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ABSTRACT

THE T Of)F '|’Wf TODTUDY ROOT GROWTH OF SOYBEAN AS AFFECTED BY
SOLL COMPACTION. Two greenhouse and two field experiments have
been conducted  to study the effect of soil compaction on. root
growth and plant growth of soybean. In the greenhouse experiments
it was eclearly shown that by incresging soil compaction the
growth of roots and shoots was inhibited. The growth of roots was
Cexpressed oin V% Arcsin converbad From the countg, per -winntas
(cpm) of | °P content in the 'shoots and in cpm of ““P in shoots
“without conversion. While the plant growth was expreéssed in
plant height, number of leaves, dry weight of pods &and shoots.
In the field experiment after condncting the second experiment it
wag ghown distinetively that root growth 1in the 15 em soil layer
wasg | inhibited when 8o0il compaction increased. Like in the
greaqhnnmu rxperiments the growbh of roots was expressed in  opm
of ““P ol rools, shoots, and pods. While the growth of plants was
expressed in plant height, number of pods and dry weight of pods,
seeds, and stover.

- INTRODUCTION

Recently the governmenl of Indonesisa through its Yunior
Minigter of Agriculture has encouraged the use of hand tractors
for soil eultjvation on larmers’” land. This is apparently one of
the methods to shorten soil cultivation time and to solve the
problem of the decrease of farm labour. It is expected that with
the shortening of land cultivation time of planting especially
lowland rice'nmuld be more accuralte in one planting season with
less farm labours. So hopefully plant rotation in one plantihg
geason connlbd be managed to reach ophimal vield.

[n connection with the possibility use of hand tractors the
influence on the soil physical properties must be taken into
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considération. It 1is well known that physical so0il propervties
could direct the use of soil for agricultural purposas. The
ability of soil to store water, to retain soil nutrients, 'to
provide good aeration, plasticity, and the ability of roots | to
penetrate Lthe soil, are all rm}nted to physical soil properties.
According to DE BOOTH (1) 'the main factors which could be
influenced by the physical properties of soil are, soil humidity,
soil aeration, and mechanical properties of ‘the | aoll.
Recently research in agriculture stagted to pay attention to
-'mechanical s0il properties as a factor which could possible
inhibit root growth and development and growth of seedlings in
the field. And one of the mechanical soil propefties is soil
compaction. Mc KIBBEN (2) and CANNELL (3) stress that spil
compactioq is one of the main factors which could cause spil
degradétion. Soil compaction could occur because of severe soil
practices, such as restricted, soil cqltivation and the use of
heavy machinary on agriculturﬁl soil. The effects of soil
compaction on soil are for example, the inoreasé of. bulk density
and the decrease of the volume of soil pores which usually are
filled with gases. And all these factors could have unfavourable
influence on root and plant growth. HENDERSON_(4) forwarded that
in Ausfralia, soil compaction is mainly caused by agricultural
traffib, meaning the use of heavy machinary on .agricultural soil.
And so0il compaction usually happened when soil moisture is high
especially in fall and early spring. Further according to him (5)
in one of his experiment using a tfactor of 4 t weight for' only
four times back and forth already resulpgd'ih;a;harg.paﬁ{Abeheath
the plough layer. Rechel et al. (B) from”hisho#ﬁiexperiments and
coa%}ng other research workers such as.RuSsell”ahdeoss (7) |and
Willat (8) forwarded that soil strength which is an expression of
the impact of agricultural traffic could decréase root length.-
Besides this Meek et al. (9) found that soil sites which® have
not been travelled on by tractor traffic had a loer soil densi-
. ty, higher water up take, and higher growth rates which were able
to provide higher biomass of plants compared to soil which had
been cultivated by tractors for several times.

This paper reported two greenhouse experiments and two field




experiments to laonk at the impact of soil compaction on ..root
growth and plant prowth, where growth of roots wau determined
ney

. 'S
nsing H.

MATERIALS AND METHODS

1. Greenhouse Lxpuriments

1.1/ Plant Containers

1St Experiment an Experiment

Each plant container consists of Plant containers used were
5 polyathylene'tuhes, with each pots with a 7 1 volume. Like
tube having a 11 cm dia. and a 5§ in the first experiment each
em height and formed a column of pot was filled with a certain
25 em height. At the bottom of soil weight according to
the column a polyethylene petri- treatments applied.
dish was atbtached to prevent
so0il 1osses."The top tube was
emptied and Lhe 'onr tubes below
was each filled with a certain
weight| of soil according to Lthe
treatment appliced. At the site
of each of 'the 4 bottom tubes a
small glass tube was' inserted to 18

be used for injection of the o~

KH2 2P0y B’\/&
*glass syrenge for N/

3P injection
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2. Blant Material

fSt Expariment
Plant s e
WILILIS.
was planted

After

best growing

material Was SOy

bean wvar. Fach plant
Wit L3
the

seedling was left

container

seeds. one weell

to grow and the two others
were' incorporaleodd inta Lhe
soil.
.3. So0il Compaction

lSt ixperiment
To obtain different s0idl
compaction each tube was
filled with| diFferent | #Hoil

ne

weight as shown below,
P1 : each polybthylene Lube

was filled with 0.55 kg

air dried soil, the to-
tal so0il weight in the
plant containner was 4 x
0.5 kg = 200 kg

PA Ly egehl polyebhylene o Lulae

was [illed with 0.60 kg

lair dried soil, the

total soil weight in

each plant container was
‘ 4 x 0.80 = 2.40 kg .

P3 : the total air dried soil
in the plant container
was 2.72 kg, where each
polyethylene tube was

filled mith 0.88 kg goil

2nd

same plant

Experiment

The material was
. skt

used as in the 1°

Anil

method was applied.

Experiment.

t.he same cultivatian

gnd Lxperiment
the 1St

was

Like in experiment

' -filled
different soil weight to ob-

each pot with
tain different soil compaction

as follows,

Follows,

P1 : each pot was filled with
5.5 kg ailr dried soil.

P2 : pots were filled with
6.05 kg air dried soil
each

"% ¢ each polb was filled wilh
6.60 kg air dried soil

\

In both experiments the soil used was a Latosol type from Pasar

Jumat, South Jakarta,and the site from where soil was taken had
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been planted hefors with soybean. The physical and chemical

soil properties are presented in Table 1.

1.4. Radinoisolope amplayer

; : : o f R ; ;
The isobope used in bobth experiments was “P inithe  form  of
KH232P04 carrier free solution. The specific activity used was
100 uCi/1lml. The radiocisotope solution was injected into the

s0oil by disposable 5 ml syrenges 2 days before the plants were

harvested. :

lgt Experiment 2"d Experiment
In each soil depth which were, Like in the 1St Experiment
Q@ |= & om (K1), 5 % 10 cm carrier free KH232P04
CERD, 14 - 15 em (E3), 18 420 solution was injected into
cm (K4, 1 ml carrier free the soil equal to the soil

KH232P04 solution ag  injected depth employed in the lst

through the  glass tube experiment. The radioisotope.
attached to Lhe plant econtain- was injected in 4 holes
ars. surrounding the plants. [In

each hole 1 ml radoiisotope
solution was injactéd so that
each plant received 4 ml of

the radioisotope solution.

14.5. Percentage of plant roots

":THe percentage of roots was calculated based on the cpm of 3 P
in the shoots. ‘ '

1.é1 Basalldressihg and plant managementil

Basal dressing applied to both experiments at ‘planting time

was 20 kg N/ha, GO ﬁg P/ha, 60 kg K /ha . respectively, To

prevent drought plants were watered once in the two days.

In the 1?t experiment the seeds were planted on July Sth

th

and plant harvest was done on Augﬁst’23 1991 respectively.

For ‘the,znd experiment seeds were planted on October éth

and 'plant harvest were carried out on December 28th 19941 ,

1991 -

1991



1.7. Experimental design
The experimental design app lied for hoth experiments was a

factorial experiment involving a randomized block design with

3 replications.

1.8 .Parameters applied

ISt Experiment an Experiment
Parameters applied were, Parameters applied were,
-plant height and numhier comparing the cpm of 32?

of leaves observed at 3, 4, shoots to roots vs dry weight
5, and B weeks after planting of roots

(W1, W2, W3, W4) respecltively ~dry weight of shoots

~pod number observed at W3 and

Wa

~-plant dry weight

-root growth expressed in

percentapoe ol roobts [FEARERSTH

on the 32 P content of shoolg
-cpm of 32? of several plant

parts

2. Field Experiments

Two field experiments were conducted at the Center for the
Application of Isotopes and Radiation/PAIR - BATAN. Soil of 'the
experimental site was a Latosol type and its physical and
chemical properties are presented in Table 1.

The  plant material used was soybean wvar. TENGGER which was
planted directly after soil cultivation. Plant distance lUsed was
15 em x 40 em. Two harveet time were applied namely at +the R4
(pod formation stage) and R8 (seed maturity stage) stages of soy-

bean growth.

For the first experlment the dateq of plantlng and harvest

.were June 15th 1992 and September 16 1992 respectively. While

for the second experiment the dates were July an 1992 and

October 19th 1992 respectively.

Treatments employed in the two experiments were,




T : the experimonbal & itolinas cuallivated Hy o hand trachge il

| 2 | blof 4 times baelk lind forth

T2 Doedqual bo Lrealment T4 bul bhe site was Lractored only twuo

Limes

Cl : the experimental =ite was hoed once
All  the treatments were repecated 4 times and each treatment was
exacuted at a block of 3w x 3m. The total experimental blocks
used were 12 blocks. The design used was a completely randomized
block design.

The second experiment was done at the same site and using
the same blocks for khe samn Ereatments., So for example the (T4
treatment in the sccound experimen!l, has received 2 times T4
‘treatment, indicating that the experimental blocks for this
treatment has been tractored B times.

Parameters applied were,

g : o
‘R4 growth sbLage aclhive Jgrowling roots expressed by the “ap
(end of pod forma- content of stover and pods -
tion) - height of plants and number of pods

dry weipght of stover and pods
R8 |growlh sltage : - dry weight ol stover, seeds, and plants
(seed matu-

rity)

Radioisotope nsed woas Dhe gome uslused in the green house
experiments. For the first experiment the 329 was injected into 4
holes around the plant at a 10 cm distant from the plant stems
and at a 15 cm soill depth.

In the second experiment the 32P was injected at-the same distant
as 1n the first experiment but at two differeﬁt soil depths

namely 5 and 15 cm. Here the radioisotope was injected not into 4

L4
holes but into 6 holes around the plants.
- T e - y i

# A i 1N e soybean plant
+ \
’ ’ \
/ \

) : - ! 32

i r ; \ B x holes for P
\ o i / injections

,L\ rd \.“ */

re

Figure 2. Site for the injechtion of 32? around the soybean plants




In the Firvst and second experiment. each hole was injected wilkh
9 ml radicoisotope solution using a stainless steel syrenge, spe-
cially designed for injecting radiolsotopes solution in the
field.
The specilfic activity applied was 50 uCi/ml and 25 uwCi/ml for the
first and second experiment respectively.

The 32? analysis in the plant parts was done using the
method as described by L ANNUNZIATA (10).

RESULTS AND DICUSSIONS
1.Grnowth of sovbean roots

The growth of soybean roots obtained from the greenhouse
experiments are presented in Figures 3 and 4.
Figure 3 clearly shows that the highest root growth for the three
different soil compaction are all concentrated at the upper soil
depth (K1, 0 - 5 em so0il depth). But the highé@t root, growth for

this particular depth is for the most severe so0il compaction

(P3). This was shown by root growth expresgsed in Arcsin 1
(Arcsin V% dry weight of root) and Arosin II ¢ V% cpn |of
shoots). TIor the lightest soil compaction (Pl) the root growth

for the lower soil layers (K2, K3, Kd4) decreased gradually,
meaning that the roots are in 8 sense more equally distributed
among these Soillluyérs. While Pfor the more severe compaction (P2
and P3), the decreuse is more diskinguish especially for the most
sevefe compaction (P3). This suggest that with the increase of
so0il compactioﬁ, roots would mostly concentrated sat the top
s0il. This is in line with data obtained by GOSS and DREW (11),5-
-showing that soil compaction could'inhibif the penetration of
foot into the deeper soil layers. According to. RUSSELL (12),
this is due to the decrease of soil pores and Oz contration and
the increase of CO2 concentration.The fact that roots
concentrated in the top soils when soil compacﬁiqn occurs could
”ﬁeﬁdanger plant growth. This was suggested by ALSTON and LUNGLEY
(13) who stated that when a change of eﬁvironment towards the
worst occurrs for example the occurring of drougth, the first
root  which will suffer are the roots ;n the top so0il layers. So

there would be only a smali amount of‘foots left in the deeper




soill layers to support plant srowkh .

B 3 also shows that for tha lightest (P1l) and moderate soil
compaction (P2), Arcsin I is lower than Arcsin I1I. Indicating
thal aecbive growing roots are less than the total roots. While

for Lthe severe soil compaction (P3) nearly all.roots are still
active growing but the totai roots are quite low. This shows that
the plants were restricted in their total root growth.

The second greenhouse experiment showed that the cpm of
rooks were much higher than the cpm of shoots. On the other hand
Lhe cpm of the roots are more or less related to the dry weight-

of khe root. This might be due to the equilibrium between shoots

w

and roots of 2? which has not been achieved. As mentioned befdre -

the time between 32P application and plant harvest was only two
days. Apprently 2 days is too short for 32? to reach lan
equilibrium betwéen roots and shoots. ;

In the field experiments the root growth is expressed in cpm
of stover and pods as presented in Table 2. Data obtained from
the first experiment showed that the cpm of the roots of all the
three different experiment was nearly equal. It might be that
thiz was due Ltn the equilibrium of 32? which has been reached
after two weeks. As mentioned in Materials and Method the time
relapse between 32? application and plant harvest was two weeks
and it seems that this period of fLime was enough for 32? to es-
tablish its equilibrium between roots and shoots. Further it was
shown that the most active growing roots judged by the cpm of
stover and pods is, for treatment T4 and the lowest .is for
treatment T2 respectively (Table 2), In the ‘second experiment
there was not much difference between the cpm of all three
treatments for roots in the 5 em soil depth expraséed in epm of

83

ghover but when oxpressed in cpm of pods the difference was quite
high and the highest cpm is for treatment C1 (Table 2).
Basing root growth on plant parts with the highest c¢pm should be
considered for further root growth studies.

The data of the first and second experiments suggested that the
application of the treatments after two experiments especially
 for the heavy used of the hand tractor showed, that there is

\
alregdy an effect of soil compaction on root growth.




Compsaring the field experiment to the green house experiment
apparently  in  the field, more used of hand Lraptbtdr: Fop o siond
cultivation is needed to show an effect of svil compaction | on

root growth, while for green house studies Ehis purpose was

reasily achieved .

2. Rlant gronlh _of sovbean .

In  bLolh groeonhouse (Jxkzurnimesnlis Lhe plant growbth was
inhibited by the inecreasing soil compaction (Figures 3 and ).
This strongly indicated thalt Lhere must be a correlation between
root growth and plant growth, showing . that less plant growth was
a result of less root Browth.

Interesthing data is shown by the FPield experimentsf For the
first experiment the best plant growth was shown by the plants
receiving the T2 treatments for both harvest (Tables 3 and 4).
While in the second experiment this was achieved by plants recei-
ving the C1 treatment (Tables 3 and 4). The lowest growth in the
first experiment was for the plants receiving ﬁhe T4 treatment at

the R4 harvest but for the second harvest (RB) it was for plants

 receiving the Ci1 treatment - (Tables 3 and 4). This shcws that

ﬁlants receiving the T4 treatment when given time could _recover.
Plant growth was expressed in several parameters as presented in
Tables 3 and 4. Iﬁ the second experiment the highest plant growth
was shown by plants applied with the Cl treatment and the lowest
growth was achieved by plants apllied with the T4 treatment. When
connecting the plant growth and root growth apparently it could

~ be " assumed that there was a distinguished correlation between:

i root growth and upper plant growth as obtained too by data fromﬁu

the greenhouse experiments. In the field.experiment at the second

-experiment the soil cultivated by hand tractor was already quite

compact to have an effect on root and this would have an effect

. on plant growth. -

In the first field experiment it was shown that the highest.

'fdot growth in the 15 cm so0il depth was for plant +treated with

the T4 treatment (Table 2). But from plant growth data
presented in Tables 3 and 4 it was shown that the highest plant
growth was achieved by plants applied by the T2 treatment. |It

10




celd be suggested hbased on this cdata that roots in the- 15 |em
soil depth alone was not encugh Lo sustain plants for sood
growth. Apparently root in the so0il depth deeper than 15 cm are
s5L1ll needed to support plant growth. Obviously fpr the T4 tfeatﬂ
ment beneath the 15 c¢m  soil depth Lhere was already a forming of
a hard pan which could not be penctrated by plant roots result-
ing in less plant root and causing less plant growth.
For the second experiment the root growth condition was
visualized well by the plant growth. Low or high root growth ex-
pressed in cpm of several plant parts resulted in low or high
.plant growth toon. From the second experiment'it.was'clearly shown
-that soil compaction inhibited root growth in the field and will
further affected plant growth. The data obtained from all the
~experiment reported here is in line with data obtained By other
reseach workers (6, 9, 14, 125 Y

Other interesting data From the field experiments showéd
that plant growth expressed in several parameters were higher in
the second experiment compared to the ﬁirst egxperiment for bolth
harvest (Table 3). It - might be that this was due to the. season,
which was different f[or both experiments. The first experiment
was done at the beginning of the dry season while the second

experiment was executed in the beginning of the wet season.

CONCLUSIONS

Soil: compaction treatments executed in the green house and
field experiments were ablerto decrease root and plant growth. In
the field experiment“the‘decrease of growth both for *rbot and
plant was more éignificantly shown in the second experiﬁent.

High root growth .in certain soil depth apparently was not
enough‘to sustain high plant growth. ‘

Further experiments have to be conducted to obtain the best
cultivation method to be applied when using agriculfural

machinary for optimal_plaqt growth by reseach workers who might

be interested in using 32P_for root studies.

11
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Tahls % [FPlant yrawth of sovbean expressed in several  pavamebdrs
agl ablfeclbed by soil compaction at. R4 growlh stage

2 ; S ;
1= Experiment 2 xperimant

PH NP DwE Dus PH NP DwP DwS

(em) (g) (8)

(em) (g (&)
T4 B7.75 3F.78 BBl 13.40 Bd.2 B0} 1250 HE
0 025 Af.40 728 16,00 (Bli8l BBl a2.40 gl

C1 6.00 . 86,88 . B8.80 .. 15, 80 1118 =888 14 .6 29.4

Cale.- T ns ns ns nes R ne * g

LSD | (&%) e s = g 328 == L Te 3.68
L1357 . s 4,28 . =~ oo 4.91

CV (%) 6.8a 181 17.5% 112.38 10.98 23.54 23.38° 25,18

Noteg : PH | = Plant Helghty NP = Bumber of Pode,, DuP =  Diy
: weight of Parlg, DwS = Dry weight of Stover
Cale.~ F = {Caleulated ~ P, LSD =z lLeast Significant
Dififterence, CV = Cogfficient of Variation
ns = not significant, * = @gignificant at P < 0.05 ;
** = gignificant at P < 0.01
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