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Practical Methods for Increasing Light Interception Efficiency and Root Growth in Sovbean
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Abstract: Determining the effect of different sources of nitrogen and weeds on two varieties of soybean, an
experiment was conducted out at research station of Tabriz Umversity, Iran. Treatments were two varieties
(Williams and Harcor), four nitrogen levels (two levels of symbioctic bacteria and two levels of urea) and weeds
(with and without control). Results showed that three various factors can significantly change the
Photosynthetically Active Radiation (PAR) amount at different layers of canopy. Solar radiation decreased in
a vertical profile of canopy because of increasing Leaf Area Index (LAI). At the bottom level of canopy only
6% of total arrived PAR was recorded. Increasing LAT caused a sharp decrease in Light Interception Efficiency
(LTE) in the canopy. Weeds significantly affected root nodules in dry and fresh weights. So, in weedy condition
of soybean canopy, accumulation of dry matter decreases due to decline in LIE. On the other hand, weeds can
strongly affect on nodules activity and decrease potential of mtrogen fixation by symbiosis bacteria.
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INTRODUCTION

Leaf Area Index (LLAT) and architecture of leaves are
two main characteristics that define light mterception in
the canopy (Rao et al., 2002). There 1s a linear relation
between the cumulative dry matter production and
cumulative light interception that slop of this line defines
Radiation Use Efficiency (RUE) (Purcell et af., 2002). The
cumulative amount of light intercepted by a crop depends
upon the number of days of light accumulation, the
quantity of daily radiation and fraction of light intercepted
by the crop on a daily basis. So, plants with long growth
season and smooth leaves have greater efficiency m light
interception. In addition, planting date and density of
plants can alter the intercepted light (Purcell et «l., 2002).
Soybean 1s a self-destructive plant because of its grain
high requirements to nitrogen. Redistribution of nitrogen
from wvegetative parts specially leaves to grains causes
leaf senescence that can affect light interception by
decreasing LAT (Smclair and de Witt, 1976; Sinclair et al.,
2007, Ghosh et al., 2006).

In a weed-crop mixture canopy, competing for light
causes yield decrease in crops (Holt, 1995). A crop
canopy drastically alters both light mtensity and quality.
Although canopies provide effective weed suppression,
some weeds are adapted to swvive in poor light
environments. Selection of competitive cultivars and
appropriate menagement techmques will improve weed

control through competition for light (Bussan et al., 1997).
Weed interference with soybean can significantly
decrease leaf area (Van-Acker et al, 1993) and leaf area
duration (Graham et af., 1998) that indirectly changes solar
intercepted radiation. Soybean 13 a Nitrogen Fixing
Species (NFS) and its fixing efficiency depends upon the
bacterial ~ strain, nitrogen availability and scil
physiochemical properties (Ofosu Budu et al., 1993;
Song et al., 1993; Smgleton and Van Kessel, 1987). Root
growth and nodulation of roots are related together. N,
fixation creates a strong localized smk for photosynthate
that affects both root and nodule development. The
control of carbon flow to roots and nodules 1s affected
by the output of N, fixation products from nodules.
The effects of nitrogen assimilation on carbon partitioning
to roots are sinilar whether the source of N 1s morganic
or from N, fixation (Singleton and Van Kessel, 1987,
Corre-Hellou et al., 2007; Greci et al., 2007).

The objectives of this study were to determine the
effects of different sources of mtrogen (symbiotic fixation
and urea) and weeds on soybean leaf area index, solar
radiation interception in different strata of canopy, root-
shoot growth and nodules formation.

MATERIALS AND METHODS

Field experiments were carried out at research station
of Tabriz University (46° 17" E, 38° 5" N) withmean armual
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Table 1: Manner of fertilizer (kg ha™!) application in plots

Phonological phases

Treatments Application method vV, Vy Vs R;-R;
N, Inoculation of seeds with Bradyrhizobium _japonicum _ _ _ _
N, Tnoculation with bacteria + N topdressing in R;-R; - - - 50
N; N application in three topdressing payments before flowering 60 50 50 _
Ny N application same as N, + N topdressing in R;-Ry 60 50 50 50

V and R are soybean development stages according to Fehr and Caviness (1977), W is different nitrogen levels

rainfall and mean annual air temperature, respectively
271.3 mm and 10°C. The experimental plots were laid out
m a factorial experiment with three replications that
arranged 1n a randomized complete block design. Plots
had 5 rows with 60 cm row spacing. Treatments were
varieties (Williams, maturity group three and Harcor,
maturity group two), four N levels (Table 1) and weeds
(without control and hand-weeding). Planting dates were
19 May 2004 and 12 May 2005.

To evaluation of dry and fresh weights of nodules,
three pots (60x20 cm) were placed in plots with three
plants in them. At R, stage of soybean growth (Fehr and
Caviness, 1977), 0.5 m of one row of each plot was
harvested to determining leaf area. In this stage, solar
radiation was measured with Sunscan using a 1 m line
quantum sensor m three different vertical strata: top,
middle and bottom layers of canopy. These measurements
were done in four sequential days in similar hour of day
for each block. Excavation method (Boehm, 1979) with 1 m
s01l depth was used for main root length measurement.

Data were first tested for normality and with in
groups homogenesity (Mstat-C software). Then analysis
of variance was done by SAS and combimned analysis with
Mstat-C. Means were compared with Duncan test at 1%
probability level. Regression analysis was conducted out
with SP3S13 and graphs were drawn with Excel2003.

RESULTS AND DISCUSSION

Solar radiation changes: Top surface of soybean canopy
was the reference for light measurement. Separate and
combined analyses of variance for top level of canopy
radiation showed significant differences between only
weed treatments, because of some taller weeds than
soybean. At the middle level of canopy, all simple effects
were significant in both years but mteraction between
nitrogen levels and varieties was significant in the first
year of experiment. The least transmitted light was seen in
urea treatments (Fig. 1). There were significant differences
between two varleties for light interception (Fig. 2).
Williams has wide leaflets with more surface than Harcor
and its leaf angle is lesser than Harcor, so transmitted
light to middle layer of its canopy was lesser than Harcor.
Amounts of light in the middle of Williams' canopy were
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Fig. 1: PAR intensity at the middle strata of canopy, left:
first year and right: second year
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Fig. 2: Variety effects on light interception at bottom and
middle layer of canopy, left: first year and right:
second year

16 and 19 and for Harcor were 22 and 24% of top level
radiation m the first and second years, respectively.
Similar results were shown by Jannink et al. (2000),
Rao et al. (2002) and Board (2000) on different varieties.
Difference in weeds density at any layer of canopy
caused different transmittance of light (Fig. 3).

At the bottom level, Williams canopy had only 6% of
top intercepted radiation (Fig. 2). Effect of different N
levels (Fig. 5) and weeds (Fig. 3) on the bottom level of
canopy (soil surface) was very sigmficant. In the first year
interaction between nitrogen and variety was significant
(Fig. 4), but in the second year interaction between
nitrogen and weeds with interaction between variety and
weeds were significant (Table 2).
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Table 2: Mean of nitrogen® weed and variety™ weed combinations for the PAR at the bottom layer of canopy in the second yvear of experiment (p<0.01)

Mean of PAR intensity

Mean of PAR intensity

Nitrogen levels Weed levels (umol m~? sec™!) Variety levels Weed levels (umol m—2 sec™)
N, Weedy 113.7¢¢ Williams Weedy 71.73°
N, Weed free 186.60° Williams Weed free 134.10°
N, Weedy 46.72¢ Harcor Weedy 89.02
N, Weed free 87.78%d Harcor Weed free 199.60°
N; Weedy 95.83%
N; Weed fiee 213.10°
N, Weedy 65.25%¢
N, Weed firee 180.00°
Values with different superscripts letter(s) are significantly different at p<0.05
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Fig. 3. Weed effects on light interception at bottom and
middle layer of canopy. Left: first year and right:
second year

Leaf area index: Only simple effects of nitrogen and
weeds had significant effects on LAI (Fig. 6). Urea
because of its fast solubility in the soil was better than
simbionts m leaf growth and expansion Weed
interference decreased soybean LAT in the first and
second years about 44.4 and 43.5%, respectively.
Van-Acker e al. (1993), Geddes et al (1979) and
Graham ef al. (1988) have shown that soybean LAl
decreases in weed competition.

LAT and light absorption mcrease in the canopy are
related together by Light Tnterception Efficiency (LIE). LIE
1s defined as LI/ LAI, (Board and Harville, 1992), which LI
is light interception and calculated with this equation:

LI=1-[(T)/(I.)] Purcell et al. (2002)

Where:

I = Quantity of radiation at the defined layer of
canopy

I. = Rradiation amount at the top surface of canopy

A relation between LAI and LIE was found at the
middle layer (Fig. 7). This is a negative relation, so by
mcreasing LATL LIE is declined. On the other hand, weed
interference also increases total LAT (crop and weed LLAT)
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Fig. 4: Nitrogen and variety combination effects on light
interception at bottom and middle layers of
canopy (N is nitrogen level and V is variety)
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Fig. 5. Nitrogen effects on light mterception at bottom
and middle layers of canopy, Left: first vear and
right: second year (N 1s nitrogen level)

and causes to faster decrease in LIE. Nitrogen applying in
the weedy condition can strongly decrease crop LIE, but
with the good control of weeds it decreases slowly.

Root-shoot growth: Nitrogen sources had sigmficant
effect on plant height in the first year but no differences
were seen 1n the second year. Combined analysis showed
that effect of nitrogen on plant height depends upon
climate changes in different years. Williams Was hugher
than Harcor and weed interference increased its height
(Fig. 8). This can be resulted from plants competition
for light (Board, 2000, Bullock et al., 1998; Bennett and
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Fig. 7. Relation between leaf area index and light
mterception efficiency mn weed free and weed
mterference plots

Shaw, 2000). Likely, changes in auxin and gibberellin
concentration in plants due to light stress were the main
reason for increasing plant height.

A relation between plant height and light interception
m the middle strata of soybeans canopy 1s shown in
Fig. 9. Increasing height causes increase m light
absorption by upper leaves, so bottom leaves senescence
and die resulting end season LAT decline.

Root length only affected by different levels of
nitrogen (Fig. 10). Singleton and Van Kessel (1987)
introduced an interesting theory that called selectively
partitioning of photosynthate in soybean. This theory can
explain root growth m response to different nitrogen
levels.

Fresh and dry weights of root nodules: Effect of weeds on
root nodules was significant (Table 3). Weed competition

decreased nodules weight (Fig. 11). There 1s little
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information about the effects of different stresses on
fabaceae symbiosis with rhuzobia (Rengel, 2002). Weeds
and their allelopathic exudates on nodules are important
from two sights: (i) prevention of nodule formation in the
primary stages of inoculation, (1) mhibition or decreasing
nitrogen fixing that decline nodule weight (Rengel, 2002).

Stress conditions can change the amownt and quality
of nod gene stimulators that necessary for symbiosis and
released from fabaceae plants root (Rengel, 2002). Activity
levels of glutamme synthetase and glutamate synthase in
varieties of fabaceae plants genetically are different
that influence on rate and effectiveness of symbiosis
(Caba et al., 1993). Dangaria et al. (1994) showed that pea
varieties are different in number and weight of nodules.
Tsrael (1981) found that two wvarieties of soybean
significantly different in number of nodules, but their dry
weight are constant. Pan e al. (2002) have reported
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Table 3: Combined ANOVA for nodule weights
Mean of squares

S0V df Nodule dry weight Nodule fiesh weight
Y 1 1.771 2.674
RxY 4 0.315 0.598
N 1 0.152 0.001
NxY 1 0.837 1.669
v 1 0.832 3.691
V=Y 1 0.247 0.978
NxV 1 2.670 4.219
N*V=Y 1 1.703 1.391
w 1 19.095%# 38.610%*
WY 1 0.044 0.165
NxW 1 0.063 0.743
NxWxY 1 0.009 0.036
V=W 1 0.016 0.284
VxWxY 1 0.012 0.129
N*V=W 1 0.071 0.140
N*V=W <Y 1 0.005 0.486
Error 28 0.440 0.787

##: Indicates significant differences at 19 probability level, ¥, R, N, V and
W respectively refer to vear, replication (block), nitrogen, variety and weed.
Tn this table two levels of N were omitted because they had no bacteria
treatment
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Fig. 11: Weeds effects on nodules dry (left) and fresh
(right) weights

similar results. Many factors such as soil pH, nitrate
concentration in soil solution, variety and bacterial strain
can change the results.
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CONCLUSION

Although soybean genotypes are different mn light
wnterception  efficiency, agronomical methods can
significantly affect on their light absorption. One of the
most important methods is weed control and rescue of
crops from nutrient depletion. In addition, leaf area of
weeds can absorb amounts of Light and this cause a LIE
decrease in mixed canopy. Weeds are hungry for elements
specially nitrogen and use it very fast. Weed control 1s an
economical way to farmers who want to avoid increasing
fertilizer costs. This can promote root growth and its
nodule activity to fix more nitrogen in comparison of
weedy condition.
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