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The Influence of N-P-K Feftilizer Rates and Cropping Systems on Root Biomass

and Some Root l\{orphological Variables of Sweet Corl and Vegetable Soybean

'Abdulkadir Iman, 'Zakaria Wahab, 'N4ohd. Riclnvan Abd Halim and 2Syed Omar Syed Rastan
'Department of Crop Science, Universiti Putra Maiaysia, 434t10 Serdang Selangor, Malaysia

2Department of Land Management, Universiti Putra Malaysia, 43400 Serdang Selangor, Malaysia

Abstmct: A field experrment using L2>:0.5.0.5 rn rhizoboxes u'ith 280 kg soil was carried out to investigate the

eft'ect of tlree N-P-K t'ertriizer rates (,50. 100 ald 1 5t10.,6 of the recommended fertilizer rate) and cropplng systems
(rrrono-crop com or soybean, rntercrop com and sol,bean without root separation, with plastic and wrth
geotextile root separation) on root biomass, volume surface area and total root length, Mono-crop com and
intercropped com under plastic sheet root separation had significantly higher total root length than

intercr opped com wrthor.rt root separation and with geotextile root separation, but soybean lugher root vohune
r,vas notrced in intercropped soybea:r lvithout root separation ancl ,,vith geotextrle root separaton. Increasing

i'etility level from -509,'o of recommencled rate @I'R) to 1 00 and 1 50% RFR sigruficantly increased root dry u'eight
of com and soybearl as lvell as root volume, surface alea and total root length of com. In soybean increasing

fertilig' level from 50 to 1 0096 RFR urcreased total root length and root surface area, but fr,ulher increase to 1 50%
of recommended rate decreased both var-iables.

Keywords: Cropping systems, feftilizer lates, root biornass, surface area, Length, volune, corrl soybeirn

INTRODTICTION

Roots are the prrmarv sites for the uptake of all
mrneral eiements and rvater recluired for crop grornth. Due
to thrs tbct, root growth and development are highly
plastrc (Neulann and Martrnoia, 2002) and depend much
on manv soil factors lke water content, nutrient
availabilitr'. aeratiorl pH, bulky densitv and sorl
teilrperatue (Glnski and Lipiec, 1990). Moreover, plants
alloctrte mr-rch of their photosynthates to root producLion
arrd nrairrferunce; for urstance, Jackson et al (199"1)

estrmated that 33% of global arurual net primary
productron is used for tlner root production and the
growth and marrtenance of flne roots may use up to 500/o
of daily photoslnthetic in crop plants ( Lambers, 1 987 t,

When plants €re grown together, there is both above
and below gr-ound interaction which determine resource
use. this indicates the rmportance of roots ur crop

lloduction. However, detailed root str-rdies are urdertaken
less compared to shoot studies, becalse root sample
acclursitron and analysis :ue tedious and time corrsurnlng
(Zoon trnd Van Tiendererl 1990), some of the research
lurclirrgs urchcate that root colnpetitlon has a greater effect
thzrn shoot cornpetilion on the relative performance of
associatecJ species (Peach e/ a/., 2000) IJnder conditions,
rvhere liglrt and water are not luniturg, mrtnent is the ma..;or
sotu'ce of competition of associated species ifrooting

depth is the same. Nevertheless, nr.rtrient supply is not

urifom down the soil profile anci crop plants differ in ther

abrlrty to obtain nutrients lrom different soil profiles
(Gernrey et al.,2{N2). For irstance mono-crop Achillea

millefolium plant obtained nore rutrogen when nutrient

was injected art 5 cm rather than 20 cm. But, rvhen this

plarrt was rntercropped with Festuca ovina, Achillea

acqtured more nitrogen in lower depth (Jumpponunet al.,

2002). The interesting point is that, roots can distrrguish
potentially competing roots of the same or different

species (Faiik et a|.,2003'l and as a result plants nay avoid

resourae competition by using root system plasticity
(FrrJer et a1.,2002). Additronally root mass which is easrer

to measr,re than total root length and sr-rface area has

been used to compare root systems (L4urphy and
Smucker, 1995), but root rnass measurements are not

indicatrve of the total absorptrve area of the root system

and alteration of root system architecture cart happen

wrthout a change in total root biomass (Hodge, 2t104)

Mineral mrtrient supply greatJy affecls both size

and morpirology of root systerlrs (Durieux et al., 1994'1,

among nutrients nitrogen (Sattelmacher et al., 1993,

Durier-x et al., 1991 Zhang and Forde, 1998) and
phosphorrs (Kr,rang et al., 2OO5'l are said to have greater

influence on root growtlq while potassium effect rs no weil

documentecl (Robrrson and va:r Vuuren, 1998).
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Ivleanvhile, though com and soybean are grown

together httle is known about theil root interactrons
(Hayashi and Shigenaga, 1993) turd how ferhht.7 levels
influence the root morphology. It was reported that
applicatron of 160 kg Plha as tlipie slper phosphate

increased root dry weight, but decreased total root length
ancl root stuface area of soybean (Kuang et a1.,2005).
lvforeover, Kuang e/ al. (2005), also reportedthat both N
and P content corelated with root morphological traits of
soy'bean, which may Lmply that N taken up by the roots
n'ray corrtribute more to the plant N status than brological

N fixation ur then experrment. Frrthermore, Durierx e/ a/.

11994) notrced that increasing nitrogen t'er-trlizer rate from
Lt te 140 kg N ha-' increased total root length of com
rvhile furilrer fertilizer rate urcrease to 224 kg N ha '

reduced total root length of corn.
Root length and root surface area correlated highly to

the to the phosphorus uptake by the plants under 1ow P
soil  srtuation (Vance et al. ,2OO3,Yanet a1.,2004). Hence,
totai root length surface area and root volume might be
better-root characters which can indicate the effect of
nutrient and cropping systems.

Hence, this study was conducted to rnvestigate how
t-efii1ib/ levels and cropping systems influence root
morphology a:rd biomass of sweet com and vegetable.

I,IATERI.{IS AND METHODS

The field study was conducted lrorn August to
November 2004 at the experimental farm (field two) of the
Dcpa:tment of Crop Science, Faculty of Agriculture,
l lnrversity Pr-rtra Malaysia (3'00'N, 101 "42E, with
an altrtrrde of 30 m above mean sea level). The
experimental design r,vas factorial in RCBD; with two
f-actors replicated thrice. The two factors were. Factor A:
comprised four cropping systems, namely: mono-crop
s\,veet com qC-'s,), mono-clop vegetable soybean (Csr),

intercropped slveet com and vegetable soybean without
root separatron (Csr), intercropped sweet com and
vegetable soybean with plastic sheet root separatton
(Cso), intercropped sweet com and vegetable soybean

r,vith geotextile root separation (Cs5). Factor B: consists of
tllee l'ertrlig' levels of 50% (FL), 100% (F,) and 150% (F3)

of the reconnended fertrlizer mte (120. 60:90, N:P,O5:K2O
ibr srveet corn eind 34: 56.56, N:PrO,:K p tbr vegetable
so1'bezur).

Rhizoboxes havurg dimensiorx of 1.2'0.5 x0.5 m were
prepared fiom ply wood alcl plastuc sheets Tlree srdes of
the rhzobex were covered with plastrc sheet, while
the fotulh side had acrylic sheet for root obser',atrotr
and then coveLed with ply rvood door. Based on the
treatrnents plastrc sheet and geotextrle were used for root

separation. Plastic mesh and wooden sticks were placed
at the bottom of the boxes to facilitate better drairnge. ur
additron clay bricks were put below the boxes to raise the
boxes lrom the ground 1evel. Boxes were arranged rn the
field with a distance of 3 m between treatrnents and 4 m
between replications.

Muchong soil serres ( Very frre. kaohnitic,
isohypefiherrnic (Paramananthan, 2000) from field ten
(Universitr Putra Malaysia) were cut up to one meter
(cutting first the upper 20 cm separately foilowed by the
sub soil 80 cm). The sub soil was filled in the boxes up to
80 cm arrd after two days the remaimng 20 cm surl'ace soil
was filled. Soil pH was measured and based on the result
lime was applied and made the pH 6.

After the harvest of above ground plant parts of
sweet com and vegetable soybean, the door and the
acrylic sheet of the rhizoboxes were carefully removed
with out distrnbing the soil. Then the roots were obtained
by gradually looserung the soil and taking the roots out

layer by layer. The very dense roots of the upper soil
layer were first taken ard followed by lower layers. Roots
were placed on contaner with sieves of several mesh
sizes to prevent loss of fine roots during washing,
following the method of Costa et al. (2OOO). Roots were
immediately taken to the laboratory and kept rn the
refrigerator set at 4oC, till analysrs. Roots length volume
and surface area were analyzed usrng Whrr Rtuzo scanner
(a, b, c 2000) an interactive scanner-based image analysis
that controls scanning, drgitizing AND analysis of root
samples. Roots were placed ur the plexiglass trays
(1 50 1250 mm) with 5 to I 0 mm deep water layer, depending
on root size. Roots were spread on the tray before
scannrng to minimize overlapping. For root dry weiglrt
measurement, roots were dried in an oven at 80'C for 72

h at and weighed using sensitive balance.
The data was subjected to analysis of variance

(ANOVA) for factorial RCBD with the help of SAS soft
ware (SAS hxt., 2004), treatment mears were compared at
p<0 05, using Least Significant Difference (LSD) (Gomez

and Gomez, 1984). Interaction was not sigruficarrt, hence
main factors are plesented.

RESf]LTS

Interaction was not significant and hence in thrs
paper the result of cropping systems and fertility levels
are presented.

Root dry weight: Fertility levels sigmficantly (p<0 05)
influenced root dry weight of both sweet com and
vegetable soybear, while cropping systems did not affect
root biomass (Fig. 1a and b) Hundred and fifty percent of
the recomrnended ferhli$ level recorded heaviest root dry

112
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weight of both crops, 50%o of recommended rate resulted
in least r-oot chy rveight, rvhile the medrum fefiility level
recorcled average root dry weight ( Fig 1a and b).

Nfeanr,vhle, croppurg systems failed to affect root dry
iv eight s ignificartly, thor-rgh numerical differences were
noticed. Mono-crop soybean had higher root dry weight
compared to soybean rn other treatments; intercrop com
without root separation was also had hrgher root dry
rveight than other com in other tr-eatmerrts.

Root volurne: Root volume of vegetable soybean was
srgmlicantly (p<0 05) influenced by fertrlity levels but not
cropping systems. \,Vith regard to sweet conl srgnificant
difterence among treatnents lvas notrced due to fertility
levels. br-rt cropping systems did not affect root volume of
sweet co1'n (Fig. 2a) Root volume of vegetable soybean
urcreased with increasing fertility levels from fifty percent
of RFR (14.1 cmr/plant) to hurcted percentof RFR
(19.87 cm3/plant) a:rd further increase of fertrlity leve1s to
1509,b RFR (19.64 cmr/plant) drd not signiflcantly affect
root l'olume of soybean. Among the croppurg systems,
the most voluminous soybean root was recorded when
soybean and com were grown together without root
separation and with geotextile root separation, but drd not
differ signiticantly from other systems (Fig. 2a and b)

Hundred and fitg' percent of recommended fertiliff
rate resultecl in significantly voluminors corn root
(296 86 cmr/plant) compared to other fertrlity levels. The
lowest root volume of 65.21 cmr/plant was noticed in the
lor,vest t-ertility level, medirmr fertility level recorded
average root voh-rme of 127.95 cmt/plant. Different
clopping systems did not either rmprove or retard root
volurne of slveet corq but nevertheless numerically the
highest root volume of com was recorded when com and
s oybean root systems rnterrning led.

Tot:rl root length: Increasurg fertrlizel rate applicatron to
vegetable soybean srgnificantly (p<0 05) affected total

600

Fl E2 E3
Fertility lwels

Cs2 Cs3 Ce4 Cs5
Cropping systrm

root length The longest roots of 82.9 m/p1ant was
recorded for the featrnents received the recommended
fertilizer rate and shortest roots (49.23 m/pla:rt) was

noticed under the lowest fertilizer rate; wtule highest
fertilizer rate reduced totai root lenglh (72.15 m/plant)

compared to recommended rate. Cropping systems failed

to significantiy influence total root length of vegetable
soybean (Fig 3b).

On the contrary to soybearl cropping systems

significarrtly influenced total root length of com by which
mono-crop com a:rd com intercropped wrth soybean

turder piastic sheet root partitioning had significantly
higher total root length compared to other cropping
systems (Fig. 3a) On the other hand, there was sigruficant
increase of total root length of sweet com from lower
(1 16.98 m/plant), to medium (203.05 m/plant) and to the
highest (272ntlplant) fertilizer rate (Fig. 3a).

Root Surface area: Increasing fertility level from 50%
RFR to 1 00% RFR increased root strface area ofvegetable
soybean by 79.2%; but increasing fedility level tiom

I 00% RFR to I50Yo RFR decreased root surface area of
vegetable soybeanby 15% (Fig. ab)

Cropping systems had no significant effect on r-oot

srrface area ofvegetable soybean.
In the case of sweet conr. increasrrg fertrlity level

from 50% RR, 100% RFR and 150% RFR sigmficantly

enhanced root surface area of sweet com (Fig. 3a). On the
other hand, no significant differences between the

treahnents were detected due to cropprrg systems.

DISCUSSION

Root dry weight of sweet com and vegetable
soybean increased as fertilizer rate increased (Fig 3a and

b); the magnitude of increase was 94 and 360/o for com

and 18 and 14Vo for soybean from lowest to medium and
from medrum to llghest fertilrty levels, respectrvely Thrs
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was attribr:tedto fertility level, because increasing fertrlity

level enhanced dry matter production, rvhch partually was
tralslocated to the roots which absorb nutrient and water.
adclitionally heavier above ground plant parls need strong

roots to anchor to the soil and hence plants allocated
rnore drJ, mafier to the root. Gersani and Sachs, (1 992) also

reporled increased root biomass of pea crop as nutrient
1evel increased. On the othel hand, cropplng systems did
not drfler-with regard to dry matter accr,unulation to roots,

ttris mrght be rooting zone drfference between the tlvo

crops and we noticed that soybean and com roots
concentrate t1le upper 20 eurd 40 crn, respectrvely, this

rniglrt resulted in better coexistence and inter-specific
conpetition lvas eqr.nl r,vith rrtr-a-specific competrton with
regard to root dry matter production. However, thrs resr-rlt
is in disagr-eement with the lindrngs of Hayashi and

Shigenaga, (1993) who reported increased root dry weight
of intercropped com compared to mono-crop, but, they
clid not mention the fertilif management of the system

ancl the only explanation can be given to thrs is that
varretres may respond drfl'erently to crop-crop

interference. lr4oreover, r-oot dry weight might not be
a good urdicator of the total absorptive area of the
root system and alteration of root system architechrre
c:ur happen lvithout a change in total root biomass
(Hodge, 2004).

Root voiume of both crops was significantly

increased by fertilif levels (Frg. 2a and b) Com plants

that r-eceived hurdred percent of recommended fertrlity
rate @FR) had two fold more volummous roots than those
received 509'0 Rf'R, wllle further rncrease in fedilrty level

tl'om 1009b RFR to i 50% RFR, rncreased com root volume
mole than two folds. With regard to soybean, rncreasrng

ferth$ level frorn 50% RFR to 100% RFR increased root

volume, but furtrel increase of fertility level did not
significantly atGcted root volume. These results indicate
th?lt, com plalts need more nutrient than soybean and the
nutrient r-ates applied to com was not adeqtrate. Hence,
corn plants lnve to find ways to exploit large volr,rme of
soil resoruces and due to this lbct it produced larger root
volunes In conh-ast, hrghest l'ertilizer rate seems to be
optirnum for soybean crop and no need to rncrease r-oot

volr.ure Sol,bean had highest root volume, when

intercr opped with sweet com without root separation and
ri'ith geotextile root separation; although not significantly
dift'erent tiom other clopping systems; and this is the first

time to report to such phenomenon. The root volume
modrfication of soybeal may be a sort of coexistence
betlveen the two crops. There are some findings which

indicate the ability of plart roots to identify their
neighborrng plants (Miana et a1.,2002, Gersan et al.,

lo()1 ). hence, the type of neighboring pla:rt can have a
large ulpact on root morphological response of
associatecl cr-ops (Huber- Sannwald e t al., 1 991'5.

Com plants receiving 50% RI'R had total root length

of 1 16.98 m and rncreasing fertrlizer level to 100% and

150% Rf'R doubled (203 m) and tripled (212 m') the total

root length. TLls finding seems to conflict with the work

of Durierx et al. (1994\ who noticed reduced total root

length of com at tugher fertilizer N rates, but the highest

rate of fertrlizer we apphed (180 kg N ha-') was less tlnn

the amourt they applied Q2  kg N ha ') and hence total

root length declrre seems to happen at higher fertihzer

rate at wllch plants do not need to increase root length

due to adequate supply of nutrients. Conversely,

increasing l'ertilrty level from 50% RFR to 100% RFR

increased total root length of vegetable soybean by 160/o,

br-rt lirther increase from 100 to 150% RFR decreased total

root length by 1 6%. The implication of the result is that ur

sweet com, fertility 1eve1 was not enough a:ld root length

lvas increased to exploit deeper soil layers, where as rn

soybean atl0O0k RFR total root length was more, because

fertrhzer-s applied at surface layer was not enough ald to

get additional nutrient, root architecture was modified

tluough increase in both total length and surface

area, however at 150% RFR, nutrient might be

sufficient for soybean and no need to construct new

organs. F jtter et al. (2002) demonstrated that an increase

in root length density is more important for acquisitron

immobile ions than mobile ones, but root length

modification in resporse to both mobile and rmmobile

nutrients (liPK) are a.1so recorded (Durieu-x et al., 1991,

Robinson and van Vuruen, 1998), hence hcrease in root

length is not necessary, in generai rurder adequate soil

fetilig, as Grrme et ctl. (1991) also noticed that at hrgher
resource availability rr fertile sites offset the cost ofnew

organ prodr-rction. Mono-crop sweet com and sweet com

intercropped wrth soybean under plastic sheet root
separation had the longest total root length compared to

other treatnents (Fig. 3a), this indicates that competition

between com roots were more than that of between com
and soybean roots as indicated by modification of cotn

root length and soybean root volume, because roots of

diff'erent species differ in rooting zone and to avoid

competitron adopt morphological root plastrcity Roots of

corn occupied deeper soil layers ttnn those of soybean
(ou field observation), since soil fertility varies dov'n soil
profile ald crops have different capaclty to obtarr

nutrientfrom different depths (Genney et a|.,2002), hence

these two crops were able to coexist by concentrating
their roots in drfferent layers. The modification of total

root length of com and root volume of soybean is the first

case to report; hence further work is required whether

drfferent vaneties com and soybean under inter-cropprng

will behave the same.
Increasing fefirlity level from 50 to 1 00% and then to

1 50% RFR; enhanced root surface area of slveet com

1 1 5
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(Fig 4a) The magmtude of increase in com root surface
alea lion 50 to 100% RFR was 65%, while ftuther increase
of ferhliq, to 150% increased 410%. As we said earlier, most

likely up to 150% RFR is not the optlmum rate for com and
due tlls crop increased root surface area the absorb

addrtional nutrient from unexploited deeper soil layers. In
sovbean, similar to the total root lengt\ increasing

t'efii[q' 1evel increased root surface area initially and
fiu{rel rncrease reduced. The magnitude of rncrease ur

sol,bean root stuface area from 50 to 100% RFR was 52%,
u'hile fturher rncrease of fertility to 1500zir decreased 170l0.

In line rvith this result Kuang e/ al. (2005') reported that
application of 160 kg P ha ' as triple super phosphate

increased root dry weight, but decreased root length and
roc'lt surface area of soybean.

CONCLUSIONS

Highest fefiilif level caued vegetable soybean

plant to modrly root morphology by reducrng total root
lergth and surface area, due to the availability of

aderpate nr:h-ient planS did not invest rnuch on new root
organ consh-uctions. With regard to sweet corn nutrient
supply rvas not adequate even up to the highest ievel and
as a result of this plants increased total root length,

volune and sruface area to exploit more soil resources.
There was adaptation of coexistence mechanism in com

trnd soybean intercrop to avoid competition wllch was
root volume ald total root length adjustment for

vegetable soybeal and sweet-com, respectively.
\.,Ioreover, root biomass might not be a good indicatron to
inclicate total absorptive area of the root systen, because
root morphological chalacters are more plastrc than root

bromass at least rn this experiment. Hence, tolal root
length and strface area in general and particularly rn

soybean may be used as an indication of fertilizer rate
adequacy tbr crop growth. Total root length and root

voltu-ne moditlcations as a result of intercropping needs
tirfther study. surce it is the tlrst tlme to report.
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