISCUSSION

The changes of soil moisture in a soil profile in four years are shown in
Fig. 1. Winter wheat crop quickly depleted available water from top soil and
adjacent subsoil layers down to 50 or 70 c¢m during fast growth from full
tillering. The depletion of water supply from deeper soil layers delayed in
comparison with above layers as expected from the progress of root growth
to subsoil. In previous experiments in loamy-sand soil at Pernolec at Tachov
(Haberle etal, 1996; Haberle, Svoboda, 1996) and brown soil in
Ruzyné (unpublished) in 1993-1995 we found that winter wheat roots
reached the depth 60-90 cm about heading and anthesis. In the most of field
experiments authors also found that the available soil water in the zone above
60-80 cm could be fully extracted by wheat crop (Barraclough et al.,
1989; Cabelguenne, Debaeke, 1998).

The amount of water depleted from layers 70-90 cm, 90-120 c¢cm and
120-150 cm, calculated as the difference between the highest supply at spring
and the lowest water content during growing season, ranged in experimental
years between 6 and 20 mm, 8 and 22 mm, and 2 and 13 mm, resp. We
observed the most dense and the deepest roots in subsoil in 1997 (Fig. 2). The
Water extraction from deep subsoil was the most intensive in 1997, as well
(Table II). In the year the highest dry weight of wheat crop in the experiment
Was reached suggesting a high demand for water. A high content of mineral
Nin deep subsoil layers in 1997 (Haberle et al., 1997) might stimulated
10t proliferation (Haberle et al., 1998) but there was a high content of
Mineral N in 1996, as well, and the root depth was less than in 1997. In a dry
Year 1999 the total root length in a whole profile was less than in 1997 but
WSIITOQt length in deep soubsoil layers was similar (Fig. 2). It corresponds

With apparent depletion of water from the layers (Fig. 1, Table II).
of “l,‘e Ccomparison of thc years 1996 and 1998 shows the modifying effect
Subs()a'ter supply (precipitation) during growth on the depletion of a deep
1l water supply. The root length under 80 cm was greater in 1996 than
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in 1998 yet the depletion from under 90 cm was higher in 1998 than 1996
(Fig. 1, Table II). We suppose that it was caused by a stable precipitatio?
during May and June 1996 and less demand of wheat crop for water due 10
a reduced growth (infestation by Tilletia caries). In spite of the less deman
for water in 1996 the supply of mineral nitrogen under 90 cm was deplete
by wheat roots in the year (Haberle et al., 1997), while in the O'thef
experimental years the maximum depth of N and water depletion colﬂclS
dented. The same effect, i.e. uptake of nitrogen from rooted subsoil layer
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;. S'O-il Water content in a soil profile under winter wheat crop (in %, g.g_'). Average of nitrogen
ertilization treatments. Daily precipitation in experimental years in Prague-Ruzyné (in mm)

Withoyt depletion of water, was observed in an irrigated wheat by Kuhl-

lgnrgwn et al. (1989). Generally., the drought stimulates to some extent the root

rac]th to depth and depletlol? of sgbsoil reserves of water (e.g. Bar-

e W‘?ﬂlll gh et.al.‘, 1989). Relatively high root density in subsoil in compari-

o Spr; top soil, in 1998 (no; shp\yn) was cgused by the dryness of top layers

o ng 1998 (Fig. 1) that 1ph1b1ted tillering and the growth of secondary
and stimulated root proliferation in a deep moist subsoil.
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II. The apparent depletion of water from subsoil (in mm of water)
Soil layer (cm) 1996 1997 1998
70-90 6.4 18.7 11.7
90-120 8.4 22.3 9:5
120-150 1.7 12.6 43

We observed some decrease of water content under 120 cm (Fig. 1) and
also in layer 150-170 cm (not shown), especially, in 1997 even though w,
did not find roots in that depth (similarly Weir, Barraclough, 198¢)
We suppose that capillary rise and diffusion of water to quickly depleteq
above layers contributed to that decrease, however, that could be hardly
quantified. Also, we observed individual root axis growing under 120 ¢y
depth via macro(bio)pores in wall profile performed before harvest. The
uptake of water by these roots which had not a tight contact with bulk soj]
is uncertain. Generally, the roots of cereals stop growing after anthesis but
their youngest, i.e. deepest part may be still functioning. We observed guta-
tion of the deepest vital root tips of wheat crop exposed in a profile wall in
a wheat crop at dough stage. Some losses of the water from. unrooted deep
layers may be caused by water vapor through macropores during drpught but
there were macropores present in all experimental years. The possible c_ffect
of greater spatial root variability and a higher proportion of coarsc parﬂgles
in the deepest layers on sampling errors should be considered in such studies,
as well.

The calculation of apparent water depletion from individual soil layers
from simple balance could be affected by water transport between the layers.
From the changes of water content during wheat growth (Fig. 1) comes that
almost no recharge of subsoil layers under 50 cm or 70 cm could be observed
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. the years 1997-1999. Cabelguenne and Debaecke (1998) con-
1I11uded from twenty years results with several crops that water movements
¢ of minor importance below 60 cm during the growth. Dry depleted top
Jayers: together with a high water consumption from these densely rooted
Jayers: prevented_ leaching to a‘deeper subsoil in our experiment. If there was
some recharge of deep layex_'s for example by by-flow the actual water uptakq
from the layers W()uld be hlgher Fhan app.zu:ent‘ one. There was a recharge of
fayer 70-90 cm in 1996 with a high premp.ltatlon and less dcmanq for water
put not below the depth. However, a possible short-term fluctuation of soil
moisture as a result of a pulse of water from by-flow and following fast
uptake could not be recorded without daily monitoring of soil moisture.

The nitrogen fertilization increased a little the water depletion in top soil
and adjacent subsoil layers (not published). The opposite effect could be
observed in deep layers, probably, in relation to a slightly higher root density
in the deepest layers at unfertilized crop in some years. However, the differ-
ences between N fertilization treatments were negligible, especially in the
terms of total water consumption.

The maximum rooting depth of winter wheat given in literature moves in
a wide range, between 60 cm in a coarse sand soils to a common 100-160 ¢cm
(Weir, Barraclough, 1986; Barraclough et al,, 1989; Kuhl-
man et al., 1989) to maximum observed 300 cm. However, very little is
known about the year-to-year variation in rooting depth and the consequences
for water and nitrogen uptake distribution. Hence, the reliable calculation of
potentially available water supply in a soil profile is not possible without an
estimation of rooting depth. We observed maximum rooting depth of winter
wheat between 100-120 cm about anthesis in the presented experiment but
there was probably some root growth to depth during grain filling, as well.
A small (apparent) depletion of water could be detected from another 20—
30 cm bellow the deepest roots.
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Hloubka prokoienéni a odbér vody z hlubokych vrstev pidy u ozimé psenice.
Scientia Agric. Bohem., 3171, 2000: 171-179.

pfldnihU

Zemédélské plodiny odCerpdvaji svymi kofeny vodu z razné hloubky
iologicky

profilu v zdvislosti na potfeb& vody porostem, mnozstvi a distribuci fyz
ptistupné vody v padé a rozlozeni kofenil. Informace o mife vyuZitelnosti Zi’lSOby,
vody v hlubokych, slabé prokofengnych vrstvach podorniéi je daleZita pro Ufé‘fm
optimalni davky vody v zavlahach a pro modelovéni vlivu vodniho stresu na rist
a vynos plodin. Cilem pokusu bylo porovnat odbér vody z vrstev podornici s hlou?
kou kofend ozimé p3enice.

Rist, zmény obsahu vody v profilu a distribuce kofentl ozimé pSenic
byly sledovany ve Ctyfletém polnim pokusu. Sledovéni probihala v Praze-Ruzy

e cv. samant®
ni,

3): 171’179
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radované cernozemi, u varianty nehnojené dusike
sedg{\vce 100 kg.hzfl v LAV. Zz’lklZdni1;1?3;(1)1503215(1){\:;111;l]p(j)lr‘osm hnoje[_]iém Sk
deny ¥ tab I,vde:mi chod srazek byl méfen v l)lizkg nwteorl?lig Tll'a"no"m'“'JSOU D
Rozdélen}’k.orellu v profilu bylo urceno vyplavenim kofent '/cé\lf;w'kildn}c' gt D.
ajch ve 1-;121 koincej k:/ztem' az do hloubky, kde ji# koteny nciayly(;)lﬁﬂnl;fl(;y((())(é:bl;;—
sr vody z dané ivrs & St (i i
g;i?;r(t\;b. )]/I). pudni vrstvy byl vypocten ze zmén (iibytku) vihkosti v prabéhu

Porost ozimé’pﬁenice odcerpaval od fize pIného odnoZovini ay do zaca ku s
kOVéni rychle zdsobu vody z vrstev ornice a podorni¢i do hlou(bk 7([)‘1%dt o
odbér vody z hlubSich vrstev piidniho profilu nastupoval pozdgji Z DO tun ('Obr. DA
pikdnim k()f?ﬂfl do hloubky. Nejvétsi odéerpani vody z hluh(;ky;cl{ \tlfsi‘upny(lln ‘pl'(z':
pod 70 cm jsme zaznamenali v roce 1997 a v roce 1999 (tab. II obb‘v 1130 ’(l)"lmu
odpovidalo i nejvetsi prokofenéni podornili v t&chto letech (oh.r é) \I/ ): IOQIQU
jsme pozorovali ibytek vody i v neprokofenéné vrstvé 120-150 7c1‘n .rav lr?wd b z
jako disledek pokracujiciho rlstu kofenli biopéry do hloubky v cloi)(—[:) zr":l]e’p'o ‘Od'n'6
tribuce vody diﬁhlzi. V obou letech bylo mnoZstvi srazek v dubnu kvétm; '1]5C'lisltzv‘ls:
iv (V:erxir’m relvatlvné nizké, jak je patrné z prab&hu zmén vlhk(‘)sti pfld): (c;hr Lln)e
Nejmensi odbér ‘vody z podorni¢i jsme zaznamenali v roce 1996, kdy bylar .fld'l'
pasycena vgdou JeSt€ v dubnu a intenzivni odbé&r vody spojeny s pn,)klcscm vlhl?ost"
pudy t.rval jen kratsi obdobi, po kterém se jiZ v Cervnu d.iky intcnziv{ﬂm sr'ii\kf’ :
0bnov1vla vysokd zdsoba vody v ornici. V roce 1998, s men$im prokofenim nexi ‘v r(;lf::
1996, Cervnové srazky neobnovily zdsobu vody pod 30 ¢cm a odbér z vrstev podornici
pod 70 cm b}.fl vy38i nez v roce 1996. V prici jsou diskutovény dalsi faktory, které
.mohl)'/ ovlivnit rl?strkof‘eni'l v podornici a spotfebu vody v jednotlivych letech p;)ku%u
Jlil;zof Z(;:;zlllo\rllql:rztl)t](]):;é?é dusiktl, p(}tfébav porostu na vodu a dal§i faktory, které
‘4 o ; oy v?/poctenyrodher vody z vrstvy (prisak vody ze sriZek,

Zeva :/zlmam z vlh&ich vrstev). Vysledky sledovani zmén vlhkosti pid slabé
prokofenénych vrstvach podorniéi v prab&hu ristu ozimé pienice uks 'p y“V ’5 , :
rozdily ve vyuZiti téchto vrstev kote y Sy Sté 4 Vc‘el’l el rOL:mkovc
e e novym systémem. MnoZstvi vody odderpané
e ‘V‘se v ete'Lh pokusu pohybovalo mezi 6 az 20 mm, ve vrstvé

m bylo 8 aZ 22 mm a ve 120-150 cm mezi 2 a7 13 mm.

Vlhk ady: & f
0st pudy; odbér vody; koteny; hloubka kofend; sraZky; ozima pSenice
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