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Abstract: Waterlogging and types of plant growth substrates are common abiotic stresses that decrease
maize (Zea mays L) yield and biomass production. This study aims to identify the growth and development
of maize crops in two different growing mediums, assess the impact of waterlogging during the flowering
stage on yield, and analyse the interactions between morpho-agronomic traits at harvest. The experiment
design of this study was factorial with a randomised complete block design (RCBD) with two factors. The
first factor was various plant growth substrates, and the second was the duration of waterlogging
(waterlogging for seven hours during the flowering time and control). Seeds were sown in polybags
containing potting mixes or a mixture of potting mix: latosol soil (1:1). Plant height was measured during the
vegetative stage, and morpho-agronomic traits of stem diameter, ear diameter, fresh root weight, ear length,
and yield were recorded at harvest. The potting substrate did not affect plant height. On the other hand,
waterlogging for seven hours at the flowering stage significantly reduced yield by 25% compared to control.
The correlation between morpho-agronomic traits during harvest showed that yield positively and
significantly correlates with ear length. The positive correlation between ear length and yield was useful to
indicate the maize yield. Waterlogging for seven hours during the flowering stage significantly reduced

maize yield by 25%, while the potting substrate did not affect plant height.
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Introduction

Agriculture faces uncertainty due to extreme weather events
that can result in yield loss (Liu et al., 2023). Waterlogging is a
common environmental challenge that decreases maize (Zea
mays L) yield and biomass production (Mustroph, 2018). The
frequency and duration of waterlogging are expected to increase
due to global warming (Mustroph, 2018). Waterlogging reduces
maize yield by 18% (Kaur et al., 2021), accounting for 25-30% of
grain yield losses in South and Southeast Asia (Kaur et al., 2021).
Maize is a sensitive crop to waterlogging because when the water
capacity in the soil is more than 80%, plant growth and
development are reduced (Tian et al., 2020).

The maize crop requires a high amount of water during sowing,
emerging, flowering, silking, tasselling, jointing, maturity, and
harvesting (Wang et al., 2023). However, maize growth and yield
can be significantly reduced when the crop is exposed to excess
water (i.e., waterlogging) during the emerging, jointing, and
flowering stages. The longer the waterlogging period, the more
yield reduction in maize (Huang et al., 2022; Hu et al., 2023; Rean
et al., 2023). Such adverse effects of waterlogging were also
observed in legumes (Wiraguna et al, 2017; 2020; 2021).
Waterlogging results in the reduction of chlorophylls,
carbohydrates (Dash et al., 2022), and nitrogen content in several
organs throughout the plant development (Otie et al., 2019) and
the waterlogging periods (Tian et al, 2020). Moreover,
waterlogging can disrupt the balance of carbon-nitrogen
metabolism of plant hormones, hasten leaf senescence, and
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considerably decrease photosynthetic capability and maize grain
yield (Ren et al., 2018; Tian et al., 2019).

The length of waterlogging during the flowering stage is crucial
in determining crop yield (Tian et al., 2021; Meta et al., 2022).
Studies have demonstrated that extended periods of
waterlogging can cause significant yield reductions across
various crops (Anuradha et al., 2013; Tian et al., 2021; Meta et al.,
2022). Ma et al. (2022) observed increased grain yield loss in
wheat from 3.7% to 28.8% as the waterlogging period extended
from 3 to 9 days. Similarly, Tian et al. (2021) found consistently
declined grain yields in maize, rice, and wheat with extended
waterlogging periods, regardless of the cultivation method. In
tobacco, 24 hours of waterlogging negatively affected
physiological characteristics and reduced yield and quality
(Anuradha et al., 2013). However, the effects of brief
waterlogging during the flowering period on the maize yield
have not been studied.

Waterlogging in the potting mix (growth substrate) can
significantly impact plant growth and development (Khabaz-
Saberi et al., 2006; Alluri, 2024). Despite efforts to regulate
irrigation, the potting mix in sub-irrigated containers often
becomes waterlogged (Alluri, 2024). This waterlogged condition
can change redox potentials, increase nutrient toxicities, and
reduce plant yield grown in the potting mix (Setter et al., 2009).
Thus, understanding the effects of waterlogging in different
potting mixes is crucial for ensuring optimal plant growth and
development.
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Table 1. Multiple comparisons (Tukey HSD) of morpho-agronomic traits (maize diameter, stem diameter, maize length, root weight and
yield) at harvest. The morpho-agronomic traits of stem diameter (mm), maize diameter (mm), root weight (g/plant), maize length (mm),
and yield (g/plant) were tested using one-way ANOVA based on waterlogging treatment.

Treatment Stem diameter Maize diameter Root Maize length Yield

weight
Waterlogging 215 + 10 270 + 29 12 + 01 1071 + 181 3885 =+ 27.8
Control 23.1 + 0.7 24.6 + 23 1.0 + 0.1 133.2 + 153 521.3 + 50.72
P value Ns Ns Ns Ns <0.05

Note: Values within a column followed by different letters indicate a significant difference with the Tukey HSD at P < 0.05. Data are means
followed by the error of three replicates. The yield was identified as a total above-ground fresh biomass, and the root weight was identified
as a root fresh biomass. The maize diameter and maize length were measured with the husk still attached. Differences between waterlogged
treatments were significant for only yield. The maize is grown on a potting mix or a mixture of soil and potting mix, and is either exposed

to waterlogging during flowering or not.

Table 2. Pearson Correlation (r) between morpho-agronomic traits from maize at harvest- stem diameter (mm), maize length (mm), maize

diameter (mm), root weight (g/plant) and yield (g/plant).

Morpho-agronomic traits Stem Diameter Maize Length Maize Diameter Root Weight Yield
(mm) (mm) (mm) (g/plant) (g/plant)

Stem Diameter (mm) 1

Maize Length (mm) 0.55 1

Maize Diameter (mm) 0.09 0.45 1

Root Weight (g/plant) -0.55 0.08 -0.25 1

Yield (g/plant) 0.45 0.68* 0.02 -0.09 1

Note: The morpho-agronomic traits were collected at harvest from the total sample (n=3). The yield was identified as a total above-ground
fresh biomass, and root weight as a fresh root weight. The yield was identified as a total above-ground fresh biomass, and the root weight
was identified as a root fresh biomass. The maize diameter and maize length were measured with the husk still attached.

*P<0.05; **P < 0.01; ***P < 0.001

This study aims to determine the effects of (1) growing substrates
on plant growth at the vegetative stage, (2) waterlogging during
the flowering stage on maize yield, and (3) the correlation
between maize yield and the morpho-agronomic traits.

Results

Vegetative responses on two different maize-growing
substrates

The maize growing in two growing substrates did not differ in
their vegetative growth. The evaluated plant height of maize
growing in the potting mix medium and in the mixture of potting
mix and latosol soil (1:1) showed sigmoid growth patterns (Figure
1). The height of maize growing in the potting mix medium at the
R2 growth stage (12 weeks after sowing) reached 179 mm and in
the mixture of potting mix and latosol soil (1:1) medium reached
187 mm (Figure 1).

Impact of waterlogging during flowering on various
growing substrates

Yield (Above-ground fresh biomass)

The results of two-way ANOVA indicated there are no significant
interaction effects between growing substrates and waterlogging
treatments on yield (above-ground fresh biomass). Moreover, the
yield did not differ between the plants growing in a potting mix
and in a mixture of potting mix and latosol soil (1:1). On the other
hand, there was significant yield reduction associated with seven
hours of waterlogging treatment during the flowering stage (R5
stage) than the control. The yield of maize plants exposed to
waterlogging for seven hours during the flowering stage (R5) was
25% lower than that of the control one (Table 1).

Multiple comparisons of morphological traits at harvest
Analysis of two-way ANOVA in all morpho-agronomic traits
demonstrated that the interaction between maize growth
substrate and waterlogging treatment; and the main effect of soil
substrates were not significant. However, there were significant
differences in waterlogging treatments for yield (P <0.05) (Table
1). Waterlogging did not have a significant effect on stem
diameter, maize diameter, root weight (fresh root biomass), and
maize length (Table 1).
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Responses among morpho-agronomic traits at harvest
The PCA (Principal Component Analysis) explained 69.6% of the
variation of maize morpho-agronomic traits at harvest (Figure 2).
The first principal component (PC1), which explained 42.3% of
the variance, showed positive loadings for stem diameter, maize
length, and yield, with root weight displaying a negative loading
(Figure 2). The second principal component (PC2), accounting for
27.3% of the variance, is primarily associated with positive
loadings for maize diameter and root weight and negative
loadings for yield and stem diameter (Figure 2; Table 3).

The Pearson Correlation (r) identified that the yield of maize was
significantly positively correlated with maize length, while yield
was not significantly correlated with other morpho-agronomic
traits (Table 2). The significant positive correlation between yield
and maize length was 0.68 (Table 2). The person correlation did
not identify a significant correlation for other traits (Table 2; Fig
3).

Discussion

The plant growth substrate does not influence maize growth and
development, but waterlogging at flowering time significantly
reduces yield (Figures 1 and Table 1). The finding is similar to a
previous experiment in cotton (Gossypium herbaceum L.), where
cotton vyield dropped by 26% relative to control after
waterlogging for ten days during flowering time (Zhang et al.,
2015). The correlation between morpho-agronomic traits during
harvest showed that yield positively and significantly correlates
with maize length (Table 2). Moreover, the result of PCA
demonstrated that vyield is positively influenced by maize
diameter, maize length, and stem diameter at harvest but
negatively influenced by root weight (Figure 2; Table 3). The
findings of Pearson correlation and PCA are similar to previous
studies by Tian et al. (2020), where waterlogging reduces yield.
The growth of maize grown under 100% potting mix did not differ
significantly from maize grown in a mixture of a potting mix and
soil (1:1) (Figure 1). This growth similarity is probably caused by
comparable nutrient content in the soil and potting mix, similar
to that shown in spinach and tomatoes (Adediran et al., 2003).
This finding suggests that compost in the potting mix can
substitute plant growth medium of maize crops from soil to
support gardening for families with small yards in big cities
(Schroder et al., 2021).



Table 3. Loading contributions in Principal Component Analysis (PCA) for five morphological traits in maize.

Morphological traits PC1 PC2 PC3 PC4 PC5
Stem Diameter 0.816 -0.326 -0.233 0.411 0.023
Maize Length 0.793 0.558 0.121 -0.0730 -0.199
Yield 0.776 -0.532 0.580 -0.175 0.167
Maize Diameter 0.200 0.711 -0.658 -0.058 0.138
Root Weight -0.417 0.662 0.536 0.313 0.043
Stress caused by waterlogging is recorded to have a significantly 200 -
negative impact on maize yield (Huang et al., 2022; Wang et al.,
2023). The findings in this experiment, where waterlogging
reduced vyield by 25% compared to the control (Table 1), align = 150 1
with previous studies by Huang et al. (2022) and Wang et al. i
(2023). The reduction in yield due to waterlogging can be caused 5
by low oxygen concentrations in the roots, a reduction in 'g’ 1004
nutritional intake, and an increase in free radical concentration g
in plants (Yang et al., 2024). Moreover, low nutritional intake can = -
lead to pigment degradation and reduced photosynthetic
activity (Tian et al., 2019). In this study, the main impact of
waterlogging was observed as a reduction in yield caused by a 0 . . : : : : ,
decrease in maize length (Table 2). 0 2 4 6 8 10 12

Interestingly, despite the yield decline due to waterlogging
during flowering, root growth can increase during recovery
following waterlogging stress, as observed in previous
experiments by Lee et al. (2010) and Ploschuk et al. (2017). In this
experiment, the root biomass of maize at harvest increased by
17% for roots exposed to waterlogging during flowering
compared to the control (Table 1). The increased root biomass in
the waterlogged treatment may be caused by a high growth rate
of secondary roots during recovery, as shown in Phalaris aquatica
(Ploschuk et al., 2017). Thus, maize yield under waterlogging
during flowering is reduced probably to compensate for an
increased root growth during recovery.

The previous report indicated that morpho-agronomic traits
correlate with maize yield (Wiraguna et al., 2023). In this
experiment, the ear length positively correlates with maize yield
at 0.68 (Table 2). The correlation between ear length and yield
can help to indicate the maize yield reduction before harvest.
Therefore, the anticipation of minimizing yield reduction due to
waterlogging can be applied.

Material and Methods

The experiment was conducted at Gunung Gede, School of
Vocational Studies, IPB University, located at Babakan, Bogor,
from 2 September 2023 to 23 December 2023. The experiment
was conducted in an open area, where the sides of the open area
were covered with a screen net to minimize pest infestation.
Throughout the experiment, the average daily temperature
fluctuated between 21°C to 28°C, with daily rainfall varying from
5to 20 mm.

Randomised complete block design (RCBD) was used during the
experiment. The experiment consisted of 2 treatments
(waterlogging for 7 hours during flowering time and various
plant growth substrates) in three replicates (3 polybags for each
replicate). The waterlogging was applied at the flowering time of
R2 (Raun et al., 2005). The various substrates were applied from
sowing to harvesting.

Plant material and growing conditions

The commercial seeds of sweet maize cv. Pertiwi was used in this
experiment. Five seeds were sown in each polybag (350 x 350
mm). After two weeks, all seedlings were thinned, leaving one
seedling per polybag (Wiraguna et al., 2017; 2020). Each polybag
contained approximately 3 kg of either a potting mix comprised
of organic matter, including leaves, straw, grasses, rice bran,
maize stoves, vines, tendrils, and animal manure (1:1:1:1:1:1:1:1),
or mixtures of potting mix and latosol soil (1:1). NPK 15-15-15 at
5 g per polybag was applied at sowing, and Urea (45% nitrogen)
at 5 g per polybag was applied at four weeks after sowing. The
appropriate pesticide was applied when required to control

Week After sowing

—8— Mixture of a potting mix and soil (1:1) —e— Pure potting mix

Fig 1. The growth of maize when it is cultivated in pure potting
mix and a mixture of a potting mix and soil (1:1).
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Fig 2. Principle component analysis (PCA) of morpho-agronomic
traits (maize diameter, stem diameter, maize length, root
diameter, and yield) at harvest. The yield was defined as a fresh
weight of above-ground biomass. The root weight was identified
as a root fresh biomass. The maize diameter and maize length
were measured with the husk still attached. The two principal
components (PC1 and PC2) explain a significant portion of the
total variance, with PC1 accounting for 42.3% and PC2
accounting for 27.3%. The yield, maize length, and stem diameter
are the major contributions in PC1, and root weight (fresh root
biomass) and maize diameter are the major contributions in PC2.

insect pests. The growing plants were watered once a day during
the first four weeks of development (up to the V6 stage) and
twice a day during the later growth stage (V7 to R4 stages) (Raun
et al., 2005). Watering was not applied when there was more than
10 mm of rainfall or the medium in the polybag was 80% of water
capacity (Wiraguna et al, 2021). The watering routine was
stopped when the plants reached the R5 growth stage (Raun et
al., 2005).

Growing media and waterlogging treatments
The evaluated maize plants were grown in two growing media
and exposed to waterlogging or non-waterlogging (control)
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Fig 3. Correlation graph of morpho-agronomic traits at harvest.

treatments. The growing medium compositions comprised (1) a
potting mix made from mixtures of the same amount of leaves,
straw, grasses, rice bran, maize stalks, vines, tendrils, and animal
manure (Wiraguna et al., 2017) and (2) a mixture of potting mixes
and latosol soil (1:1). The waterlogging treatment included
exposing the maize plant at flowering stage to seven hours of
waterlogging, while the control was not. Polybags were
submerged in a large container (82 liters, measuring 687 mm x
478 mm x 390 mm) filled with tap water for 7 hours to apply the
waterlogging treatment. The water level was maintained 2 cm
above the polybags (Ploschuk et al., 2020).

Agro-morphological observations and statistical analyses
Plant height was measured during vegetative stages (V3 to V11)
(Raun et al., 2005). Stem diameter, yield (above-ground fresh
biomass), root weight (fresh root biomass), ear length, and maize
diameter were recorded at harvest (Wiraguna et al., 2023).

The recorded data from each treatment were the mean of three
samples and were analysed using analyses of variance (ANOVA)
with a randomized complete block design (RCBD) and three
replications per treatment. Multiple comparison (Tukey HSD)
was used to test for significant differences between treatments.
Data normalisation (W = 0.05) was carried out before testing the
Principal Component Analysis (PCA) and Pearson’s correlation
between agro-morphological traits and yield. The R-studio
version 2023.03.1 was used to calculate the significant effect, and
significant differences were tested at P = 0.05.

Conclusion

The growth and development of maize crops are not affected by
plant growth substrates. Waterlogging treatment at flowering
for 7 hours does not significantly affect morpho-agronomic traits
at harvesting; however, the waterlogging treatment reduced
yield significantly by 25% relative to the control. The yield had a
significant positive correlation to maize length. Therefore, the
morpho-agronomic traits of maize length can be used to indicate
yield reduction affected by waterlogging at flowering.

Acknowledgment
The authors thank the College of Vocational Studies, IPB
University for research facilities, and the Agricultural

Community Production Technology and Development students
for their help in data collection.

903

References

Adediran JA, Taiwo LB, Sobulo, RA (2003) Effect of organic wastes
and method of composting on compost maturity, nutrient
composition of compost and yields of two vegetable crops. J.
Sustain. Agric. 22(4): 95-109.

Anuradha M, Sivaraju K, Krishnamurthy V (2013) Effect of
waterlogging on physiological characteristics, yield and
quality of flue-cured tobacco. Indian J. Plant Phy. 18(1): 67-70.

Dash SS, Lenka D, Sahoo JP, Tripathy SK, Samal KC, Lenka D,
Panda RK (2022) Biochemical characterization of maize (Zea
mays L.) hybrids under excessive soil moisture stress. Cereal
Res. Commun. 50: 875-884.

Hu J, Yu WZ, Liu P, Zhao B, Zhang JW, Ren BZ (2023) Responses
of canopy functionality, crop growth and grain yield of
summer maize to shading, waterlogging, and their
combination stress at different crop stages. Eur. J. Agron. 144:
1-12.

Huang C, Gao Y, Qin AZ, Liu ZG, Zhao B, Ning DF, Ma ST, Duan
AW, Liu ZD (2022) Effects of waterlogging at different stages
and durations on maize growth and grain yields. Agric. Water
Manag. 261: 1-12.

Kaur G, Vikal Y, Kaur L, Kalia A, Mittal A, Kaur D, Yadav I (2021)
Elucidating the morpho-physiological adaptations and
molecular responses under long-term waterlogging stress in
maize through gene expression analysis. Plant Sci. 304(1): 1-12.

Khabaz-Saberi H, Setter T, Waters [ (2006). Waterlogging induces
high to toxic concentrations of iron, aluminium, and
manganese in wheat varieties on acidic soil. J. Plant Nutr. 29(5),
899-911.

Lee JE, Kim HS, Kwon YU, Jung GH, Lee CK, Yun HT, Kim CK
(2010) Responses of root growth characters to waterlogging in
soybean [Glycine max(L.) Merrill]. Korean J. Crop Sci., 55(1): 1-
7.

Liu K, Harrison MT, Yan HL, Liu DL, Meinke H, Hoogenboom G,
Wang B, Peng B, Guan KY, Jaegermeyr J, Wang E, Zhang F,
Ying X, Archontoulis S, Nie L, Badea A, Man J, Wallach D, Zhao
J, Benjumea AB, Fahad S, Tian X, Wang W, Tao F, Zhang Z,
Roétter R, Yuan Y, Zhu M, Dai P, Nie J, Yang Y, Zhang Y, Zhou
M (2023). Silver lining to a climate crisis in multiple prospects
for alleviating crop waterlogging under future climates. Nat.
Commun. 14(765): 1-13.

Ma S, Hou J, Wang Y, Wang M., Zhang W, Fan Y, Huang Z (2022)
Post-flowering soil waterlogging curtails grain yield formation
by restricting assimilates supplies to developing grains. Front.
Plant Sci 13: 1-9.



Mustroph A (2018). Improving Flooding Tolerance of Crop Plants.
Agron. 8(9): 1-25.

Otie V, Ping A, Udo I, Eneji E (2019) Brassinolide effects on maize
(Zea mays L.) growth and yield under waterlogged conditions.
J. Plant Nutr. 42(8): 954-969.

Ploschuk RA, Grimoldi AA, Ploschuk EL, Striker GG (2017)
Growth during recovery evidences the waterlogging tolerance
of forage grasses. Crop and Pasture Sci. 68(6): 574-582.

Ploschuk RA, Miralles DJ, Colmer TD, Striker GG (2020)
Waterlogging differentially affects yield and its components in
wheat, barley, rapeseed and field pea depending on the timing
of occurrence. J. Agron. and Crop Sci. 206(3): 363-375.

Raun WR, Solie JB, Martin KL, Freeman KW, Stone ML, Johnson
GV, Mullen RW (2005) Growth stage, development, and spatial
variability in corn evaluated using optical sensor readings. J.
Plant Nutr. 28(1): 173-182.

Ren B, Zhang J, Dong S, Liu P, Zhao B (2018) Responses of carbon
metabolism and antioxidant system of summer maize to
waterlogging at different stages. J. Agron. Crop Sci. 204(5): 505—
514.

Schroder C, Hafner F, Larsen OC, Krause A (2021) Urban organic
waste for urban farming: Growing lettuce using vermicompost
and thermophilic compost. Agron. 11(6): 1-26.

Setter TL, Waters I, Sharma SK, Singh KN, Kulshreshtha N,
Yaduvanshi NPS, Ram PC, Singh BN, Rane J, McDonald G,
Khabaz-Saberi H (2009) Review of wheat improvement for
waterlogging tolerance in Australia and India: the importance
of anaerobiosis and element toxicities associated with different
soils. Annals of Bot. 103(2): 221-235.

Tian LX, Bi WS, Ren XS, Li WL, Sun L, Li J (2020) Flooding has
more adverse effects on the stem structure and yield of spring
maize (Zea mays L.) than waterlogging in Northeast China.
Eur. J. Agron. 117(1): 1-10.

Tian LX, Li J, Bi WS, Zuo SY, Li LJ, Li WL, Sun L (2019) Effects of
waterlogging stress at different growth stages on the

904

photosynthetic characteristics and grain yield of spring maize
(Zea mays L.) Under field conditions. Agric. Water Manag. 218:
250-258.

Tian LX, Zhang YC, Chen PL, Zhang FF, Li J, Yan F, Dong Y, Feng
BL (2021) How does the waterlogging regime affect crop yield?
A global meta-analysis. Frontiers Plant Sci. 12: 1-9.

Wang XW, Li XY, Gu JT, Shi WQ, Zhao HG, Sun C, You SC (2023)
Drought and  waterlogging status and dominant
meteorological factors affecting maize (Zea mays L.) in
different growth and development stages in Northeast China.
Agron. 374(13): 1-14.

Wiraguna E, Malik Al, Colmer TD, Erskine W (2020)
Waterlogging tolerance of grass pea (Lathyrus sativus L.) at
germination related to country of origin. Exp. Agric. 56(6): 837-
850.

Wiraguna E, Malik Al, Colmer TD, Erskine W (2021) Tolerance of
four grain legume species to waterlogging, hypoxia and anoxia
at germination and recovery. AoB Plants 13(4): 1-13.

Wiraguna E, Malik Al, Erskine W (2017) Waterlogging tolerance
in lentil (Lens culinaris Medik. subsp. culinaris) germplasm
associated with geographic origin. Genet. Resour. Crop Evol.
64: 579-586.

Wiraguna E, Rochmah HF, Muliasari AA, Pratama AJ, Situmeang
WH, Meliala MG, Kyu KL, Azhar A (2023) Yield comparison of
groundnut (Arachis hypogaea L.) and corn (Zea mays L.) under
sole and multiple cropping systems. Univers. J. Agric. Res. 11(6):
1117 - 1124.

Yang H, Cai X, Lu D (2024) Effects of waterlogging at flowering
stage on the grain yield and starch quality of waxy maize.
Plants 13(1): 1-12.

Zhang Y, Song X, Yang G, Li Z, Lu H, Kong X, Eneji AE, Dong H
(2015) Physiological and molecular adjustment of cotton to
waterlogging at peak-flowering in relation to growth and
yield. Field Crops Res. 179: 164-172.



