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ABSTRACT

To study the effects of two soil moisture levels on root
and shoot development of wheat seedlings, and to compare root
growth in dry-land and irrigated cultivars of wheat in
seedling stage, a pot experiment was conducted at the
Agronomy Department, Technical University of Berlin in the
1978 summer season. The two soil moisture levels consisted of
20% and 80% water holding capacity of the soil. From the
seven wheat cultivars, Bezostaya, Jubilar, Karaj-1, Omid and
4820 are grown in irrigated land, Boulani comes from dry land
ares of Zsbul and Roshsn is grown both in dry lands and with
irrigation. A split-plot design with three replications was
. used in which soil moisture levels were main plots and
cultivars as sub-plots. Traits studied were root and shoot
length, root and shoot dry weight, 10, 20 and 30 days after
germination. The wheat cultivars were also studied for their
root number and length in a petri dish experiment, conducted
in an incubator. After 72 hr, root length and number of roots
in each seedling were determined. Results of the experiments
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showed that: a) There were significant differences between
the two moisture levels, 20% and 80%, for all traits at all
three harvest dates, with the means of B80¥ moisture being
higher in all cases. b) In pots with low moisture, roots
reached their maximum 1length at the first harvest (in 10

days). No further increase in root length occurred at the

second and third harvests, indicating that moisture stress
inhibited further root growth. c¢) Cultivars showed signifi-
cant differences for all traits at all three harvests, except
for shoot length at the second harvest and for root length at
the third harvest. d) There were significant differences
between cultivars for root length and root number in seed-
lings grown for 72 hr in an incubator. e) It was concluded
that there are four distinctive characteristics for a dry-
land cultivar: 1) rapid root growth at early stage of devel-
opment; 2) higher number of seminal roots; 3) more root
growth, and 4) longer roots.
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INTRODUCTION

Studies on the effect of soil moisture stress
on root development of any crop species may have a
value in determining its drought resistance and
vield potential in stress conditions. Numerous
field and greenhouse studies have been done on this
subject.

Most =studies have found that the higher the
soil moisture, the longer the wheat roots (8, 10).
However, Karmacharya (7) reported that low moisture
content in the soil increased root growth in wheat.

Root weight, straw yield, shoot length and
grain yield have also shown positive response to
higher soil moisture in wheat (1, 2, 3, 4, 5, 11,
12).

Pinthus and Eshel (8) studied root distribu-
tion on 25 wheat cultivars under the same condi-
tions. They found significant varietal differences
in total 1length of seminal roots, in number of
adventitious roots, and in root distribution.
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Hurd (B) studied the roots of three wheat
cultivars in growth boxes. He observed that the
three cultivars, regardless of moisture levels, had
three distinct patterns of root growth, which
helped him to explain cultivar differences in
resistance to drought. Cultivar differences on root
growth have also been noticed by Karmacharya (7).

The aims of this study were: a) to find the
effects of soil moisture stress on root and shoot
development in wheat seedlings, and b} to compare
root growth in dry-land and irrigated wheat
cultivars in seedling stage in different soil
moisture levels.

MATERIALS AND METHODS

A pot experiment was conducted at the Agronomy
Department, Technical University of Berlin, in the
1978 summer season, to study the effects of two
soil moisture levels on seven wheat cultivars. The
two soil moisture 'levels consisted of 20% and 80%
water holding capacity of the soil. The wheat cul-
tivars used were Bezostaya, Boulsani, Jubilar,
Karaj-1, Omid, Roshan and 4820. Bezostaya is a
Russian cultivar, being grown for several years in
Karaj, Iran. Jubilar, a German winter wheat culti-
var obtained from the Agronomy Department, Techni-
cal University of Berlin. The rest of the cultivars
were Iranian being grown in Karaj, Iran, except
Boulani which comes from Zabul, Iran. All cultivars
used were of winter habit except for 4820 and
Roshan which were spring/winter types. Cultivars
used are grown in irrigated land except for Boulani
which comes from dry-land area of Zabul and Roshan
which is grown both under dry and irrigated
conditions.

The soil used was a 2:1 mixture (by volume) of
medium-sized sand and soil. Water holding capacity
of the so0il was 18.2%. Mitscherlich pots with 7 kg
soil in each were used. To the soil of each pot was
added: 2.4 g N, 0.5g P, 2.2 g K, 0.3 g Mg, 0.6 g
Ca, 5 mg Fe, 8 mg Mn, 1 mg Cu, 1 mg Zn, 1 mg B and



1 mg Mo. To maintain each pot at 20% or 80% water
holding capacity, two pots o&f each moisture level
were weighed and the water needed was added daily.

A split-plot design with three replications
was used in which so0il moisture levels were in main
plots and cultivars in sub-plots. Each experimental
unit consisted of a pot with 18 plants. Before
planting, a germination test was carried out for
all cultivars and according to the results obtain-
ed, 35 =seeds were sown in each pot for Bezostays,
30 for Omid, and 25 seeds each for other cultivars.

Three sets of the same experiment were started
at the same time to study first set, 10 days after
germination, second and third sets, 20 and 30 days
after germination, respectively. Planting date was
21 July, 1978 for all three sets and harvesting
dates were 3 August, 14 August and 24 August for
the first, second and third sets, respectively.
Pots were kept in greenhouse during nights and
rainy days and for the rest of the time they were
kept outdoors.

Traits studied were: a) root length of all
plants in each pot as a whole, after washing the
roots with water; b) shoot length of all plants in
each pot as a whole; ¢) root dry weight and shoot
dry weight. Roots and shoots were oven dried over
night at 10509C. Dry roots were also burned over
night at 4009C to correct root dry weight for sand
attached to the roots.

An analysis of variance was performed on the
data of 'each trait and means were compared by non-
orthogonal t-tests.

All pots were sprayed with a 0.1% solution of
800 g 1-1 Tamaton against flies and aphids on
August 1, 1978. Another spraying against flies was
done on second and third sets with a 0.9 ml 1.5 1-2
solution of 500 g 1-1 .parathion on August 7. A
third spraying was done on August 11, on the second
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and third sets agasinst mildew with a 50 g 160 i-1
solution of 50% Benomyl‘

On the day of harvest of each set, two plants
were chosen at random from each pot for apex
studies. The apex of each plant was excised and
studied under microscope and the stage of spike
development was recorded.

The wheat cultivars were &also studied for
their root number and length in & petri dish
experiment. For each cultivar two petri dishes,
each having 10 seeds, were placed in an incubator
at 30°C and with sadequate moisture. After 72 hr,
root length and number of roots -in each seedling
were determined. Data for each trait were analyzed
as a completely randomized design and means were
compared using LSD test.

RESULTS AND DISCUSSIOK

Table 1 presents mean growth responses over
moisture levels and cultivars for s8ll three
harvests. It is evident from this table that there
were significant differences between the two
moisture levels, 20% and 80X, for all traits in all
the harvests, with the means of B0X moisture being
higher in all cases. Higher level of scil moisture
caused roots to grow longer, which is in agreement
with the results obtained by other investigators
(8, 10). In pots with low moisture, roots reached
their maximum length at the first harvest (in 10
days). No further increases in root length ococurred
at the second and third harvests. For the 80%
moisture level, maximum root length appeared at the
second harvest and root length did not increase
after 20 days. This was possibly due to a) the
length of the pots which did not =allow roots to
grow further. and b) ' the naturally short roots of

" the plant.
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Shoot length, root weight and shoot  weight in
pots with 80X moisture were higher, compared with



Teabla 1. Mean wvalues

ocultivers

of wverious
for all three harvests.

traite molsture levels end

Factor
Root Shoot Root Shoot
length length welght waisght
Com) Com) cag>T <ag>
Firet hervest
Moisture
lavels:

20% 17.5 14.8 33.5 85.2
BO0X 21.8 22.8 53.7 128.0
LSD a.g™ 3.2% 15,3 47 . 4%*

Cultivers:
Bezostaysa i18.0 20.8 42.0 103.6
Boulani 20.0 17.7 47.8 83.8
Jubiler 18.3 i8.3 a7.7 80.7
Keared-1 20.0 18.7 45.8 103.1
Omid i8.0 iB8.o 41.7 eli.e
Roshean 20.8 18.7 50.8 110.2
4820 20.2 1i8.7 38.1 86.5

LSD 1. T 2. 1% B, 1% 13 . g

Second harvest

Moilsture

lavels:

20% 15.8 17.4 39.3 100.6
B0% 28.5 30.8 81.5 306.5
LsD 4 . Bk 4 .,8% 15 . Bk T4 . B*x

Cultivers:
Bazostays 21.8 25.7 B82.5 224.3
Boulani 22.7 23.2 ee.2 igz2.2
Jubiler 20.0 23.7 53.8 207.3
Kearsj-1 20.8 24.8 B8B.7 228.5
Omid 20.7 23.8 55.9 188.1
Roshan 22.2 25.3 71.1 234.8
4820 20.0 22.5 48.5 147.5

L&D 1.7 NS 12, 3o 57 .5k
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Teble 1. Continued.

Third hervest

Meisture
levels:

20% 15.8 19.0 50.8 208.3
a0x 28.2 40.8 188.7 1137.8
LSD 2.8 4 . Sk 25 . 4% 333 . Ok

Cultivera:
Bezosteya 21.3 3z.3 123.7 757.1
Boulsnil 20.3 28.5 116.2 538.8
Jubilar 20.0 30.3 105.7 728.6
Esrel-—-1 21.3 249.8 111.8 B874.0
Omid 20.7 28.8 i08.3 B8B2.7
Roshean 21.7 31.5 i57.8 718.7
4820 21.7 Z2B.5 107.3 823.4

LSD NS 2. 1w 25 . dows 146 , Ok

T(d‘) deocigram.
*Significent at 5% level.
**Significent at 1% level.
N8 = Not significeant.

pots with 20% moisture. The results are in accord-
ance with previous findings (3, 4, 11, 12). All
three traits show a steady increase with time in
both moisture levels, however, the differences
between the three harvests for each trait are much
more pronounced in pots with higher moisture level,
when compared with those with low moisture level.

Cultivars showed significant differences for
all traits in all three harvests, except for shoot
length in the second harvest and for root length in
the third harvest. :The differences between cul-
tivars for root length were significant at the 1%
probability level at the first harvest, and at 5%
at the second. harvest. However, such differences



disappeared by the third harvest. Furthermore, root
length did not increase much after the first
harvest. These findings suggest that cultivar
differences for root 1length at early stages of
plant growth may play an important role in their
response to stress conditions. Other traits
increase steadily as plant growth proceeds. Culti-
var differences for different traits in wheat have
also been noticed by other investigators (8, 7, 9).
For root length, Roshan showed the highest mean
value at the first and third harvests; however,
Bezostaya was leading at the third harvest.

Mean values for moisture levels x cultivar
interactions for traits showing significant
differences are given in Table 2. At the first
harvest root weight was the highest for Boulani in
low moisture level, and Roshan was leading at 80%
moisture levels. For shoot weight, Bezostaya
produced the highest weight at 20% moisture level
(without being significantly different from
Boulani), whereas Roshan showed the best result at
80% moisture 1levels. At the third harvest, shoot
length gave the highest wvalue for Bezostaya and
Roshan at 20% and 80% moisture levels, respective-
ly. However, for root weight, Roshan was the best
at 20% and 80% moisture levels, and for shoot
weight, Bezostaya was leading at both moisture
levels.

Results on shoot apex development showed no
clear difference between moisture 1levels. These
studies proved that the cultivars used were winter
types except for +two of them, Roshan and 4820,
which were winter/spring types.

Mean wvalues for root length and root number
for seven cultivars 72 hr after seed germination on
filter paper are presented in Table 3. This table
shows that Boulani had the longest roots and the
highest number of roots, compared with other
cultivars.
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Tekble Z. Mean

valuesa af

interscticons.

tralts

showing gignificent
differences for molsture levele x cultivar

First hsrvest

Root weisht

Shoot weisht

cam> ¢am>
Molsture levels

Cultivers 20% (=19} 4 20X 80X
Bezogtavea 3z.8 51.1 89.4 137.8
Boulani 38.8 55.9 68.3 118.89
Jubiler 28.5 47.0 Bl.4 120.1
Karaj-1 33.8 58.8 68.4 13g.8
Omid 33.7 48.7 B87.1 116.8
Roghen 2s.0 85.7 87.2 153.2
4820 28.4 46.8 58.8 116.3
LSD 5.3* 18.0%*

Shoot length

Third harvest

Root welght

Shoot welght

{em> Cdad (da >
Moilsture levels
Cultivers 20% BOX 20% a0x 20% 80x%
Bezostays 23.0 41,7 52.5 184.9 254.9 1259.3
Boulani 18.3 38.7 52.8 179.9 i84.2 BE3.0
Jubillar 18.3 42.3 as8.5 171.8 203.5 1253.7
Karslj-1 18.3 40.3 51.8 171 .4 i98.3 1148.7
Omid 17.0 40.7 47.7 i88.89 184.3 1141.0
Roshen 19.0 44 .0 Bl1.8 253.8 213.8 1225.7
4820 18.3 2\8.7 48.86 186.0 204.8 1042 .0
LSD 3. e 35. 5k 152, 3=

T(dg) decigrem.

*Significant at 5% level.
skSignificant at 1X lavel.



Teble 3. Mean wvalues of root length end root number for
meven cultivers 72 hr eafter seed serminetion in
incubator.

Cultivers Root length Root number
{om}

Bezocataya 2.4 2.0
Boulenil 5.8 5.0
Jubilar 4.8 3.2
Karaj-1 3.1 4.5
Omid a.5 4.8
Roshen 3.3 4.4
4820 4.7 3.5
LSD a.54%* 0. 47%x

**xSignificent at 1% level.

In general, it is concluded that the
distinctive characteristics of dry-land cultivars
such as Boulani are: a) rapid root growth at early
stages, as evident from Table 3; b) higher number
of seminal roots (Table 3); and c) more root growth
(Tables 2 and 3) longer roots (Tables 1 and 3).

LITERATURE CITED

1. Blum, A., J. Mayer and G. Gozlan. 1882.
Infrared thermal sensing of plant canopies as

a screening technique for dehydration
avoidance in wheat. Field Crops Res. 5:137-
148. '

2. Bruckner, P.L. and R.C. Frohberg. 1987. Stress
tolerance and adaptation in spring wheat.
Crop Sci. 27:31-38.

59



60

10.

11.

Campbell, C.A. 1968. Influence of soil
moisture stress applied at various stages of
growth on the yield components of Chinook
wheat. Can. J. Plant Seci. 48:313-320.

Campbell, C.A. and D.W.L. Read. 18988.
Influence of air temperature, light intensity
and soil moisture on the growth, yvield and
some growth analysis characteristies of
Chinook wheat grown in the growth chamber.
Can. J. Plant Seci. 48:299-311.

Ehdaie, B. 1988. Differential response of
landrace and improved spring wheat genotypes
to stress environments, Crop Sci. 25:838-842.

Hurd, E.A. 1984. Root study of three whesat
varieties and their resistance to drought and
damage by soil cracking.' Can. J. Plant Sci.
44:240-248.

Karmacharya, B.L. 1873. Root development of
four spring wheat (T. aestivum L.) cultivars
in greenhouse experiments. Scientific Reports
of the Agricultural University of Norway, Vol.
52, No. 8, p. 1-B.

Kmoch, H.G., R.E. Ramig, R.L. Fox and J.E.
Koehler. 1957. Root development of winter
wheat as influenced by so0il moisture and
nitrogen fertilization. Agron. J. 49:20-25.

Pinthus, M.J. and Y. Eshel 1962. Observations
on the development of the root system of some
wheat varieties. Israel J. Agric. Res. 12:13-
20.

Salim, M.H., C.W. Todd and A.M. Schlehuber.
1965. Root development of wheats, oats, and
barley under conditions of soil moisture
stress. Agron. J. 57:603-607.

Sosulski, F.W., D.M. Lin and E.A. Paul. 1988.
Effect of moisture, temperature, and nitrogen



12.

on vyield and pretein quality of Thatcher
wheat. Can. J. Plant Sci. 486:583-588.

Zhelev, R. 1975. Characteristics of the root
system of wheat as influenced by so0il moisture
(in Russian with English Summary).
Rastenievadni Nauki-Plant Science XII, No.
2:27-38 (Sofia).

61



