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Effects of Nitrogen, pH and Soil Factor on Seedling

Growth of Rumex obtusifolius and Rumex crispus

Akio HONGO
(Received : November 30, 1985)

Abstract

The seedling growth of Rumex obtusifoliuvs L. (broad-leaved dock) and
. erispus L. (curly dock) was investigated in a greenhouse in relation to soil
factors, pH levels and nitrogen levels, and alse investigated by the sand-cultured
method in relation to pH and nitrogen levels during May to November in 1984,

1) There was little difference between the prowth responses of both species to
soil factors, pH levels and mitrogen levels.

2) Four treatments (higher pH, nitragen application, sand mixzture and a kind
of so1l) apparently stimulated dry matter production of both species and occunied
the higher contribution rates ol 13—28% to the total variance.

3) Dry matter production of both species was increased with increasing
nitrogen application up to 20ka-N/10a. The increased rates of dry matter
production per unit nitrogen applied were 0.14—=0.17g in both species.

1) Both species produced almost the same dry matter at a nitrogen level of 0
ka/l0a. At a nitrogen level of 20kg/10a, both species produced the same dry
matter when pll was 6.5, whereas broad-leaved doek produced slightly higher dry

matter than curly dock, when pll was 4.5 or 8.5,

Both broad-leaved dock and curly dock are aries of sown grassland, roadside or aban-
to have been introduced into Japan in the Meiji doned field. These different behaviours of both
era (about a hundred years age)™. At present, species in sown grasslands may depend on
broad-leaved dock 1¢ one of the most trouble- different growth responses to environmental
some weeds In sown grasslands®. In most factors such as a kind of soil or climale.
cases, 1ts mature plants depress herbage pro- The present studv was designed to interpret
duction. In Furope, curly dock is a primury the effects of nitrogen, pH, soil factor or grow-
colomizer of mmitivated land and 18 said to he ing season on their early growth and to assess
the most weedy among Rumex species!, In the feature ol broad-leaved dock as a grassiand
Jupan, however, it rarely colonized in gown weed compared with that of curly dock.

grasslands. [Its habitat is limited to the bound-
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1. Materials and Methods

Five experiments using pots (20cm in diame-
ter ana 25cm height) were conducted in a green-
house at Obihiro University in 1984, The seeds
used were collected 1n September 1982 from an
abandoned field where both species occurred
together,

At first, the effects of 8 treatments (Table 1)
were investigated
August 2 (high

twice: during Mav 24 to
temperature and long-day
photoperiod) and during August 6 to October
and ohtiata-

15 (low temperature short-day

period). Each treatment was arranged by Lhe
orthopanal table (1—a (2%) of Ly lype)'®.
Two types of soil were used: top soil (0-10cm)
and deep soil (about 40cm depth) at the same
sown grassland. Bach so1l was passed through
2amm sieve., Soil pH was controlled by the
addition of peat moss (pll of 4.5 by 20% 1n
weight) or CaCOy (pll of 6.5). On the com-
mencement of each experiment, 16 seeds were

sown in each pot: these were thinned to 8 per
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moisture was maintained to levels of 42 and 30%
by the weighting method. Plants were sampled
70 days after the sowing of seeds.

The effect of

range of content (Ynd experiment) and pH

nutrient solution with wide

(3rd experiment) on growth of both species
was examined by the sand culture method
Kight

were sown 1n a pot containing 3kg river sand

using Hoacrasp’s solution® . seeds
previously washed. The plants were grown for
28 days with half-diluted HoaGcranp's solution
(pH 6.5).

Pats were Lthen grouped into two blocks: one

These were thinned to 5 per pot.

for different nutrient levels (4—, 2—, 1—, 1/2—,
1/4—, 1/8— and 1/16— diluted HoacLaND's solu-
tion) and the other for different pH levels (3.5,
4.5, 5.5, 6.5, 1.5, 8.5, and 9.5). Nutrient solution
wag given to pots at Z-day intervals and
Each pot

was leached at weekly intervals with one litre

tonized water on alternate days.

of ionized water to wash out residual nutrients.
Plants were samupled 58 days after the sowing

of seads,

pot after 20 days, Shortly after emergence soil The following experiment was conducted
Table 1, Effects of eight treatments arranged by T, (2'9) orthogonal tahle!®
on dry matter productions of broad-leaved dock and curly dock
Level Broad-leaved dock Curly dock
Treatment ) - _ Contri- yigk " Contri-
b ik Lat T bution® e “RE pution®
(g/plant) (%) (g/plant) (%)
" iy e Spring- Summer- : & : .49 ; r
Growing seasorn o i v 0.79  WL.61 {1.¢ .89 0.45 7.6
So1l moisture Wet Dry 0.81 0.59 tr 0.57 Q.77 tr
Soil pH 4.5 6.5 0.52 0,88 18.4 (.45 0.89 24,7
Nitrogen 0 109 0.26  1.14 17.6 0.6  1.08 287
Phosphorus 0 10 0.62  0.78 1.3 0.71  0.63 tr
Patussium 0 16% 070 069 tr 0.53 0.8l tr
Kind of sail Top sol Deep sol 0.87 0.53 15,4 0,499 0.35 1.1
Sand Blanl Mixture 0.3 [ 28.0 0.43  0.91 13.2
Error 18.7 .1

_‘:2) anitril_niniun rate and significant test (*; p<0.05,

logarithm translation,
b) Application base was kg/10a.
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seeds

Fight

were sown 1n a pot contalning soil and these

during July 28 to October 26,

were thinned Lo & plants per pol 15 days after
The plants were grown al four
The

plants were sampled 30, 50, 70 and 80 days after

the sowing.
nitrogen levels of 0, 10, 20, and 40kg/10a.

the sowing of seeds.
[Minally, the experiment was conducted during
August 1 to November 9. Eight seeds were

sown in pots containing soil; these were
thinned to 5 plants per pot 16 days after the
The
nitrogen levels (0 and 20kg/10a) and three pH
levels (4.5, 6.5 and 8.5).

sampled 101 days after the sowing of seeds,

sowing, treatments consisted of two

The plants were

In each experiment, the plants sampled were
washed and the following parameters were
measured: length of primary shool, and dry
leal

petiole) after drying at 75°C for three davs. In

matter weight of root, and stem (or
addition, all treatments were replicated three

times.
2. Results

1) Kffects of 8 treatments arranged by 2'°

type

There was little difference between the growth
responses of both species to 8 treatments
examined, The following 4 treatments appar-
ently affected both growth: higher pH, nitro-
gen application, surface soil and sand mix-
Lure.

Although there are many complex interac-
tions between 8 treatments, the elfects of main
trealments were only taken up in this experi-
At

the first experiment, the meteorological condi-

ment and the result was shown in Table 1.

tion was favorable lor growth because of high
temperature (mean daily temperature of 17.0
*C.) and long-day photoperiod (day length of
15 h.), whereas at the second experiment, less
favorable for growth because of low tempera-

ture (10,9°C.) and short-day photoperiod (12

13
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Fig. 1 Dry matter production of broad-
leaved dock and curly dock at 7
levels of nutrient solution.
Vertical lines on the bars re-
present confident interval at
p—10,05,
h,). Under these meteorological condition, the

growth of curly dock was apparently depressed,
but that of broad-leaved dock was lLittle af-
fected, As compared with potassium and
phaosphorus applied, nitrogen application ap-

parently stimuluated both growth. To the total

variance ol the mean value, the econtribution
rate of nitrogen application was 17.6% in

broad-leaved dock and 22.7% in curly dock.
Similarly, that ol pH levels was 18.4 and 24.7%,
respectively, of a kind of soil 154 and 17.1%,
respectively, and of sand mixture 28.0 and
13.2%, respectively,

2) Effects of content and pH of nutrient

solution

There was little difference belween the growth
responses of both species to wide range of con-
Both dry
matter production and aerial/root ratio were

with diluted of

tent and pH of nutrient solution.

decreased mereasing ratio
nutrient solution,

Standard HoacLand's solution contained 210
ppm nitrogen, 31 ppm phosphaorus and 235 ppm
potassium, Both species produced almost the

same dry matter in 24— and 4-times concen-
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Fig. 2 Relatioship between diluted rate
of nutrient solution and aerial/
root ratio in broad-leaved dock
and curly dock,

trated solution (Fig. 1).

production per plant in 1- to 4= limes concen-

Mean dry matter

trated solution was 2.85¢g in broad-leaved dock
and 2.59¢ in curly dock. As increasing diluted
ratio of standard HoacLanp’s solution, dry
matter productian decreased at a constant rate
(Fig. 2).
decreased with increasing dilution ratio. That

Similarly, aerial/root ratio also

was 1.8 and 2.2, respectively, in standard
solution, compared with 0.6 and 0.7, respec-
tively, in 1/16—diluted solution,

Dry matter production per plant was little
affected among a wide range of pll. That was
2.29-3.02g (mean of 2.53g) in broad-leaved
dock and 2.01-3.18g (mean of 2.59g) in curly
dock (Table 2).

3) Effects of mtrogen levels

There was no significant difference between
the growth responses of both species to nitro-
gen levels (0—40kg/10a).

An apparenl Increase 1n total dry matter
production in both species was observed by
nitrogen application 70 and 90 days after the
sowing of seeds (Fig. 3). There was little
increase in dry matter production at higher
levels of nitrogen (more than 20 kg—N/10a). In
the range of 0-20 kg—N/l10a, increased dry

Table 2. Effects of pH levels of nutrient
solution on total dry matter
production (g/plant) of broad-
leaved dock and curly dock

pH level Broadleaved dock Curly dock
3.5 2.43 =0, 26* 2.89+0, 55%
4.5 2.55 0.39 3.00 =0.64
5.5 2.51 10,40 2,24+0.38
6.9 3.08x40,79 2.60=x0.47
T.5 2.84 7-0.58 3.18+ 0,57
8.5 2.60+0,88 2.18X£0.51
9.5 2.29=0.45 2.01x0.47
Significant level 1.14 1.04

(p<0.05)
*: confident interval at p<0.05.

matter production per { kg—N/10a was shghtly
higher in broad-leaved dock with mean value
of 0.17g, compared with 0.14g in curly dock.

4) Effects of nitrogen and pH levels

Both species produced almost the same dry
matter at 0 kg—N/10a. At 20 kg -N/10a, hoth
species produced the same dry matter when pH
wus 6.5, whereas broad-leaved dock produced
slighly higher dry malter than curly dock,
when pH was 4.5 or 8.5.

When pll was 6.5, total dry matter produe-
tion per plant was 1.01g in broad-leaved dock
and 0.99¢ in curly dock at 0 kg -N/104a, whereuas
2.76 and 2.68g, respectively, at 20 kg—N/10a

Broad-leaved dock Curly dock
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Fig. 3 Dryv matter production of hroad-
ledved dock and curly dock at 4
levels of applhied nitrogen.
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Fig. 4 Dry matter production of broad-
leaved dock and curly dock at 2
nitrogen levels and 4 pH levels.
Vertical lines on the bars re-
present confident interval at
p=10.05.
(Fig. 4). As compared with dry matter pro-

duction when pH was 6.5, lower pH (4.5)
decreased by 31% in broad-leaved dock and by
16% in curly dock at 0 kg—N/10a, and by 86

and 68%, respectively, at 20 kg—N/10a, Iow-

ever, higher pH (8.5) inereased hy 114 and 118%,
respectively, at 0 kg—N/10a, and decreased by

77 and 57%, respectively, at 20 kg—=N/10a,
3. Discussion

The growth of hoth species was apparently
affected by the following 4 factors among 8
lreatments examined at the (irst experiment:
pll, nitrogen, a kind of seil and sand mixture,
At the next experiment, effects of pH and
nitrogen were examined. When pll was 6.5,
both species produced almosl the same dry
matter. At a lower pH level (4.5), broad-leaved
dock produced more dry matter than curly
dock.  Caviers & Harper! pointed out the
similar lendeney that broad-leaved dock grew
better on acid soi1l than did curly dock and
Lhal a reverse relationship was observed an
calecareous soil,  In addition, the mixture of
sand stimulated the growth of both species.
This was partially related to the soil type used

(wettish voleanmie-acid soil),

There was no effect of soil moisture levels on
the growth of poth species, On the study in
England", broad-leaved dock grew well and
was frequently present on wel soil. Since the
region with wet soil was usnally utilized as a
permanent pasture, many grasslands were
inlested by broad-leaved dock. In contrast, a
different result was reported in Japan® : broad-
leaved dock grew more frequently on dry
habitat and curly dock did on wet and fertile
habitat in a river basin. Thus, a different
result was reported in Japan and in England.
Moreover, the resull of this experiment was
different even [(rom these studies. It therelore
seems that more research is needed on the
effect of soil moisture levels en the growth of
both species under many soil types.

According to the result in a sand culture
using nutrient solution and in nitrogen appli-
cation in soil, dry matter production of both
speeles was Inereased with inereasing nilrogen
application up to 20kg N/10a. Increased drv
matter production per unit nitrogen applied
was (0.17g 1n broad-leaved dock and 0.14g in
curlv docik.,  Thug, both speries showed the
same growth response to applied nitrogen, It
15 not supported, therefore, that broad-leaved
dock 18 advantageous to curly dock in respect
Lo the growth response to applied nitrogen® %

In this study, each experiment was conducted
in a greenhouse during a comparatively short
term as pure culture of each speecies, so that
there was little influence ol interspecific or
intraspecific competition. Under these condi-
tions, there was not any apparent difference
in the growth response of both species to
lertilization and soil factors. [t is considered,
therefore, thatl the features of broad-leaved as
a grassland weed 18 concerned with tolerance
for disturbances or competitive ability with
herbage plants as compared with those of

curly dock® %7 _
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