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Abstract: A field experiment to determine the mfluence of root rot on dry matter
partition of three cassava cultivars planted in the Sabongidda-Ora humid forests
and in the Ibadan derived savanna of Nigeria was carried out from July 2003-
November 2005. In each location, healthy cassava stems of three varieties; TME-1
(local), TMS 30572 and TMS 4 (2) 1425 (both improved) were planted in a
randomized complete block design with 3 replications. Dry matter partition data
were recorded and statistically analysed using the general linear model statistical
procedures. Comparisons among treatment means less than six were made with the
Least significant square and up to six and above with the Duncan multiple range
test (p = 0.05). Results were compared with the previously reported root rot
mncidences and severities from the same cultivars. Results showed cultivar TME-1,
previously reported to have the highest root rot incidence of 52.6% and a severity
of 21.3% at 12 months after planting in Sabongidda-Ora humid forest, to have the
lowest dry matter partition of 367.4 g to roots in the same location, 12 months after
planting. This was sigmficantly lower than the 804.1 g of TMS 4(2)1425 and the
667.6 g of TMS 30572 recorded in the same location; cultivars TMS 4(2)1425 and
TMS 30572 have also been reported to have the lowest root rot mncidences of 0 and
6.4% and severities of 0-0.5% at the Tbadan derived savanna. The trend was the
same during the second year planting. The results show clearly that root rot can
have significantly negative effect on the dry matter partition to the storage roots of
root rot susceptible cassava cultivar.

Key words: Manihot esculenta Crantz., Nigeria, tuberous roots, humid forest,
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INTRODUCTION

Root yield components of a cassava (Manihot esculenta Crantz.) plant are number of
storage roots per plant, average root weight (fresh) and root dry matter content. In cassava,
foliage and storage roots develop simultanecusly; resulting in competition for assimilates,
assimilate supply 1s thus divided between foliage and storage roots. In cassava, partitioning
of dry matter to different parts of the plant varies during the growth cycle. Allocation of dry
matter to the storage roots varies from almost zero during the early growth stages to nearly
80% of the daily dry matter production during the late growth stages. The relationship
between total dry weight of the plant and dry weight of the storage roots 1s linear,
suggesting that the rate of root growth keeps pace with the rate of crop growth
(Ekanayake ef al., 1998).
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A typical growth pattern of a cassava plant shows dry matter production and vegetative
development. A dry matter production result in an mcrease of assimilates during the life cycle
of the crop. Phasic development (Vegetative plant growth) implies a sequence of four growth
phases for a crop harvested after 12 months (Ekanayake et al., 1998). The phases are as
follows:

*  Establishment phase commences when stem cuttings sprout, leaves form and vegetative
growth begins

*  Storage root mitiation phase begins with the mitiation and formation of storage roots
that start to compete for assimilates

*  The storage root-bulking phase 1s the phase when storage roots enlarge while the leaf
area reaches a maximum. When the crop is exposed to a dry period at the latter part of
this phase, the leaf area reduces and crop growth slows down

¢+  Recovery phase is the stage when cassava re sprouts and produces a new canopy.
Storage root growth and competition for assimilates continue

Cassava tuberous roots are sometimes left in the ground after plant maturity and
harvested as required for consumption (Onyeka ef al., 2005). Such underground storage and
delayed harvest 1s problematic where the incidence of root rot 18 high. Cassava root rot can
be caused by fungi, bacteria and some parasitic mushrooms (Moses et al., 2008). In the
surveys of 16 states of the humid forest and moist savamna agro-ecologies mn Nigeria,
tuberous root rots were recorded to be widespread constraints of cassava production
(IIT A, 2000). Earlier reports highlighted the mmportance of root rots as constraints to cassava
production (Lozano, 1989), but more recent reviews ranked root rots behind mosaic disease
and bacterial blight infections (Hillocks and Wydra, 2002, Dixon et al., 2003). Yield losses of
up to 25% have been documented in Africa (Messiga et al., 2004). Based on surveys of
farmers in the humid forest area of Cameroon, 58% of the sampled population (n = 120)
ranked root rot disease as the mam constraint to cassava production (Mwangi, M.;
Bandyopadhyay, R. and Nelte, C. unpublished data). For over fifteen years in Ghana, a
parasitic mushroom (Pelyporus sulphureus), originally suspected to be pathogemic on
woody plants, has been found attacking cassava plants and causing severe root rots. This
parasitic mushroom has been reported as capable of causing 100% yield loss on farms where
susceptible cultivars are planted (Moses ef al., 2008).

Effective and reliable control measures will remain elusive as long as little 15 known
concermng the disease and its host-pathogen relationshups. The objective of the
investigation in this study therefore was to investigate the influence of root rot on dry matter
partition in three cassava cultivars planted in different ecological environments in Nigeria.

MATERIALS AND METHODS

In Tuly 2003 cassava field trial was set up in TITA experimental fields located in Thadan
(derived savanna). This same trial was repeated m August 2003 at Sabongidda-Ora (humid
forest). Healthy cassava stems of three varieties, TME-1 (local), TMS 30572 (improved) and
TMS 4 (2) 1425 (improved) were planted in a randomized complete block design with
3 replications. Within each plot were 12 rows of cassava stands and each row was a ridge of
15 stands which were 1 m apart along the row and also 1 m between rows.
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Protocol for Harvest and Dry Matter Analysis

Three destructive samplings at 6, ¢ and 12 Months after Planting (MAP) and a final
harvest were carried out. During each sampling, five cassava plants were harvested on
alternate rows (1.e., dthrow at 6 MAP, 6th row at 9 MAP and 8th row at 12 MAP). Plant data
recorded were:

*  Fresh weight of leaves and stems (kg): These were determined after separating the
leaves and stems from roots

¢+ Number of tuberous roots:. This was determined after separating tuberous roots from
the fibrous roots

*  Fresh weight of tuberous roots (kg)

*  Total dry weight of leaves, stems and tuberous roots (kg plot™): All the components
of the total shoots or tuberous roots per plot were chopped up into tiny pieces. These
were placed into a paper packet and dried in the oven at 65°C for five days. The dry-
matter content (%) of shoots and roots were calculated as the ratio between fresh weight
and dry weight:

¢+  Number of rotted tuberous roots: The percentage rot incidence was calculated by
dividing number of rotted tubers by the total number of tubers and then, multiplying by
100

*  Rot severity on tuberous roots: The percentage-rotted area covered by the pathogen
was calculated by visual observation and by making longitudinal and cross sections on
tuberous roots with rot

Percentage severity — Rotted part 100
No. of roots x 100

The dry matter partitioning for each sampling was assessed by comparing the dry
weight of tuberous roots with those stem and leaves. Comparing this over the 12 months
period gave the trend of dry matter partitiomng.

RESULTS

Cassava Root Rot Incidence and Severity in Ibadan and Sabongidda-Ora

The cassava root rot incidence and severity data obtained from a previous experiment
preceding this one (Aigbe and Remison, 2009) were used for this study. The first year of the
study, generally showed root rot to be significant only at 12 MAP in the two locations.
TME-1, at 12 months after planting (MAP) n the Sabongidda-Ora humid forest had the
highest root rot incidence of 53% and a 21% severity, while TMS 4(2)1425 and TMS 30572
had the lowest root rot incidences of 0 and 6.4% and severities of 0-0.5% at the Ibadan
derived savamma (Table 1, 2).

The second year’s planting showed similar trend, except, root rot on TME-1 was also
now sighificant at 9 MAP in Tbadan (Table 1, 2).

Cassava Dry Matter Partition to Stem, Leaves and Roots in Ibadan and Sabongidda-Ora
Ibadan

AtTbadan and for all cultivars, the dry matter partition to leaves, stem and storage roots
followed similar pattern for all the 3 genotypes in the different growth stages. Partitions to
the roots were generally significantly more while partitions to leaves and stem were
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Table 1: Percentage root rot incidence and severity of three cassava varieties at 6, 9 and 12 MAP* in Thadan, Onne and
Sabongidda-Ora®*

6 MAP 9 MAP 12 MAP

Location Genotype Incidence Severity Incidence Severity Incidence Severity

2004

Ibadan 30572 Q. Qb+ 0.0° 0.74* 0.3 6.4° 0.5
4(2)1425 0.0¢ 0.00 5.6 kX0 0.0¢ 0.0°
TME-1 0.0¢ 0.00 2.6 1.6 18.1¢ 2.6°

Sabongidda-Ora 30572 0.0° 0.0* 0.6 0.3 14.8° 59
4(21425 0.0 0.0° 0.0¢ 0.0¢ 242 14.7%
TME-1 0.0 0.0° 0.0¢ 0.0¢ 52.6 21.3*

2005

Ibadan 30572 2.9 1.8 0.9 0.9 4,90 kX
4(2)1425 3.9 7.28 1.1 1.1 3.2 3.2
TME-1 1.7 1.4* 3597 32.8 13.5 12,9

Sabongidda-Ora 30572 1.3 1.1* 12.%¢ 11.1# 13.8° 13.8°
4(21425 0.0 0.0° 36 36 11.0¢ 11.0¢
TME-1 0.0¢ 0.0° 12.5° 12.5° 39.2¢ 37.2¢

*MAP: Months after planting, *#Data represent a mean of five stands, ***Values with the same letter in the same colurmn
under the same year/location are not significantly different at p = 0.05

Table 2: Percentage root rot incidence and severity of three cassava varieties at 6, 9 and 12 MAP* across different

locations**
6 MAP 9 MAP 12 MAP

Location Genotype Incidence Severity Tncidence Severity Incidence Severity

2004

Ibadan 30572 Q. Qb+ 0.0 0.74 0.3f 6.4 0.5
4(2)1425 0.0 0.0 5.6% 3.0 0.0 0.0F
TME-1 0.0' 0.0 261 1.6 18.1°%0 2.6

Sabongidda-Ora 30572 0.0t 0.0f 0.6 0.3f 14,858 5.9f
4(21425 0.0t 0.0f 0.04 0.0f 24, 2%k 14,785
TME-1 0.0t 0.0f 0.0 0.0f 52.6® 21.3+

2005

Ibadan 30572 2.9 1.8° 0.9 0.9 4.91 39
4(21425 §.gel 7.2%f 1.1 L.1f 3o 3.2
TME-1 1,74 1.4¢ 35.9¢ 328 13,558 12,958

Sabongidda-Ora 30572 1.3 1.1f 12,958 11.1%F 13.8%% 13.8%f
4(2)1425 0.0t 0.0f 3.6t 3.6 11.0% 11.0%f
TME-1 0.0t 0.0 12.5% 12.5%F 39,2 37.2%

*MAP: Months after planting, **Data represent a mean of five stands, ***Values with the same letter in the same column
are not significantty different at p =0.03

approximately equal with no significant difference except at the 12 months after planting
when the partition to the leaves dropped both drastically and significantly behind that of
stem. What was lost by the leaves was gained by the stem and storage roots (Table 3).

During the second year planting, dry matter partition to leaves, stem and storage roots
for the 2 genotypes followed the same trend observed in first year (Table 3).

Sabongidda-Ora

Like at Tbadan, the dry matter partition to leaves, stem and storage roots at 6 and
9 months after planting, followed similar pattern for all the 3 genotypes. Partitions to the
roots were generally sigmficantly more while partitions to leaves and stem were
approximately equal with no significant difference. But at 12 MAP unlike at Thadan, no
sigmficant difference was observed between stem and roots; with an exception for TMS
4(2)1425. TME-1 dry matter partition to roots, 367.4 g at 12 MAP was the lowest and was
significantly lower than the 804.1 g of TMS 4(2)1425; the highest recorded on roots at 12
MAP. The 804.1 g dry matter partition to roots of TMS 4(2)1425 was not sigmficantly
different from its 684.8 g dry matter at [badan (Table 3, 4).
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Table 3: Dry matter partition to stem, leaves and roots of 3 cassava genotypes, under different agro ecological
environments, 6, 9 and 12 months after planting in different years (2004 and 2005)

6 MAP 9 MAP 12 MAP
Stem Leaves Roots Stem  Leaves Roots Stem Leaves Roots
Years Genotype ()
2004
Ibadan TMS 30572 7ROk 713 2573 137.8 170.6° 3107 421.6° 317 859.16
TMS 4(21425) 445 48.8 89.73  1124* 1074 217.% 3271 386 68477
TME-1 44.6° 56.8 187.3* 1152 0969 2655 3147 4.1° 550.9¢
Sabongidda-Ora TMS 30572 523 4645 2004+ 88.74° 9234 3564 4752 3640 667.6
TMS 4(21425) 18.5° 21.5  103.3* 7192 7017 3877 214° 355 804.1°
TME-1 43.9° 525 187.3* 1658 1356 47590 2823 33.1° 35744
2005
Thadan TMS 30572 120 105 199.60  333.8% 471.8 5124 7933 546 1330.6°
TMS 4(21425) 73.5° 77.5% 1054 151.2° 1204° 4044 2823 307 711.3
TME-1 7.9 79.9 1688  208.2% 1187 2649 499.1* 558 8092
Sabongidda-Ora  TMS 30572 26.9 245 76.59*  362.3 411.5 307.2* 389.3» 203 6153
TMS 4(21425) 18.3° 21° 63.96* 1134 1208 1378 184.6° 142° 360.6
TME-1 15.2 18.1*  38.07° 288 188.4" 288 3728 317 41.34°

*Values with the same letter in the same row under the same MAP are not significantly different at p = 0.05

Table 4: Dry matter partition to stem, leaves and roots of 3 cassava genotypes, 6, 9 and 12 months after planting across
different locations** in different vears (2004 and 2005)

6 MAP 9 MAP
Years Genotype _ Stemn (g) Leaves (g) Roots (g)  Stem (g) Leaves (g) Roots (g)
2004
Ibadan 30572 78.89Mmmenx 7] ogfehill 257,28 170.6% 187.8¢ 310,17kt
4(2)1425 44, 5]1mr 48, 8] Prhan 89,74 112, 4nrcp 107, 4oty 217,90
TME-1 44, 58w 56, 8 ftiklm 187.2i 115, 2Mmmop OO fOelzhikl 265, 5
Sabongidda-Ora 30572 52.28%F 46.4] o 20043 g8 74twwr g 3qefehifn 356 ek
4(2)1425 18.49% 21,520 103.38 88, 3Hnuop 82 720fehikinn 4QQ grdel
TME-1 43,9ar 52, 54tk 187.3# 165, gikn 135.6%% 475, gedefeh
2003
Ibadan 30572 119, Gme 105°%iax 201.2% 329.3%f 476.7% 512.4°%F
421425 73, §Hlmop 77 Sfehijkbon 105.3 151, 2ikkan 129, 4%k 404 4 fekd
TME-1 71.938mmop 79, 8@l 168.8% 224, 3% 155.9% 2640k
Sabongida-Ora 30572 66, Gner 62.2] ghiklra 236,700 348 6% 398.2¢ 307.2¢thak
421425 17.35%® 20,12k 136.4M 113, 4idmnop 2, Glefehi 137.7
TME-1 25.55%¢ 33.2pun 47.44 389.67 201 143.5%
12 MAP
Years Genotype Stern (g) Leaves (g) Roots (g)
2004
Ibadan 30572 421.6% 3168 659.2
421425 327.1%f 58.5 Stk 681.8*
TME-1 314. 7% 44, () Giklzn 550,908
Sabongidda-Ora 30572 475.2% 36,37 687.8%
4(2)1425 214gH 35,4 ghkna 804.1°
TME-1 282 3% 33,09k 367 4otk
2003
Ibadan 30572 TO3.3 54, G5tk 1331
421425 282 3% 39,21 711.3=
TME-1 499.1* 55,7 kb 80%F
Sabongida-Ora 30572 380, 3 202, 615,30
421425 184, ghik 141,950 360, 6k
TME-1 37.28™F 31, 7oMm 41.3

*#Values with the same letter in the same column are not significantly different at p = 0.03, **Plots invaded by Bacteria

Blight

During the second year planting at Sabongidda-Ora, dry matter partition to leaves, stem
and storage roots for the 3 genotypes followed similar trend observed in first year. Dry matter
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partition to roots in TME-1 at 12 MAP was now reduced to a miserable 41.34 g; the lowest
observed at 12 MAP for the two planting seasons (Table 3).

DISCUSSION

The dry matter partition trend observed at Thadan; were by the partitions to the roots
were generally significantly more, while the partitions to the leaves and stem were
approximately equal with no significant difference except at the 12 months after planting
when the partition to the leaves dropped significantly behind that of stem, can relatively be
regarded as normal. This should be so because Thadan derived savanna had insignificant
root rot when compared to Sabongidda-Ora humid forest. With the exception of TMS 30572
and susceptible TME-1 and 12 MAP, the observation that the dry matter partition to roots
in both locations and in all varieties at 12 MAP was significantly higher than those of stem
and leaves is perfectly in order, since this is the most economical part of the plant at this
stage.

The general observation that dry matter partition to leaves at 12 MAP dropped
significantly behind those of stem and roots is to be expected since the stem and the roots
are the critical portions of the cassava plant at this time rather than vegetative growth.
Twelve months after planting is the ideal harvest time for cassava tuberous roots; the
harvested roots are consumed or processed while the stems are used as planting materials
for the next planting season. This is also in agreement with Ekanayake et al. (1998), who
reported that partitioning of dry matter to the storage roots varies from almost zero during
the early growth stages to nearly 80% of the daily dry matter production during the late
growth stages. They reported the relationship between total dry weight of the plant and dry
weight of the storage roots to be linear, suggesting the rate of root growth keeps pace with
the rate of crop growth.

The fact that TME-1, with the highest root rot mncidence and severity (52.6 and 21.3%,
respectively) at 12 MAP i Sabongidda-Ora also had the lowest root dry matter (367.4 g) at
12 MAP, even lower than the 475.9 g recorded at 9 MAP, is an indicator that root rot
activities reduces dry matter partition to roots. This result agree with the findings of other
workers, who, though working with various crops and different pathogens, similarly
observed that an increase in disease severity results mn reduction of dry matter production.
For instance, McLean (1926) reported a lower dry matter content in potato tubers after
infection with secondary leaf-roll disease. Jordan et al. (2007), also reported a great
decreased in root and shoot diy matter production after inoculation of winter barley plants
with Pyrenophora teres in a glasshouse. During an experiment involving inoculation of
radish with nodules inducing bacterium - arctic strain (N44), a 44% reduction in radish dry
matter yield was observed (Antoun et al., 1998). The percentage dry weight of the storage
roots of sweetpotato were sumilarly observed to be highest when Fusarium root rot was
reduced as result of treatment with UV-C doses from 0 to 3.6 kJ m ™ (Stevens ef al., 1999).
Simpfendorfer et al. (1999) also observed that a 14-58% reduction in Phytophthora root rot
severity of subterranean clover (Trifolium subterraneum 1..) resulted into a corresponding
20-73% mcrease i dry matter production.

Since the dry matter partition to the stem of root rot susceptible TME-1 at 12 MAP at
Sabongidda-Ora (282.3 g) and Thadan (314.7 g) were significantly lower than those of root rot
tolerance TMS 30572, both at Sabongidda-Ora (475.2 g) and Thadan (421.6 g), it shows
therefore that root rot also affect dry matter partition to stems. The reduction m dry matter
partition to the roots of TME-1 (41.3 g) at 12 MAP in Sabongidda-Ora as result of root rot
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was responsible for it not differing significantly from the 37.3 g partition to stem, as would
have been expected. Even though the root tissue selected for dry matter analysis was healthy
looking, this however did not rule out the possibility of latent mfection. This 1s because five
distinct phases are mvolved in root rot diseases development, mtroduction, mcubation,
penetration, nfection and root rot disease (Keinath ef al., 2007). The last phase alone results
m symptoms expression, the process of root rot disease development most likely has already
commenced 1n the healthy looking root tissue of rot susceptible TME-1 processed for dry
matter analysis.

CONCLUSION

In conclusion, this research has shown for the first time that high root rot incidence /
severity reduce dry matter production and partitioning in cassava plants. There is a great
potential for cassava for food particularly with increased population, market opportunities
and recent policies aimed at reducing cereal imports. Effective control of cassava root rot will
contribute towards the constancy of not only supply but of quality cassava to urban markets
throughout the year and strengthen food security of rural commumities thereby leaving the
farmers rich.

There 1s need for more detailed study on the effect of different regimes of temperature,
solar radiation and soil moisture on root rot and dry matter partitioning in a controlled
environment. The molecular analysis of the pathogens / cassava cultivars involved should
also be studied. Studies that will lead to increased understanding of the effect of other
diseases on the dry matter of cassava roots are also desirable.
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