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Abstract. Wheat is the dominant field crop grown in Saudi Arabia. Several summer leguminous crops
were tried as relay crops for wheat and soybean was found to be the most productive one. The present
investigation was conducted to identify the optimum sowing date and row spacing for growing soybean as
a relay crop after wheat in the Central Region of Saudi Arabia. The four sowing dates (through Junc 20
— August 13) and the two row spacings; i.e. ‘25 and 30 cm’ were studied for five previously selected soy-
bean cultivars grown in the summer seasons of 1987 and 1988,

The response of cultivars to sowing date was different. R-315 was the top yielding cultivar in the late
June planting of 1987. In 1988, the sowing date by cultivar interaciton was not significant.

Sowing date x row spacing interaction was also not significant in both years. The 25 cm row spacing
showed a slight advantage in seed yield over the 50 cm rows only in the late sowing dates. According to
the present study, it ts possible to grow a soybean cultivar, as R-315" in the Central Region as a relay crop
after wheat around mid June at a row spacing of 50 cm to obtain a good yield of soybean.

Introduction

Soybean (Glycine max) is an important oil and feed crop that could be grown in the
summer season. In Saudi Arabia, wheat is the dominant crop occupying around 75%
of the total cultivated area. The land is usually left fallow during the summer season
which extends from late May up to mid November. Several attempts were made to
evaluate different leguminous summer crops (i.e. cowpea, soybean, peanut} as relay
crops that could successfully be grown after wheat. The preliminary results [1, 2]
showed that soybean was the most productive crop among these summer legume
crops.

Several investigators tried to introduce soybean cultivation in Saudi Arabia.
Among them were Anonymous [3] and Sayed ef al. [2] who obtained low yield with

an average of 2.0 and 1.0 t/ha, respectively. However, Sayed et al. [2] evaluated sev-
eral cultivars of soybean during later summer seasons of 1984 to 1986 in the Central
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Region of Saudi Arabia and they recommended the cultivation of Cabrillo and Ril-
lito as the highest yielding cultivars in this region.

The effect of planting date between 1 March to 1 June was investigated by Sayed
et al. 1] who found that delaying planting date decreased seed yield. Moreover, the
average yield for their experiment was very low (1.23 t/ha).

In the USA, the recommended row spacing for growing soybean changed from
100 to 50 cm rows [4]. Taylor [5] found that 25 em rows outyielded 100 cm ones under
adequate moisture conditions, whiie at the dry conditions this superiority disap-
peared. Beatty et al. [6] obtained an insignificant yield increase from planting in 18-
48 versus 96 cm rows under irrigation. Heatherly [7] and Taylor et al. [8] reported a
significant yield increase when row spacing decreased. Boerma and Ashley [9] found
that 51 cm rows outyielded 91 cm ones by 11% in late June or early July planting.
Heatherly [7] studied the effect of row spacing on seed yield from early or mid May
versus late June planting of soybean. The 53 ¢m rows significantly outyielded the 102
cm rows by 100 kg/ha. The results also showed that delaying planting decreased seed
yield. Boquet [10] showed that the 50 m rows were higher in yield than the 100 cm
rows for June and July planting dates.

The objective of the present investigation was to study the effects of four sowing
dates in June, July and August and two row spacings and their interactions on tive
soybean cultivars in order to identify the optimum sowing date and row spacing for
growing soybean as a relay crop after wheat in the Central Region of Saudi Arabia.

Materials and Methods

Two field experiments were conducted at the College of Agriculture Experi-
mental Research Station at Deirab near Riyadh (24 52N, 4644 E, Alt. 600 m) in 1987
and 1988 summer seasons. The site of experimentation was a non-saline sandy loam
soil.

A split-split plot design, with three replications, was used in both years. The
main plots were allocated to four dates (June 20, July 7, July 26 and August 13 in
1987; June 19, July 3, July 17 and August 31 in 1988). The sub-plots were assigned
to five soybean cultivars (Cabrillo, Rillito, CM, Duocrop and R-315). The two row
spacings, narrow (25 cm) and wide (50 cm), were allocated to the sub-sub-plots. In
all treatments, plants were spaced at 10 cm within rows. The sub-sub-plot size was 2.5
% 5.0 m and contained either five or ten rows, corresponding to 50 and 25 cm row
spacings, respectively. Due to the failure of bacterial (Rhizobium japonicum) inocu-
lation, nitrogenous fertilizer (in the form of urea, 48% M) was applied at a rate of 150
kg/ha, in three equal increments; at planting and 3 and 5 weeks after sowing. Phos-
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phorus (in the form of calcium superphosphate. 16% P,0,) was added prior to plan-
ting. Chelated iron was added twice at the rate of 1 kg/ha, asa soil application during
seedbed preparation and at blooming time. Plots were irrigated with treated munic-
ipal water whenever needed throughout the growing season. Harvest was carried out
when about 75% of pods matured.

Above ground biomass or biological yield, (BY) and seed yield {(SY) were taken
from the central four and two rows within each sub-sub-plot for 25 and 50 cm spac-
ings, respectively. Plant number per m2 (PNO) was counted from a central area of
one square meter in each plot. The number of days to flowering (DFL) and maturity
(DM) were recorded during the growing season. Plant height (PH) was taken prior
to harvest as an average of five random central plants per plot. Data for the two years
were statistically analyzed according to Snedecor and Cochran f11].

Results and Discussion

The combined analysis of variance for 1987 and 1988 data. shown in Table 1.
revealed that the year effect was highly significant for all characters, except for PNO
and SWT. Sowing date was only significantly influenced by years in case of DM and
PH. The year effect on cultivars was highly significant only for DFL and DM.
whercas row spacing was not significantly affected by years for all traits, except for
DM, PNO and BY.

Data in Table 1 also indicate that all interactions were insignificant for most
characters. However, year by sowing date interaction was either significant or highly
significant for all traits, except for BY and SWT.

Data in Table 2 show the error variance and indicate that their values were
heterogeneous for all the studied characters, except for SWT. and were greatly dif-
ferent in 1987 and 1988, especially in the case of BY. For this reason. data of both
years were treated separately in the manuscript.

The analysis of variance for 1987 and 1988 data, shown in Table 3, reveals that
the effects of cultivars were either significant or highly significant for all the studied
characters in the two seasons, except for plant number (PNO) in 1987 and sced
weight (SWT) in 1988 season. Significant or highly significant differcnces were also
obtained among planting dates for all characters, except for biological yield (BY) in
1987 and 1988, and seed weight (SWT) in 1988. Moreover, row spacings showed sig-
nificant or highly significant values for all traits, except for days to flowering {DFL)
and seed weight (SWT), in both seasons, and days to maturity (DM) in 1988, (Tabie
3). The sowing date X cultivar interaction was highly significant in several cascs, but
insignificant for PNO (in both seasons), DFL, PH. BY, 5Y and SWTin 1988. For the
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Table 1.  Combined analysis of variance for soybean variables over sowing dates, cultivars and row spac-
ings in 1987 and 1988

5.0.V. df DFL*1” DM Ph PNO BY SY SWT
Years(Y) 1 b ** e NS w* £ NS
Dates (D) 3 NS * i NS NS NS NS

DXY 3 - o * *x NS o NS
Cultivars{CV) 4 ** o NS NS NS NS NS

CVXY 4 NS *E NS NS NS * *

CVXD 12 NS NS NS NS NS NS NS

CVXDXY 12 * w NS NS v NS N§
Spacing (8) 1 NS e NS v e NS NS

SXY 1 NS NS o NS NS NS NS

SXD 3 NS NS NS NS NS ¥ NS

SXCV 4 NS NS NS NS NS NS NS

SXDXY 3 NS NS NS i NS NS NS

SXCVXY 4 NS e NS§ NS NS NS NS

SXDXCV 12 NS NS NS NS NS NS NS

SXDXCVXY 12 NS B x NS NS e NS
*FEUNS = Significant at 0.05 and (.01 levels of probability and not significant, respectively.
T DFL = Number of days to flowering; DM = Number of days to maturity

PH = Piant height (cm); PNO = Plant number /m?;
BY = Biological yield {t/ha}: S5Y = Seedyield (t/ha);
SWT = 100--secd weight (g).

Table 2.  Error variance values for soybean variables in 1987 and 1988

Variables 1987 1988

Number of days to flowering (DFL) 0.9917 0.2250
Number of days to maturity (DM) 0.4667 1.1417
Plant height (PH) 48.4083 26.6750
Plant number /m2 (PNO) 4).5750 80,8000}
Biological yield (BY) 13,163.8917 9.114.9250
Seed yield (S5Y) 1.478.2667 1,376.6667
100-sced weight (SWT) 2.1867 3.3153

sowing date X row spacing interaction, insignificant differences were obtained for
PH and SWT in both seasons, and for DM and BY in 1988. Moreover, insignificant
values were observed in the interaction between cultivars and row spacings for all
characters in both seasons, except for DM. Finally, the 3-factor interaction was sig-
nificant only for PH in both seasons, and for DM, PNQO, and §Y in 1987 (Table 3).
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Table 3.  Analyses of variance for soybean variables over sowing dates. cultivars and row spacings in 1987

and 1988

DFLY DM PH PNO BY SY SWT
5.0.V. df

87 88 87 B8 87 B8 87 88 87 83 87 88 87 88
Dates (D) - T N7 T T R B N
Cultivars(CV) 4 % #r aw ww ek N A FFF wm % &% NG
DXCV 12 ** N§ ** »r ¥ NS NS NS ** N§ ** N§ * NS
Spacings (8) I NS NS * N§ = % =0 s aa we w4 NS NS
DXS 3 NS * *= NS NS N§ *t 0" ** NS ** ** NS NS
CV XS 4 NS NS ** 7 NS NS NS NS NS NS NS NS NS NS
DXCV XS 12 NS NS ** NS§ * * * NS NS NS ** NS NS NS

*, %% NS = Significant at 0.05 and 0.01 levels of probability and not significant, respectively.

(1) DFL= Number of days to flowering; DM = Number of days to maturity; PH = Plant height (cm);
PNO = Plant nhumber/m’;
BY = Biological vield {t/ha); SY = Seed yicld {t/ha);
SWT = 100 - seed weight {g).

Accordingly. the significant interactions obtained in this study indicated that
soybean cultivars responded differently to various sowing dates in the two seasons,
especiatly in the cases of biomass and seed yield. Hence, the stability of soybean cul-
tivars is expected to vary in different environments. Such results coincided with those
reported by Sayed ez al. [1].

Sowing dates

Delaying of soybean planting from June 20 till August 13 in 1987 or from June
19 to July 31 in 1988 caused a significant earliness in flowering and maturity by about
24 and 16 days, in 1987, and 6 and 12 days, in 1988, respectively (Tables 4 and 5). The
effect of late sowing on August 13 was more pronounced on early flowering in 1987,
Such effect on earliness could be attributed, as was previously observed [1], to the
relatively higher monthly average temperature in July and August than in June dur-
ing the two years (Fig. 1).

A similar effect was observed on plant height in both seasons (Tables 4 and 5),
where soybean plants were shorter at the late sowing dates. This was true in the two
years, however, the plants were shorter in 1988 than in 1987. This means that plan-
ting of soybeans on late July or early August did not favor its vegetative growth (in
terms of plant height), but in the meantime, accelerated its flowering and fruiting, as
stated earlier.
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Fig. 1. Average monthly minimum and maximum temperatures and growth period for the sowing date (D)
during the growing seasons of 1987 and 1988.

Morcover, data in Tables 4 and 5 show that PNO reacted differently in the two
seasons. In 1988, both June 19 and July 31 plantings had significantly larger PNO
means than those for July 3 and 17 plantings. On the other hand, in 1987 such PNO
significantly increased from about 31 to 42, with delayed planting from June 20 to
July 7. Such different results might be due to the various climatic conditions (Fig. 1)
and sites of experimentation in the two seasons.
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Tabled. Means for studied characters as influenced by different treatments in 1987

Treatment DFL DM PH PNO BY SY SWT
Planting
dates

2006 6. 7a 118.0b 69.8a 30.6b 8.4a 3.71b 12.5b

17 46.9h 122.6a 56.4b 41.8a 9.7a 4.46a 13.8a
26/7 40).6¢ 106.0c 50.7¢ 47.7a 8.4a 2.9% 13.5ab
13/8 37.4d 102.2d 48.3¢ 47 3a 8.4a 2.49d 13.3ab
L.SD .05 1.1 0.6 4.8 6.2 NS 0.22 1.1
Cultivars
Cabrillo 46.1b 112.0b 53.9b 42.0a 7.9bc 3.61a i3.5b
Rillito 46.3ab 110.0¢ 53.0b 41.2a 7.7c 3.40a 13.3bc
CM 45.7b 114.4a 58. lab 42.1a 9. 3ab 3.384 14.3a
Duocrop 47 Qa [10.5¢ 54.8b 42.0a 8.2bc 3.10b [2.8¢
R-315 46.9a 114.2a 6. 1a 42.0u 100.5a 3.57a 12.7¢
[.SD .05 0.8 0.6 5.5 NS 1.6 0.27 0.7
Row spacings
50cm 46.34 111.9b 54.8b 27.5b 8.2b 3.31b 13.5a
25¢cm 46.5a [12.5a 57.8a 36.3a 9.4a 3.51a 13.2a
LSD .05 NS 0.3 2.0 2.4 0.4 0.14 NS

(1) Mecans followed by a common letter are not significant at the 0.05 tevel of probability. NS = Not sig-
nificant.
DFL = Number of days 1o flowering; DM = Number of days to maturity; PH = Plant height (cm);
PNQ = Plant number/m’; BY = Biological vietd (t/hu): SY = Seed yicld (t/ha); SWT = 100 - seed
weight (g).

Biomass (BY) was slightly affected by sowing dates (Tables 4 and 5). In 1987,
the differences were not significant among the sowing dates. On the other hand, in
1988, June and July 3 and 17 plantings produced similar BY values, however, July 17
BY (6.6 tha) significantly outyielded that of July 31 (5.7 t/ha), (Table 5). Besides.
the overall mean of planting dates showed that sowing in late July or carly August
would produce the lowest BY, while carly dates would encourage vegetative growth.
Such findings agreed with those of Sayed e al. [1]. Bonari eral. [12]. Singh et al. [13],
and Anderson and Vasilas [14]. The mean values of seed yield (SY) in [987 were rela-
tively higher than those of 1988 and this might be attributed to the heavy mfestation
of the plants with white fly observed visually in 1988, (Tables 4 and 5) and/or the ycar
effect (Table 1). In 1987, the highest significant SY (4.46 t/ha) was attaincd at the see-
ond date (July 7), while in 1988, the three dates in July were similar in secd yield (av-
eraged 2.36 t/ha) and that of July 3 and 17 significantly outyiclded Junc SY. Con -
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Table5.  Means for studied characters as influenced by different treatments in 1988

Treatment DFL DM PH PNO BY SY SWT
Planting
dates
19/6(4 52.5a 118.8b 69.1a 48.8a 0.3ab 1.77b 11.8a
37 50.7b 1200 1a 53.7b 3t.4b 6.lab 2.32a 12.6a
17/7 47.3¢ 15.6¢ 39.9¢ 38.5b 6.6a 2.54a 13.6a
3177 46.3d 107.1d 39.7c 46.3a 5.7b 2.21ab 13.2a
LSD .05 0.5 0.8 6.0 9.5 0.7 0.51 NS
Cultivars
Cabrillo 48.5¢ 114.2d 49.0b 44.0a 5.6b 2.32a 13.3a
Rillito 49.3b 114.9¢ 50-.3ab 40.3ab 5.9b 2.31a 13.3a
CM 48.1¢ 116.4h 47.1b 35.9b 6.3ab 2.23ab 12.4a
Duocrop 49 6b 114, 4¢d 49 8ab 42.6a 6.0ab 2.23ab 13.0a
R-315 50.5a 117.2a 56.8a 43.3a T.1a 1.96b 12.1a
LSD .05 0.6 0.7 7.2 5.5 0.9 0.35 NS

Row spacings

S0cm 40.2a 115.2b 47.00 28.5b 5.7b 2.02b 12.7a
25em 49.2a 115.6a 54.2a 54.0a 6.7a 2.40a 13.0a
18D .05 NS NS 1.9 33 0.4 0.14 NS

(1) Means followed by a common letter are not significant at the 0.03 level of probability. N§ = Not sig-
nificant.
DFL = Numberof days to flowering; DM = Number of days to maturity; PH = Plant height (cm);
PNO = Plant number/m®; BY = Biological yieid (t/ha}; SY = Seed yield (t/hay; SWT = 100 - seed
weight (g).

sequently, as an average of the two years and the five cultivars, sowing soybean in
carly July could be an optimum sowing date (Fig. 2). Anderson and Vasilas [14] and
Sayed et al. [1] reached similar results.

The effect of sowing dates on SWT was different in the two years (Tables 4 and
5). In 1987, the heaviest significant SWT (13,8 g) was produced from the July 7 plan-
ting, while in 1988, the ditferences in SWT were not significant.

Cultivars

Soybean cultivars significantly varied in DFL and DM in both seasons (Table 3).
However, the range in DM was small, being four days in 1987 and threc days in 1988
(Tables 4 and 5). In 1987, Duocrop and R-315 flowered later than the other cultivars.
Mcanwhile, R-315 was the latest in 1988. It was observed that DFL and DM mean
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Fig. 2. Response of soybean cultivars to different sowing date in 1987.

values were relatively lower in 1987 than in 1988 and this may probably be due to the
differences in air temperature that prevailed during the two growing seasons (Fig. 1).

The soybean cultivars significantly differed in PH in both seasons {Tabls 4 and
5). R-315 was consistently the tallest, while Rillito in 1987 and CM in 1988 were the
shortest. In general, plants were relatively taller in 1987 than in 1988 and this might
be due to the year effect (Table 1) and/or the white fly infestation. The differences
among cultivars in PNO were significant only in 1988 (Tables 4 and 5), where CM
has significantly lower PNO (36) than the other cultivars (averaged 43), Such differ-
ences in PNO might be due to the observed early infestation with the white fly which
resulted in the loss of about 10% of the plants.

There were significant cultivar differences in BY in both years (Table 3). R-315
and CM were the top yielding cultivars in 1987, while R-315 surpassed the other cul-
tivars, especially Cabrillo and Rillito in 1988, (Tables 4 and 5). As an average of the
two years, R-315 would be a suitable cultivar with respect to BY, since no significant
cultivar by year interaction was detected (Table 1).

Concerning the most important character for cultivar evaluation, i.c. SY, the
differences among cultivars were small, but significant in both years (Tables 4 and 5).
In general, the overall mean value for SY in 1987 was higher than in 1988 and this
might be due to the white fly damage and the significant cultivar by year interaction
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(Table 1}, (being 3.41 t/ha in 1987 and 2.21 t/ha in 1988). In 1987, only Duocrop was
significantly lower (3.10 t/ha) than the other tested cultivars (averaged 3.49 t/ha),
while in 1988, R-315 cultivar produced significantly lower SY than Cabrillo and Ril-
lito cultivars.

The differences in SWT among cultivars were highly significant in 1987 only.
CM cultivar had the heaviest significant seed weight (14.30 g), while both Duocrop
and R-315 were the lightest in SWT.

Row spacing

In both years, DFL was similar in the two row spacings under study (Tables 4
and 5). The differences in DM was significant in 1987 only. This was confirmed by
data in Table 1. The 50 cm row spacing was one day earlier than the 25 cm one (Table
4). PH and PNO were significantly affected by row spacing in both years (Table 3).
The 25 cm rows gave significantly taller and larger PNO than the 50 cm ones (Tables
4 and 5). The 25 cm row spacing was significantly higher in SY and BY than the 50
cm one in both years (Tables 4 and 5). However, the percent of increase in SY was
about 6% in 1987 and 19% in 1988. Consequently, it might be stated that the close
spacing would increase SY due to the increase in number of plants (Tables 4 and 5).
Board et al. [15] showed that narrow rows increased light interception and total dry
matter duration. They showed that the advantage of narrow rows was more pro-
nounced at the late planting. Taylor er al. [8] came to the same conclusion.

Duncan [4] concluded that, in the narrow rows, greater biomass accumulation
contributed to seed yield increment. However, this increase in yietd was opposed by
higher water consumption [7].

Sowing date X cultivar

Several significant interactions were detected among the three factors under
study (Table 3). Because BY and SY determine the yielding ability of cultivars, only
those interactions concerned with these two yield estimates will be discussed.

Sowing significant interactions was highly significant in 1987 only (Table 3). The
cultivar means under the four sowing dates (Table 6) were used to calculate the
response curves of §Y for the different cultivars with regard to different sowing dates
and they are shown in Fig. 2. The response curves for Cabrillo and R-313 were similar
as delaying sowing date would steadily decrease SY. Therefore, the optimum date
for planting either of these cultivars would be June 20. On the other hand, for CM.
Duocrop and Rillito cultivars, delaying sowing date would increase SY up to mid July
and. then, it would drastically drop after that (Table 6 and Fig. 2). R-315 was the top
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Table 6, Means of seed yield (t/ha) as influenced by sowing date x cultivar interaction in 1987

Sowing dates
Cultivars 20/6 71 26/7 13/8
Cabrillo 409 b 447 a 3.09 a 278 a
Rillito 319 ¢ 460 a 3.03 a 282 a
CcM 348 ¢ 455 a 315 a 234 a
Duocrop 314 ¢ 405 a 296 a 227 a
R-315 468 a 462 a 274 a 225 a

LSD (0.05) for spacing each cultivar = (1.53.
Means, within each column, foliowed by a common letter are not significant at the 0.05 level of probabil-

ity.

yielding cultivar during June planting in 1987. The differences among cultivars were
large under that date, while the cultivars behaved similarly in the other dates (Table
6 and Fig. 2). According to these results, R-315 cultivar would be the best choice
among the tested cultivars and the most suitable date for its planting might be June
20.

On the other hand, the sowing date x cultivar interaction was not significant for
SY in 1988 {Table 3), suggesting that the five cultivars behaved similarly to the
change in sowing date. The average response of the five cultivars is presented in Fig.
2. Accordingly, an optimum date for soybean planting would be around mid-July.

The contradiction between the two years might be due to the variable severity
of infestation with while fly. In 1988, infestation was heavy and its effect was clear on
the early sowing dates. The damage due to white fly was less on the late sowing date.
Therefore, this damage had a significant effect on the response of the different cul-
tivars to sowing dates.

The interaction between sowing date x cultivar for BY was different from that
of SY (Table 7). R-315 behaved differently to the change in sowing date in 1987. The
response was linear as shown in Fig. 3. Delaying planting would reduce both the total
biomass and seed yield. In 1988, the change in sowing date did not effect the total
biomass. This is also attributed to the white fly damage.

Sowing date x spacing

This interaction was highly significant for SY in both years (Table 3). Means of
SY for sowing date x spacing combinations are given in Table 8. In 1987, the early
sowing date in June would favor wider spacing, while the reverse was true in late
planting in August (Table 8).
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Table 7. Means of biomass (t/ha) as influenced by sowing date x cultivar interaction in 1987

Sowing dates
Cultivars 20/6 kel 26/7 13/8
Cabrillo 720 b 9.92 a 6.15 b 835 a
Rillito 625 b 1048 a 607 b 7.93 a
CM 6.68 b 8.42 a 11,92 a 9.05 a
Duocrop 610 b 961 a 876 a 8.19 a
R-315 14.00 a 0,17 a 9.22 a 8.45 a

LSD (0.05) for spacing each cultivar = 3.2 t/ha.
Means, within each column, followed by a common letter are not significant at the 0.05 level of probabil-

ity.
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Fig. 3. Response of biomass (/ha) of soybean cultures to sowing date in 1987.
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Table 8. Means of seed yield (1/ha) as influenced by sowing date x row spacing interaction in 1987

Sowing dates
20/6 1%/6 77 37 26/7 1717 13/8 37
Row spacings 87 88 87 88 87 88 87 88
Stemth 386 a 177a 432a 217b 28 a 235b 218b 181 b
25em 35 b 1.77a 460a 247a 310a 273a 28la 26la

(1) LSD (0.05) for spacing each date = 0,29 (1987), 0.28 (1988).
Means, within each column, followed by a common letter arc not significant at the (.05 level of probabil-

ity.

In 1988, there was no advantage of narrow rows in the early sowing datc in June,
but the advantage appeared on later sowing dates in July. These results are similar
to those obtained by Board et al. [15] who reported that yield enhancement of narrow
rows was greater with delayed planting. Johnson [16] showed that late planting date
and early cultivars tended to have great yield response to narrow rows.

Based on the previous results, a practice to obtain a good yield of soybean under
the prevailing high temperature conditions of the Central Region of Saudi Arabia
might be planting a soybean cultivar, like R-315, around mid June at a row spacing
of 50 ¢m. This sowing date would be feasible for wheat growers as they would be able
to harvest the wheat crop and prepare the land for the soybean crop. Effective means
to control white fly should be investigated.
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