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ABSTRACT: Details on growth and yield for cassava planted on different dates are useful for
determining suitable genotypes for particular growing seasons. Our aim was to study growth
and yield of cassava planted on different dates. Four cassava genotypes (Kasetsart 50, Rayong
9, Rayong 11 and CMR38-125-77) were evaluated using a randomized complete block design
(RCBD) with four replications in six growing periods (20 Apr, 25 May, 30 June, 5 Oct, 10 Nov
and 15 Dec 2015-2016) at Khon Kaen, Thailand. Soil properties were determined prior to plant-
ing, and crop traits and weather data were recorded. The six planting dates had a statistically
significant effect on all crop traits. Low temperatures and solar radiation related to low biomass
accumulation rates and short periods of linear phases for total crop and storage root dry weights
with the 30 June planting date. CMR38-125-77 is likely to be a good genotype with respect to to-
tal crop and storage root dry weights at final harvest for almost all growing dates, except for the
20 Apr. Leaf area index (LAl) at 120, 240 and 300 days after planting (DAP), specific leaf area
(SLA) at 120 DAP, storage root growth rate (SRGR) during 300-360 DAP and leaf growth rate
(LGR) during 60-120 and 300-360 DAP were the components for the physiological determinants
of total crop and storage root dry weight. The relationship between these physiological traits and

Introduction

Cassava (Manihot esculenta Crantz) is normally
grown in tropical and subtropical regions (Howeler,
2014). Thailand is one of the world's major cassava
producers. However, the average cassava yield in the
country is still lower than expected levels. The potential
simulated and obtained experimental cassava yields un-
der favorable conditions vary from 25 to 30 t ha! of dry
weight (approximate 80 to 90 t ha™ fresh weight) (Cock et
al., 1979; El-Sharkawy et al., 1990; El-Sharkawy, 1993).
The majority of the cassava growing areas in Thailand
are in the tropical savanna climate zone, and the grow-
ing period covers almost all seasons (Thailand Ministry
of Agriculture and Cooperatives, 2008). To increase cas-
sava productivity, the most effective option is to choose
the appropriate genotype for cultivation with suitable
planting dates and supplementary irrigation. Variability
in crop responses to diverse weather conditions with dif-
ferent planting dates is a normal occurrence in cassava.
Temperature and solar radiation affected crop growth
rate, leaf area index, (LAI) specific leaf area (SLA) and
yield (Irikura et al., 1979; Keating et al., 1982a, b; Fukai
et al., 1984a, b; Aye, 2012).

Since inconsistency in cassava performance with
different planting dates has been a common occurrence,
selecting cassava genotypes with high productivity for
various growing dates is a challenging task for plant
breeders. Furthermore, the International Center for
Tropical Agriculture (CIAT), Colombia, adopted a breed-
ing strategy based on selection for specific agroecozones
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storage root could be useful for cassava breeding.
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with different edaphic and climatic conditions (Jennings
and Iglesias, 2002). Breeders generally select the desir-
able genotypes based on yield and harvest index (HI)
(Kawano, 1990; Banterng et al., 2006). However, final
crop yield is the result of crop growth rates and underly-
ing physiological changes (Boote et al., 2001). A study
of the physiological traits such as growth rate of crop
(CGR), stem (SGR), leaf (LGR) and storage root (SRGR),
as well as LAI and SLA of different cassava genotypes
responsible for different yield performances in various
planting dates could provide more information concern-
ing the influence of climatic factors on growth habit and
yield. Research at CIAT, emphasized the relationship
between photosynthetic capacity of leaves and crop pro-
ductivity as a selection trait in breeding (El-Sharkawy et
al., 1990; El-Sharkawy, 2006). Additional knowledge of
cassava growth analysis and physiological determinants
of yield with different planting dates should be explored.
The aim of this research was to investigate growth and
yield of different cassava genotypes planted on different
growing dates.

Materials and Methods

Experimental information

Four different cassava branching genotypes were
used in this study. Kasetsart 50 genotype (branching
type) was introduced in Thailand in 1993. Rayong 9
(non-branching type) and Rayong 11 (branching type)
were released in Thailand in 2005 and 2010, respective-


https://orcid.org/0000-0001-6591-7344
http://orcid.org/0000-0003-3535-8718
https://orcid.org/0000-0003-4164-8148
https://orcid.org/0000-0001-7455-4514
https://orcid.org/0000-0001-5495-2953
http://orcid.org/0000-0002-1555-0537

Phoncharoen et al.

ly. CMR38-125-77 (branching type) was the elite geno-
type. Performances of the four cassava genotypes were
evaluated at Khon Kaen, Thailand (16°28'27" N and
102°48'36" E, 195 m a.l.s.) during 2015-2016 by using
a randomized complete block design (RCBD) with four
replications. Plot size and plant spacing for each cassava
stake were 196 m? and 1 x 1 m, respectively.

Land preparation was carried out by following the
normal procedures for experimental fields of cassava.
The stems of cassava at nine months after planting were
cut as stakes 20 cm in length soaked with thiamethoxam
25 % water dispersible granules (WG| at a rate of 4 g per
20 liters of water for 30 min to protect against the cas-
sava mealy bug (Thailand Ministry of Agriculture and
Cooperatives, 2008). The cassava stakes of four different
cassava genotypes were then planted vertically on the
ridges during 2015-2016 in order to evaluate the six dif-
ferent planting dates (20 Apr, 25 May, 30 June, 5 Oct, 10
Nov and 15 Dec 2015). Weeds were manually controlled
throughout the experimental fields. At one month after
planting, KCl fertiliser was applied based on soil proper-
ties that were determined before planting and informa-
tion from Howeler (2002). Additionally, (NH),SO, fertil-
iser was applied at a rate of 46.9 kg ha™'. N-P,0.-K,O
formula 15-0-18 was applied at the rate of 312.5 kg ha™
two months after planting (Thailand Ministry of Agri-
culture and Cooperatives, 2008). Soil moisture content
in the experimental fields was determined using sets of
tensiometers placed at depths of 20 cm and 40 cm for all
six planting dates. When water tension at 40 cm of soil
depth was below -30 kPa, supplementary irrigation was
applied with an overhead sprinkler system in order to
avoid crop water stress situations; irrigation was termi-
nated when the water tension at this depth was between
-20 and -10 kPa.

Data collection

For each planting date, soil samples prior to plant-
ing were taken from four points at depths of up to 30
cm. The following chemical and physical proprieties
were determined: percentage of sand, silt and clay, soil
pH, cation exchange capacity, organic matter, total nitro-
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gen, available phosphorus and exchangeable potassium.
The soil textures were sandy with low total nitrogen and
organic matter contents. Other physical and chemical
characteristics of the soil prior to planting (shown in Ta-
ble 1) indicated poor soil fertility. However, the results
indicated high amounts of available phosphorus with
sufficient concentration to meet the cassava requirement
as proposed by Howeler (2002). Therefore, phosphorus
fertiliser was not applied in the experimental fields.

Six plants from each experimental plot were sam-
pled at 60, 120, 180, 240, 300 and 360 days after plant-
ing (DAP) for all six planting dates to determine growth
rates, LAI and SLA. In addition, 18 plants per plot were
sampled to determine final yield, starch content and HI
at 360 DAP. The sampled plants were separated into indi-
vidual organs, such as leaves, petiole, stem, root and stor-
age root. All plant materials were then subsampled (about
10 % of the total fresh weight of each organ). Subsamples
of green leaves were used to measure leaf area using a
leaf area meter. Subsamples of all plant organs were ov-
en-dried at 80 °C until constant weight was achieved, to
determine the dry weight of the individual plant organs.
Growth rates (CGR, LGR, SGR and SRGR) for three dif-
ferent crop durations ((1) canopy and root development
and storage root bulking: 60-120 DAP, (2) high carbohy-
drate partitioning to storage root: 180-240 DAP, and (3)
declining phase: 300-360 DAP (Alves, 2002)) were calcu-
lated for each plant organ as the change in dry weight per
ground area per unit of time. The total leaf area of the
subsample and its corresponding dry weight at 120, 240
and 300 DAP were then used to calculate SLA. The LAI
values at 120, 240 and 300 DAP were calculated as the
ratio of canopy leaf area to ground area. The HI values
at 360 DAP were calculated as the ratio of storage root
dry weight to total crop dry weight (Banterng et al., 2003;
Koutroubas et al., 2009). In addition, daily maximum and
minimum temperatures, amount of solar radiation and
rainfall were recorded by an automatic weather station.

Statistical analysis
Analysis of variance (ANOVA) for each individu-
al planting date, combined analysis for all six planting

Table 1 - Soil properties prior to planting at the depth of 0-30 cm for six different planting dates.

Soil property Planting date

20 Apr 25 May 30 June 5 Oct 10 Nov 15 Dec
Physical property
Sand (%) 81.96 80.82 78.51 74.19 81.89 79.76
Silt (%) 11.37 10.09 7.20 11.75 9.72 11.62
Clay (%) 6.68 9.09 14.29 14.06 8.40 8.61
Chemical property
pH 7.30 6.27 5.04 5.29 5.64 5.39
Cation exchange capacity (cmol kg) 6.62 7.80 3.52 4.60 6.38 6.99
Organic matter (g kg) 3.7 3.1 2.9 4.8 3.1 2.7
Total nitrogen (g kg™) 0.2 0.2 0.1 0.2 0.1 0.1
Available phosphorus (mg kg1) 56.85 45.02 9.89 16.10 32.60 15.45
Exchangeable potassium (mg kg) 27.63 27.70 17.86 36.42 52.31 21.82
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dates and mean comparisons based on the least signifi-
cant difference test (LSD) were performed on all crop
growth data. Multiple regression analysis was used to
examine the relationship between physiological traits
(CGR, LGR, SGR and SRGR, LAI and SLA) and final
dry weights of the crop, as well as storage root yield.
The ANOVA and mean comparisons were conducted us-
ing MSTAT-C version 1.42 program. The logistic func-
tion and regression analysis were completed using Sig-
maPlot, version 10.0.

Results

Weather conditions and logistic curves for six
different growing dates

During the period from Apr 2015 to Dec 2016 (Fig-
ure 1), daily mean temperature, maximum temperature,
minimum temperature and solar radiation for the hot
season (mid-Feb to mid-May) ranged from 22.5-35.6 °C,
29.2-43.9 °C, 14.3-29.5 °C and 7.2-23.4 M]J m™ d!, re-
spectively; for the rainy season (mid-May to mid-Oct)
ranges were from 22.6-33.4 °C, 24.2-40.1 °C, 20.8-28.3
°C and 4.6-25.4 M] m d!, respectively; and for the cool
season (mid-Oct to mid-Feb) ranges varied from 12.3-
29.2 °C, 16.8-38.7 °C, 8.9-24.7 °C and 5.4-24.5 MJ m™?
d, respectively. The total amount of rainfall in that pe-
riod was 1,888.4 mm. Although there were differences
in rainfall for the six growing dates, supplementary irri-
gation was also applied during dry periods, which were
identified using sets of tensiometers placed at soil depths
of 20 cm and 40 cm. Thus, rainfall might not have been
a limiting factor for the cassava crop grown on the six
different planting dates.

Based on the logistic curves for total biomass ac-
cumulation (Figure 2A and B), the exponential phases of
cassava were carried out during the hot and rainy sea-
sons for the 20 Apr planting date, the rainy season for the
25 May and 30 June planting dates, and the cool season
for the 5 Oct, 10 Nov and 15 Dec planting dates. Accord-
ing to the linear phase, cassava experienced the rainy
season to the cool season for the 20 Apr, 25 May and
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Figure 1 - Maximum temperature, minimum temperature, solar
radiation and rainfall during 2015 to 2016 at Khon Kaen, Thailand.
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30 June planting dates and the hot season to the rainy
season for the 5 Oct, 10 Nov and 15 Dec planting dates.
The linear phases of the logistic curves for total biomass
for each planting date were also determined through
different season durations. The 5 Oct, 10 Nov and 15
Dec planting dates had a lower rate of total biomass ac-
cumulation during the exponential phase compared to
the other three planting dates. The planting dates of 20
Apr and 10 Nov had more total biomass accumulation
with longer periods of high production rate in the linear
phase or grand period of growth compared to the other
planting dates. Similar results were reported for storage
root accumulation (data not shown).

According to the weather conditions during the
three different crop durations, low temperatures during
60-120 DAP for the 5 Oct, 10 Nov and 15 Dec plant-
ing dates (cool season) (Table 2) slightly expanded the
exponential phase for total biomass (Figure 2B). During
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Figure 2 - Total dry weight patterns of cassava grown on 20 Apr,
25 May and 30 June planting dates (A) and 5 Oct, 10 Nov and 15
Dec planting dates (B).
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the 180-240 DAP for the 25 May and 30 June planting
dates (cool season), low temperatures and solar radiation
(Table 2) decreased the period of the linear phase and
reduced the rate of total biomass accumulation (30 June
plating date) (Figure 2A). The results for the growth of
the storage root were similar (data not shown), except
during the 180-240 DAP for the 25 May and 30 June
planting dates which had high storage root growth rates.
However, the short period of these high growth rates
ultimately caused low storage root production.

Performances of four cassava genotypes for each
planting date

The results of analysis of variance for each indi-
vidual planting date (Figure 3A) showed that CMR38-
125-77 had the highest values of total dry weight, with
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statistical significances for the 30 June (p < 0.05) and
15 Dec planting dates (p < 0.05), and Rayong 9 for the
5 Oct planting date (p < 0.05). Although Kasetsart 50
did not have the highest ranking in terms of total dry
weight, it could be identified as a top genotype for the
30 June, 5 Oct and 15 Dec planting dates. The logistic
curves in Figure 4A, B, C, D, E and F indicated that
CMR38-125-77 demonstrated good performance based
on total dry weight accumulation for almost all planting
dates, with the exception of the 20 Apr planting date.
Kasetsart 50 had high total dry weight accumulation for
the 20 Apr, 25 May, 10 Nov and 15 Dec planting dates.
There were significant differences between the four
cassava genotypes (p < 0.05) for most planting dates
in terms of storage root fresh weight (except for the 25
May planting date), and storage root dry weight also had

2 2NN W
o oo ©o o o

Storage root dry weight (t ha™")

o o

Q! @ < < o
'19?‘ qf:‘k‘ .5050 %O »\Q$ )
Planting date

W
S

N )
o o O

=)

Starch content
(% by fresh weight)

o o

Planting date

Figure 3 — Total dry weight (A), storage root fresh weight (B), storage root dry weight (C), harvest index (HI) (D) and starch content (by fresh
weight) (E) at the final harvest of Kasetsart 50, Rayong 9, Rayong 11 and CMR38-125-77 grown at different planting dates. The same letters
in each planting date are not significantly different by least significant difference (p < 0.05). Error bars indicate standard deviation of means.
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significant differences (p < 0.05) for all planting dates
(Figure 3B and C). Each cassava genotype produced the
best storage root dry weight for different planting dates.
Considering all six planting dates, however, Rayong 9
and CMR38-125-77 represented superior genotypes in
terms of storage root dry weight. The logistic curves
(Figure 5A, B, C, D, E and F) indicated that CMR38-125-
77 produced high storage root dry weight accumulation
for almost all planting dates, with the exception of 20
Apr. Rayong 9 appeared to be good for storage root dry
weight accumulation for the planting dates of 25 May,
30 June, 5 Oct and 10 Nov. Significant differences (p <
0.05) between the four cassava genotypes in HI were
recorded for 20 Apr, 25 May, 30 June and 5 Oct planting
dates, and Rayong 9 showed high values of HI (Figure
3D). Non-significant differences between the four cas-
sava genotypes in terms of starch content were recorded
for most planting dates, with the exception of 20 Apr (p
< 0.05) and 25 May (p < 0.05) (Figure 3E).

Growth of cassava in different seasons

from 180 to 240 DAP for all planting dates (p < 0.01 and
p < 0.05). Rayong 9 was recorded as a genotype with the
highest values of SRGR from180 to 240 DAP for the 20
Apr, 25 May and 30 June planting dates, and CMR38-125-
77, Kasetsart 50 and Rayong 11 with 5 Oct, 10 Nov and
15 Dec planting dates, respectively. For SRGR from 300
to 360 DAP, significant differences between the four cas-
sava genotypes were recorded for all six planting dates (p
< 0.01). Rayong 11 was the best in terms of SRGR from
300 to 360 DAP for the 20 Apr and 25 May planting dates,
while Kasetsart 50 gave the highest values for the 10 Nov
and 15 Dec planting dates.

Table 2 - Temperatures and total solar radiation of 2015 and
2016 for the periods of 60-120, 180-240 and 300-360 days
after planting (DAP) for six different planting dates at Khon Kaen,
Thailand.

Planting ~ Maximum  Minimum  Average Total solar

Crop age L

There were significant differences between the four date  temperature temperature temperature radiation
cassava genotypes in CGR from 60 to 120 DAP for the °C MJ m-=
planting dates of 5 Oct (p < 0.01) and 10 Nov (p < 0.05), 20 Apr 39.7 22.8 285  1064.4
and Kasetsart 50 had the highest values (Table 3). Highly 25 May 36.6 22.8 275  1017.0
significant differences between the four genotypes in 60120 30 June 36.9 20.7 27.2 993.3
CGR from 180 to 240 DAP were found for most planting DAP 5 Oct 37.1 9.2 24.9 933.4
dates (p < 0.01), except for the 15 Dec planting date (p < 10 Nov 42.3 16.8 18.1 980.8
0.05), with the highest values in Rayong 9 for the 20 Apr, 15 Dec 43.9 143 295 10333
25 May and 30 June planting dates. The highest values 20 Apr 37.7 138 26.8 10214
of CGR from 180 to 240 DAP for the 5 Oct, 10 Nov and 25 May 37.7 9.2 25.6 926.0
15 Dec planting dates were recorded for CMR38-125-77, 180-240 30 June 38.7 8.9 24.4 967.8
Kasetsart 50 and Rayong 11, respectively. For CGR from DAP 5 Oct 43.9 22.2 315 12147
300 to 360 DAP, a non-significant difference was found 10 Nov 41.1 23.1 29.2  1094.8
only for the planting date of 10 Nov; other planting dates 15 Dec 38.7 22.2 28.2  1056.0
demonstrated highly significant differences (p < 0.01). 20 Apr 43.9 143 30.0 1058.1
Each genotype showed the best performance for differ- 25 May 43.9 19.3 314 11409
ent planting dates. Rayong 9 had the highest values of 300-360 30 June 41.1 22.2 29.7 11558
SRGR from 60 to 120 DAP with planting dates of 20 Apr DAP 5 Oct 364 22.7 21.6 999.9
(p < 0.01) and 25 May (p < 0.05). There were significant 10 Nov 36.3 18.4 26.7 951.0
differences between the four cassava genotypes in SRGR 15 Dec 34.9 16.2 25.6 979.0
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Table 3 - Crop growth rate (CGR) and storage root growth rate (SRGR) for the periods of 60-120, 180-240 and 300-360 days after planting (DAP)
of four cassava genotypes grown on six different planting dates.

Crop age Genotype CGR (g m2d) SRGR (g m2d?)
60-120 DAP 180-240 DAP 300-360 DAP 60-120 DAP 180-240 DAP 300-360 DAP
Kasetsart 50 14.6 1.3 13.6 2.1 4.3 9.7
20 Apr Rayong 9 16.2 30.3 -10.8 5.1 194 -10.6
Rayong 11 14.6 17.5 13.9 2.6 10.3 14.1
CMR38-125-77 15.3 10.9 16.6 2.5 75b 9.0
S.E.(nh=16) 1.37 1.37 0.87 0.43 0.91 0.47
LSD - 6.28 4.00 1.95 4.19 2.18
F-test ns p<0.01 p<0.01 p<0.01 p<0.01 p<0.01
C.V. (%) 18.00 18.22 20.89 27.61 17.59 17.06
Kasetsart 50 13.7 10.5 4.2 3.4 11.9 0.8
Rayong 9 13.2 19.5 3.8 4.8 11.8 4.2
25 May
Rayong 11 11.0 7.9 9.0 2.3 4.7 7.9
CMR38-125-77 14.5 9.0 -19.7 3.8 4.3 -7.3
S.E.(n=16) 0.83 1.35 0.14 0.48 1.12 0.23
LSD - 6.21 0.65 1.53 5.17 1.07
F-test ns p<0.01 p<0.01 p<0.05 p<0.01 p<0.01
C.V. (%) 12.76 23.05 -40.63 26.89 27.57 46.61
Kasetsart 50 11.3 7.7 -1.3 4.2 2.6 2.6
Rayong 9 10.9 14.8 7.0 4.9 12.4 5.0
30 June Rayong 11 11.3 125 23 6.2 8.4 35
CMR38-125-77 13.8 12.2 2.6 6.3 5.20 1.4
S.E.(n=16) 0.91 0.98 0.35 0.58 0.92 0.17
LSD - 4,53 1.60 - 4.23 0.80
F-test ns p<0.01 p<0.01 ns p<0.01 p<0.01
C.V. (%) 15.34 16.69 40.19 21.38 19.10 25.12
Kasetsart 50 10.8 3.6 -4.8 6.5 3.3 1.1
5 Oct Rayong 9 9.6 4.0 4.6 5.3 2.2 6.5
Rayong 11 8.6 3.3 7.3 4.3 3.3 8.7
CMR38-125-77 6.3 12.9 5.4 34 5.8 9.9
S.E.(n=16) 0.71 0.61 0.58 0.37 0.50 0.80
LSD 3.26 2.82 2.65 1.72 2.29 3.68
F-test p<0.01 p<0.01 p<0.01 p<0.01 p<0.01 p<0.01
C.V. (%) 16.07 20.60 36.67 15.33 27.49 26.71
Kasetsart 50 14.4 22.5 5.3 7.9 9.5 11.3
10 Nov Rayong 9 10.3 12.6 6.8 5.8 7.4 5.6
Rayong 11 8.2 11.8 8.3 3.2 5.6 7.1
CMR38-125-77 14.2 17.6 8.0 7.5 4.5 6.5
S.E.(n=16) 1.14 1.88 1.07 0.84 0.91 0.81
LSD 3.64 8.66 - 2.68 291 3.72
F-test p < 0.05 p<0.01 ns p < 0.05 p < 0.05 p<0.01
C.V. (%) 19.07 23.37 30.21 26.75 26.90 21.30
Kasetsart 50 9.3 11.0 14.9 4.4 3.2 12.5
15 Dec Rayong 9 7.9 135 10.4 3.1 4.9 7.4
Rayong 11 8.6 16.4 3.7 3.4 6.5 3.9
CMR38-125-77 10.8 13.3 -3.0 4.4 6.3 3.7
S.E.(h=16) 0.72 0.87 1.44 0.47 0.72 0.89
LSD - 2.79 6.62 - 2.30 4.07
F-test ns p<0.05 p<0.01 ns p < 0.05 p<0.01
C.V. (%) 15.83 12.89 44.35 24.57 27.65 25.73

S.E. = standard error; n = number of observations; LSD = least significant difference; C.V. = coefficient of variation; ns = not significant.

CMR38-125-77 had the highest values of SGR 10 Nov (p < 0.05) and 15 Dec (p < 0.05) (Table 4). There
from 60 to 120 DAP, with statistical significance for the were significant differences (p < 0.01 and p < 0.05)
planting dates of 25 May (p < 0.01), 30 June (p < 0.01), between the four cassava genotypes in SGR from 180
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Table 4 - Stem growth rate (SGR) and leaf growth rate (LGR) for the periods of 60-120, 180-240 and 300-360 days after planting (DAP) of four
cassava genotypes grown on six different planting dates.

Crop age Genotype SGR (g m2 d) LGR (g m2d)
60-120 DAP 180-240 DAP 300-360 DAP 60-120 DAP 180-240 DAP 300-360 DAP
Kasetsart 50 8.7 3.0 2.1 2.3 5.5 1.0
20 Apr Rayong 9 8.0 12.0 -1.7 2.2 -1.2 0.4
Rayong 11 7.7 9.5 4.1 2.8 -1.4 0.6
CMR38-125-77 9.6 6.5 4.8 1.9 -1.7 0.5
S.E. (n=16) 0.79 1.01 0.41 0.18 0.12 0.08
LSD - 4.64 1.89 - 0.83 0.38
F-test ns p<0.01 p<0.01 ns p<0.01 p<0.01
C.V. (%) 18.63 26.12 35.27 15.89 9.68 49.49
Kasetsart 50 6.3 5.1 3.0 3.2 -1.6 1.5
Rayong 9 4.8 9.9 6.2 2.1 0.8 1.0
25 May Rayong 11 5.1 5.3 2.4 2.4 12 03
CMR38-125-77 7.2 6.2 -10.4 2.3 0.3 0.3
S.E. (n=16) 0.41 1.08 0.98 0.22 0.10 0.12
LSD 1.90 3.46 4,53 - 0.44 0.54
F-test p<0.01 p < 0.05 p<0.01 ns p<0.01 p<0.01
C.V. (%) 14.10 21.44 -49.32 15.55 -19.57 37.32
Kasetsart 50 2.9 6.2 0.6 3.0 0.2 0.1
Rayong 9 3.2 3.8 4.6 1.8 0.3 1.1
30 June Rayong 11 2.5 35 1.4 1.8 05 13
CMR38-125-77 4.2 49 0.2 2.2 0.4 1.4
S.EE.(n=16) 0.22 0.55 0.24 0.24 0.17 0.06
LSD 1.01 1.75 1.11 0.76 0.55 0.28
F-test p<0.01 p<0.05 p<0.01 p<0.05 p < 0.05 p<0.01
C.V. (%) 13.75 23.92 28.91 21.72 16.27 40.19
Kasetsart 50 1.6 1.1 2.6 1.8 0.3 -1.6
5 Oct Rayong 9 2.0 2.3 1.5 1.5 0.1 -1.3b
Rayong 11 1.9 1.6 -1.4 1.5 0.6 -1.0
CMR38-125-77 1.7 3.2 2.0 0.8 0.3 0.7
S.E. (n=16) 0.17 0.26 0.14 0.12 0.03 0.10
LSD - 1.21 0.65 0.55 0.13 0.45
F-test ns p<0.01 p<0.01 p<0.01 p<0.01 p<0.01
C.V. (%) 18.46 25.80 -25.15 17.03 22.81 -17.24
Kasetsart 50 3.0 10.1 5.9 2.5 2.4 0.2
Rayong 9 2.3 4.8 1.6 1.5 0.2 0.8
10 Nov Rayong 11 21 5.8 3.1 1.9 0.5 0.1
CMR38-125-77 3.3 10.8 3.9 2.3 2.6 0.1
S.E. (n=16) 0.28 1.11 0.48 0.11 0.18 0.04
LSD 0.89 5.08 2.21 0.50 0.82 0.17
F-test p < 0.05 p<0.01 p<0.01 p<0.01 p<0.01 p<0.01
C.V. (%) 20.69 28.13 26.91 10.56 27.04 -24.01
Kasetsart 50 2.2 7.4 2.9 1.8 0.2 -1.3
15 Dec Rayong 9 2.4 7.9 6.4 15 0.3 0.3
Rayong 11 2.5 7.5 1.9 1.7 1.5 0.5
CMR38-125-77 3.2 6.7 -0.7 2.1 0.1 -1.3
S.E. (n=16) 0.17 0.61 0.43 0.14 0.04 0.10
LSD 0.54 - 1.99 - 0.20 0.47
F-test p<0.05 ns p<0.01 ns p<0.01 p<0.01
C.V. (%) 13.06 16.53 33.25 15.54 16.83 23.94

S.E. = standard error; n = number of observations; LSD = least significant difference; C.V. = coefficient of variation; ns = not significant.

to 240 DAP for most planting dates, except for 15 Dec. Highly significant differences (p < 0.01) in SGR were
Rayong 9 showed the highest values of SGR from 180 to observed between the four genotypes from 300 to 360
240 DAP for the 20 Apr and 25 May planting dates, and DAP. Kasetsart 50 was the best for SGR from 300 to 360
CMR38-125-77 for the 5 Oct and 10 Nov planting dates. DAP for the 25 May and 10 Nov planting dates, and Ray-
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ong 9 for the 30 June, 5 Oct and 15 Dec planting dates.
The highest values of LGR from 60 to 120 DAP with
statistical significance were reported for Kasetsart 50 for
the planting dates of 30 June (p < 0.05), 5 Oct (p < 0.01)
and 10 Nov (p < 0.01). Rayong 11 produced the highest
LGR from 180 to 240 DAP, with statistical significance
for the 30 June (p < 0.05), 5 Oct (p < 0.01) and 15 Dec
(p < 0.01) planting dates, and CMR38-125-77 for the 25
May (p < 0.01) and 10 Nov (p < 0.01) planting dates.
For LGR at 300-360 DAP, highly significant differences
(p < 0.01) between the four cassava genotypes for all six
different planting dates were recorded. Kasetsart 50 had
the highest values of LGR from 300 to 360 DAP for the
20 Apr and 25 May planting dates, while CMR38-125-77
gave the highest values for the 30 June, 5 Oct and 10
Nov planting dates.

There were significant differences (p < 0.01 and
p < 0.05) between the four cassava genotypes in LAI
at 120, 240 and 300 DAP with all six planting dates,
except for LAI at 300 DAP on the 15 Dec planting date
(Table 5). Rayong 11 gave the highest values of LAI at
120, 240 and 300 DAP on planting dates of 20 Apr and
25 May, while Kasetsart 50 showed good performance
on planting dates of 5 Oct and 10 Nov. CMR38-125-77
had the highest values of SLA at 120 DAP, with statisti-
cal significance (p < 0.05) for the 20 Apr, 30 June and
10 Nov planting dates. Rayong 11 was the best in terms
of SLA at 240 DAP, with statistical significance for the
planting dates of 30 June (p < 0.01) and 10 Nov (p <
0.01), and CMR38-125-77 for the 5 Oct (p < 0.05) plant-
ing date. For SLA at 300 DAP, there were significant
differences (p < 0.01 and p < 0.05) between the four
cassava genotypes grown for the planting dates of 5 Oct
and 10 Nov.

Combined analysis and relationship between
physiological traits and storage root yield

The combined analysis of variance indicated a
highly significant effect (p < 0.01) of planting dates (or
growing dates), genotypes and planting date x genotype
on almost all physiological traits (Table 6). The varia-
tions due to planting dates comprised the major part of
the total variations for almost all crop traits. Planting
date x genotype contributed to the greater part of the
total variations for CGR from 180 to 240 DAP, CGR from
300 to 360 DAP, SRGR from180 to 240 DAP and SRGR
from 300 to 360 DAP.

The results of stepwise regression analysis (Table
7) indicated that total crop dry weight at final harvest
could be explained by a combination of LAI at 120, 240
and 300 DAP, SLA at 120 DAP, SRGR at 300-360 DAP,
LGR at 60-120 and 300-360 DAP, with the R? value of
0.60 (p < 0.05). However, the combination of LAI at 120,
240 and 300 DAP, SLA at 120 and 240 DAP, CGR at 300-
360 DAP, SRGR at 300-360 DAP, SGR at 180-240 DAP,
LGR at 60-120 and 300-360 DAP had the strongest re-
lationship with storage root dry weight at final harvest,
with an R? value of 0.58 (p < 0.05).
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Discussion

The study of CGR, SGR, LGR, SRGR, LAI and
SLA during different growing periods, along with the
dry weights of crop and storage root yield and HI at the
final harvest of different cassava genotypes with varying
planting dates provides more information concerning
growth habit, as well as a better understanding of the
adaptability and physiological determinants of storage
root yield of cassava planted at different growing dates.
The results from the combined analysis indicated that
there were interactions between the six planting dates
and the four cassava genotypes for almost all crop traits.
These findings reveal that the effect of growing date dif-
fers significantly with the tested genotypes for most crop
traits. The six different planting dates had a statistically
significant effect on all crop traits and constituted the
major part of the total variations for certain crop traits,
except for CGR at 180-240 DAP, CGR at 300-360 DAP,
SRGR at 180-240 DAP and SRGR at 300-360 DAP. The
differences in crop traits between the six planting dates
were expected due to weather factors, such as tempera-
ture and solar radiation, during the growing dates. Low-
er values for average air temperature and solar radiation
during the period 1 Dec to 1 Mar 2016 (during the cool
season; average temperature range 12.3 - 29.6 °C; solar
radiation range 7.9 - 19.3 MJ m2 d-!) relate to a lower ac-
cumulation rate and a shorter period for the linear phase
for total biomass for the 30 June planting date. The cool
season conditions also reduced total biomass accumula-
tion rates during the early growth period and exponen-
tial phase for the 5 Oct, 10 Nov and 15 Dec planting
dates. However, high temperatures and solar radiation
during the hot and rainy seasons supported high total
biomass productions in the linear phase or grand pe-
riod of growth for the 5 Oct, 10 Nov and 15 Dec plant-
ing dates. Similar results and supported reasons were
also found for storage root accumulation (El-Sharkawy,
1993). An air temperature below 20 °C decreased pho-
tosynthesis, growth and storage root weight of cassava
(El-Sharkawy, 2006; El-Sharkawy, 2012). A study by Ke-
ating et al. (1982a), conducted in Queensland, Australia
(27°37" S and 153°19" E, 5 m a.l.s.) indicated that both
the mean air temperature and solar radiation were cor-
related with CGR of cassava. Increasing the mean air
temperature from 14 °C to 26 °C and solar radiation from
11 M] m? d* to 23 M] m™2 d' could improve the GCR
of M Aus 10 genotype. However, Keating et al. (1982b)
reported that little change in storage root growth rate for
cassava genotype M Aus 10 occurred with a mean air
temperature range of 13-25 °C in Queensland, Australia
(27°37' S and 153°17" E, 45 m a.l.s.). With regard to the
effect of solar radiation on crop growth, previous studies
have also reported that a large amount of solar radiation
during the planting period resulted in an increase in to-
tal crop and storage root dry weights in cassava (Fukai
et al., 1984a, b) and other crops, such as peanut (Phaka-
mas et al., 2013), soybean (Banterng et al., 2010) and rice
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Table 5 - Leaf area index (LAI) and specific leaf area (SLA) at 120, 240, 300 days after planting (DAP) of four cassava genotypes grown on six

different planting dates.
Crop age date Genotype LAl {crm? cm) SLA (cm? g7)
120 DAP 240 DAP 300 DAP 120 DAP 240 DAP 300 DAP
Kasetsart 50 5.8 3.0 1.8 287.0 239.6 190.1
20 Apr Rayong 9 5.7 4.1 1.7 330.2 213.3 179.1
Rayong 11 8.7 5.0 3.8 332.4 252.9 201.5
CMR38-125-77 5.9 3.0 1.9 335.2 240.1 217.0
S.E.(n=16) 0.33 0.17 0.17 10.00 13.82 13.58
LSD 1.51 0.79 0.79 31.99 - -
F-test p<0.01 p<0.01 p<0.01 p<0.05 ns ns
C.V. (%) 9.74 9.09 14.98 6.23 11.69 13.79
Kasetsart 50 6.8 3.5 1.9 334.1 229.2 212.3
25 May Rayong 9 5.2 2.7 1.2 326.7 205.8 186.0
Rayong 11 8.1 4.4 4.4 459.1 253.0 212.1
CMR38-125-77 7.3 4.3 1.4 409.9 252.0 186.2
S.E.(n=16) 0.56 0.22 0.15 35.71 16.55 9.15
LSD 1.79 1.01 0.69 - - -
F-test p < 0.05 p<0.01 p<0.01 ns ns ns
C.V. (%) 16.37 11.87 13.44 18.68 14.09 9.19
Kasetsart 50 3.9 3.7 3.4 208.0 211.0 216.6
30 June Rayong 9 2.9 1.5 1.7 240.7 182.7 208.7
Rayong 11 3.1 4.1 4.7 237.7 233.3 243.5
CMR38-125-77 4.6 2.4 2.7 282.5 201.1 272.6
S.E.(n=16) 0.27 0.14 0.40 14.60 7.15 25.07
LSD 1.26 0.66 1.85 46.72 32.88 -
F-test p < 0.01 p<0.01 p<0.01 p < 0.05 p<0.01 ns
C.V. (%) 15.13 10.49 25.90 12.06 6.91 21.30
Kasetsart 50 2.7 4.0 6.9 194.6 209.6 279.5
5 Oct Rayong 9 2.3 2.3 3.4 193.0 187.5 200.2
Rayong 11 2.3 3.7 5.4 191.5 237.9 272.6
CMR38-125-77 1.8¢c 4.2 3.7 205.63 247.9 243.9
S.E.(n=16) 0.13 0.18 0.30 4.48 10.58 8.09
LSD 0.58 0.57 1.37 - 33.84 37.20
F-test p<0.01 p < 0.05 p<0.01 ns p<0.05 p<0.01
C.V. (%) 11.22 10.03 12.25 4.57 9.58 6.50
Kasetsart 50 35 7.1 4.3 191.6 237.8 249.1
10 Nov Rayong 9 2.3 3.7 2.7 191.0 204.8 212.4
Rayong 11 2.5 6.5 3.9 184.0 276.2 252.6
CMR38-125-77 3.7 6.8 3.4 215.3 264.1 275.8
S.E.(n=16) 0.17 0.49 0.23 5.21 8.75 13.13
LSD 0.78 2.27 1.04 16.68 40.22 42.02
F-test p<0.01 p<0.01 p<0.01 p < 0.05 p<0.01 p < 0.05
C.V. (%) 11.29 16.41 12.66 5.33 7.12 10.62
Kasetsart 50 2.5 5.6 3.6 194.1 260.2 2315
15 Dec Rayong 9 2.1 5.2 3.1 205.3 258.5 253.6
Rayong 11 2.5 6.8 3.3 211.1 275.6 248.1
CMR38-125-77 2.9 4.6 3.5 214.0 280.0 247.9
S.E.(n=16) 0.15 0.15 0.14 5.88 8.75 14.51
LSD 0.47 0.68 - - - -
F-test p<0.05 p<0.01 ns ns ns ns
C.V. (%) 11.79 5.37 8.43 5.71 6.51 11.84

S.E. = standard error; n = number of observations; LSD = least significant difference; C.V. = coefficient of variation; ns = not significant.

(Phakamas et al., 2013; Vilayvong et al., 2015). In the Pa-
tia Valley, in southwestern Colombia (2°09" N and 77°04'
W, 600 m a.l.s.), which is characterized by high solar ra-
diation (22 MJ m™ d!), high mean annual temperature
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(28 °C) and high atmospheric humidity (70 %) conditions
near optimal for high photosynthesis and growth, a dry
root yield in ten months of 27 t ha™ was experimentally
obtained (El-Sharkawy et al., 1990; El-Sharkawy, 1993).
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Table 6 — Mean squares from combined analysis for physiological traits of four cassava genotypes grown on six different planting dates.

Source of variation

Physiological traits

Planting date (PD) Replication/PD Genotype (G) G x PD Pool error
LAl at 120 DAP (cm? cm™) 70.35 p<0.01 0.94 525 p<0.01 193 p<0.01 0.37
LAl at 240 DAP (cm? cm™) 25.94 p<0.01 0.23 1480 p<0.01 261 p<0.01 0.26
LAl at 300 DAP (cm? cm-) 1489 p<0.01 0.58 1832 p<0.01 263 p<0.01 0.25
SLA at 120 DAP (cm2 g™!) 96453.40 p<0.01 675.50 901830 p<0.01 283080 p<0.01 1113.70
SLA at 240 DAP (cm? g) 7136.50 p<0.01 428.20 10001.00 p<0.01 473.60 ns 520.80
SLA at 300 DAP (cm2 g™!) 9502.64 p<0.01 645.33 5769.55 p<0.01 1571.54 ns 896.81
CGR for 60-120 DAP (g m2 d-!) 9221 p<0.01 4,73 21.06 p<0.01 981 p<0.01 3.80
CGR for 180-240 DAP (g m2 d-) 205.67 p<0.01 19.90 166.83 p<0.01 155.45 p<0.01 6.23
CGR for 300-360 DAP (g m= d-!) 202.08 p<0.01 8.84 11098 p<0.01 330.36 p<0.01 2.98
SRGR for 60-120 DAP (g m2 d-!) 2381 p<0.01 1.53 567 p<0.01 6.52 p<0.01 1.20
SRGR for 180-240 DAP (g m2 d) 87.45 p<0.01 9.29 86.96 p<0.01 53.30 p<0.01 3.02
SRGR for 300-360 DAP (g m2 d-) 128.77 p<0.01 5.98 58.65 p<0.01 167.79 p<0.01 1.59
SGR for 60-120 DAP (g m2 d-) 105.62 p<0.01 0.87 7.31 p<0.01 0.98 ns 0.65
SGR for 180-240 DAP (g m2 d-!) 78.17 p<0.01 4.90 8.62 p<0.05 2356 p<0.01 2.98
SGR for 300-360 DAP (g m2 d-!) 130.36 p<0.01 4.03 29.75 p<0.01 41.98 p<0.01 1.09
LGR for 60-120 DAP (g m2 d-!) 203 p<0.01 0.37 1.67 p<0.01 0.51 p<0.01 0.12
LGR for 180-240 DAP (g m2 d!) 28.33 p<0.01 0.21 416 p<0.01 500 p<0.01 0.06
LGR for 300-360 DAP (g m2 d-) 8.14 p<0.01 0.04 242 p<0.01 201 p<0.01 0.03
Total dry weight (t ha)* 637.57 p<0.01 8.65 34.21 p<0.01 31.66 p<0.01 7.29
Storage root fresh weight (t ha™)* 625.25 p<0.01 20.97 339.46 p<0.01 158.82 p<0.01 21.13
Storage root dry weight (t ha)* 139.76  p<0.01 5.29 5759 p<0.01 31.71 p<0.01 3.64
Starch content (% by fresh weight)* 73.73  p<0.01 3.65 70.16 p<0.01 19.22 p<0.01 3.83
HI* 0.02 p<0.01 0.00 0.03 p<0.01 0.01 p<0.01 0.00

LAl = leaf area index; DAP = days after planting; SLA = specific leaf area; CGR = crop growth rate; LGR = leaf growth rate; SGR = stem growth rate; SRGR = storage

root growth rate; *final harvest; ns = not significant.

Table 7 - Stepwise regressions between physiological traits and dry weights of total crop and storage root at final harvest for four cassava

genotypes grown on six different planting dates.

Variable Coefficient pvalue Determination coefficient (R?) p-value for regression
Total crop dry weight

Constant 42.84 0.00 (p < 0.01)

LAl at 120 DAP 4.27 0.00 (p < 0.01)

LAl at 240 DAP 1.46 0.00 (p < 0.01)

LAl at 300 DAP 2.41 0.00 (p < 0.01)

SLA at 120 DAP 0.08 0.00 (p < 0.01) 060 p<005
SRGR for 300-360 DAP 0.24 0.00 (p < 0.01)

LGR for 60-120 DAP -3.92 0.00 (p < 0.01)

LGR for 300-360 DAP -2.60 0.00 (p < 0.01)

Storage root dry weight

Constant 27.93 0.00 (p < 0.01)

LAl at 120 DAP 1.56 0.00 (p < 0.01)

LAl at 240 DAP 0.77 0.01 (p < 0.05)

LAl at 300 DAP -0.94 0.01 (p < 0.05)

SLA at 120 DAP -0.03 0.00 (p < 0.01)

SLA at 240 DAP -0.03 0.03 (p < 0.05) 0.58 p<0.05
CGR for 300-360 DAP 0.19 0.01 (p < 0.05)

SRGR for 300-360 DAP 0.43 0.00 (p < 0.01)

SGR for 180-240 DAP 0.53 0.00 (p < 0.01)

LGR for 60-120 DAP -3.63 0.00 (p < 0.01)

LGR for 300-360 DAP -1.48 0.01 (p < 0.05)

LAl = leaf area index; DAP = days after planting; SLA = specific leaf area; CGR = crop growth rate; SRGR = storage root growth rate; LGR = leaf growth rate; SGR

= stem growth rate.

Stepwise regression analysis showed that LAI at
120, 240 and 300 DAP, SLA at 120 DAP, SRGR from 300
to 360 DAP, LGR from 60 to 120 DAP and LGR from
300 to 360 DAP were the physiological determinants of
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total crop dry weight at final harvest. As the results of
both separate analyses of variance and logistic curves
for all planting dates showed Kasetsart 50 and CMR38-
125-77 were generally good for total crop dry weight
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production. High values for total crop dry weights in
Kasetsart 50 correlated with high values for LAI at 120
and 240 DAP and SRGR from 300 to 360 DAP, whereas
high total crop dry weights for CMR38-125-77 correlat-
ed to high values of LAI at 120 DAP. The results of the
stepwise regression analysis showed that the physiolog-
ical determinant of storage root dry weight at final har-
vest was a combination of LAI at 120, 240 and 300 DAP,
SLA at 120 and 240 DAP, CGR at 300-360 DAP, SRGR
at 300-360 DAP, SGR at 180-240 DAP, LGR at 60-120
DAP and LGR at 300-360 DAP. These findings confirm
the importance of leaf area duration and leaf retention
as selection criteria for genotype stability across sea-
sonal variations (El-Sharkawy et al., 1992; Lenis et al.,
2006). Rayong 9 and CMR38-125-77 would be desirable
genotypes based on final storage root and storage root
dry weight accumulation for nearly all planting dates.
An increase in the storage root dry weight at the final
harvest related to high values for LAI at 120 DAP and
SGR from 180 to 240 DAP for CMR38-125-77, and SGR
from 180 to 240 DAP for Rayong 9.

Based on final harvest data for all six planting
dates, the results of this study showed that CMR38-
125-77 performed well in terms of mean values for
both total crop and storage root dry weights (34.1 and
17.7 t ha'!, respectively). For the 20 Apr planting date,
however, total crop and storage root dry weights of
CMR38-125-77 were rather low and can be attributed
to the short duration of the linear phase, while Ray-
ong 11 gave the highest values with a long duration of
the linear phase. Overall, CMR38-125-77 represented
an alternative genotype for almost all planting dates,
and Rayong 11 was good for the 20 Apr planting date.
These two cassava genotypes would also be suitable
parental sources for improving cassava varieties in or-
der to maximize both total crop and storage root dry
weight. Crop traits during the early growth stage of
cassava (LAI at 120 DAP, SLA at 120 DAP and LGR
during 60-120 DAP), as well as leaf growth during the
late growing period (LAI at 240 and 300 DAP and LGR
at 300-360 DAP), were the components of physiologi-
cal determinants of both total crop and storage root dry
weights at final harvest. Leaf is an important source for
growth of the storage root in cassava. High LAI values
in cassava resulted in an increase in crop photosynthe-
sis, growth and final storage root yield (El-Sharkawy et
al., 1992; Lahai et al., 1999; El-Sharkawy and De Tafur,
2010; Phuntupan and Banterng, 2017). The maximum
LAl in cassava varied from four to eight, depending on
the genotype and the environmental conditions dur-
ing crop growth (Cock, 1985). However, Ramanujam
(1985) reported that low-yielding genotypes maintain
LAI values less than 2 and greater than 4 which re-
duced light use efficiency. The leaf areas of cassava
and storage roots grow simultaneously, and photosyn-
thetic carbon assimilation is partitioned between these
two organs (Lebot, 2009). For SLA, previous studies
have indicated that decreased SLA can enhance cas-
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sava photosynthesis (CO, uptake) and, thus, results
in greater crop growth capacity (El-Sharkawy et al.,
1992; Phuntupan and Banterng, 2017). SRGR from
300 to 360 DAP (the late growing period) was also a
component of the physiological determinants of stor-
age root dry weight at final harvest. A positive cor-
relation between storage root yield and tuberous root
bulking rate of cassava has also been reported by La-
hai et al. (1999). A previous study demonstrated that
SRGR from180 to 210 DAP greatly contributed to the
variation in storage root dry weight at the final har-
vest of cassava grown under a different nitrogen fertil-
iser application rate (Phuntupan and Banterng, 2017).
Therefore, these physiological traits could be used to
describe how particular cassava genotypes function
for different growing dates.

This study showed how different cassava geno-
types perform for different growing dates. The study
of physiological traits in relation to yield performance
and enhancement of cassava growth under different
growing conditions could facilitate a better under-
standing of crop performance for different environ-
ments and the selection of physiological traits and
suitable management practices for improving crop
productivity (Phuntupan and Banterng, 2017). In ad-
dition, an assessment of physiological traits and their
impact on crop yield has significant implications for
the design of new plant types for profitable yield po-
tential for particular environments. These physiologi-
cal traits also involve the application of crop simu-
lation models as a tool for the development of new
ideotypes (Boote et al., 2001; Jones et al., 2003; White
and Hoogenboom, 2003; Ghanem et al., 2015) in sup-
port of the cassava improvement program and ulti-
mately increase the efficiency of cassava breeding for
specific environments.

Conclusions

There were significant differences between the six
growing dates for all crop traits contributing to the larg-
est variations for most crop traits, except for CGR from
180 to 240 DAP, CGR from 300 to 360 DAP, SRGR from
180 to 240 DAP and SRGR from 300 to 360 DAP. Low
values of daily temperatures and solar radiation during
the cool season for the 30 June planting date were asso-
ciated with low accumulation rates and short periods in
linear phases for total biomass and storage root. Based
on mean values for six planting dates, CMR38-125-77
seems to be a good genotype in terms of total crop and
storage root dry weights at the final harvest for most
planting dates, except for the 20 Apr planting date for
which Rayong 11 was the best. The crop traits (LAI at
120, 240 and 300 DAP, SLA at 120 DAP, SRGR from 300
to 360 DAP, LGR from 60 to 120 DAP and LGR from
300 to 360 DAP) were the components of physiologi-
cal determinants of both total crop and storage root dry
weights at final harvest.
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