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Bridging the yield gaps is of major concern to rice breeders and agronomists under rainfed rice
cultivation. The yield performance of lowland and upland rainfed rice varieties was investigated in
farmers’ and researchers’ field conditions at four locations in Ifakara. Selected agronomic practices
namely; recommended fertilizer (80 kgN/ha), spacing of 20 cm x 20 cm, weed free fields and high
yielding varieties of TXD306, Komboka and Tai for lowland rainfed, and NERICAl, NERICA2 and
NERICA4 for upland rainfed rice. Moreover, farmer selected varieties Supa India and WahiPesa were
used as the local control in this research. The study revealed that yield performance of lowland rainfed
rice varieties and in farmers’ fields ranged between 2.9 and 6.9 t ha™, while in the upland rainfed rice the
yield ranged between 2.5 and 5.4 t ha™. This was similar to yield that was obtained from the researchers’
fields which ranged between 2.4 and 8.5t ha™in lowland and between 1.8 and 4.8 t ha™in upland fields.
The yield gap analysis revealed that the gap of between 35 and 60% previously reported in lowland rice
was narrowed to 0to 12.1%, while in the upland rice from 24.5 to 28.6% previously reported to 0% and
excess yield over the potential yields and yields previously reported by farmers. The performance of all
improved rice varieties at farmers and researchers’ field were significantly higher compared to the local
check varieties Supa India and WahiPesa. It was concluded that, providing farmers with selected good
agronomic practices and supervision of farmers in field management activities enhanced rice
productivity under farmers’ conditions and narrowed or bridged the yield gaps that existed.

Key words: Upland rice, good agronomic practices (GAPs), lowland rice, productivity, yield gaps.

INTRODUCTION

Rice (Oryza sativa L.) is one of the most important be grown on more than 162 million hectares worldwide by
cultivated crops in the world. Rice has been reported to 2010 (GRIiSP, 2013). In Tanzania, rice is the second
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Table 1. Characteristics of 8 rice varieties, their yield potentials, farmer realised yield and established yield gap.

Farmer Yield
. Agro-ecological Days to Researc_her realised gap
SIN  Variety (year of release) Aroma ; Potential .
system Maturity . yield analysed
yield (t/ha) (t/ha) (t/ha)
1 Super India (50s) farmers variety) ~ Aromatic Lowland rainfed 120 -135 20-30 0.5-15 15
2 TXD306 (2002) Semi-aromatic  Lowland rainfed 120 - 125 7.0-8.5 45-55 25-30
3 Komboka (2012) Semi-aromatic  Lowland rainfed 100 - 110 5.0-6.5 3.0-40 20-25
4  Tai(2012) Non-aromatic Lowland rainfed 100 - 110 5.5-6.8 35-45 20-23
5 NERICA1 (2009) Semi-aromatic  Upland rainfed 93-101 3.0-45 25-30 05-15
6 NERICA2 (2009) Non-aromatic Upland rainfed 90 - 95 3.0-4.0 2.0-3.0 1.0
7 NERICA4 (2009) Non-aromatic Upland rainfed 93-98 45-6.0 35-45 10-15
8 WahiPesa (farmers variety) Semi-aromatic  Upland rainfed 110-120 XX 0.5-1.0 XX

XX: Yield potential and gap not known.
Sources: KATRIN (2013); Cholima Agro-Scientific Research Centre’s.

important staple cereal crop next to maize in terms of
production and consumption (MAFSC, 2009; Mghase et
al.,, 2010; USDA, 2013) and ranks first in Ifakara area,
Kilombero district. A total area of 330,000 ha of land is
suitable for rice cultivation in the country (MAFSC, 2009).
About 72% of the land for rice is under rainfed lowland
rice ecosystem, while 20% of it is under upland rainfed
rice ecosystem, making a total of about 92% rice
production in Tanzania from rainfed ecosystems. Only
8% rice cultivation in Tanzania is under irrigated rice
ecosystem. However, rice yield under rainfed ecosystems
in Tanzania is always lower due to moisture stress as
well as use of low yielding local varieties grown with or
without fertilizer application in farmers’ fields (GRIiSP,
2013).

Despite the release and dissemination of improved rice
varieties in the rainfed rice ecosystem such as NERICAs
(New Rice for Africa), that is, NERICA1l, NERICA2,
NERICA4, and NERICA7 with potential yields ranging
between 3.0 and 7.0 t/ha in upland ecosystem and
TXD306, TXD 88, TXD 85, Tai and Komboka with
potential yields ranging between 5.0 and 8.5 t/ha in
lowland ecosystem which was released between 2000
and 2012, the farmers have not yet bring their yield close
to the yield potentials realized by researchers (Katrin,
2013). The rice yields in farmers’ fields have been
reported far below the potential yield. For example, a
report by GRIiSP (2013) which showed yields from
farmers fields ranged between 0.8-1.0 and 1.5-2.0 t/ha in
the upland and lowland rainfed ecosystems, respectively.
These yields are far lower from the potential yields
established by researchers (Katrin, 2013).

Another report established by Agricultural research
institutes KATRIN and Cholima Agro-Scientific Research
centres (Table 1), showed that the yields from farmer
fields ranged between 0.5 and 5.5 t/ha in lowland rice
depending on the variety used. While in the upland rice
ecosystem yield ranged between 0.5 and 4.5 t/ha with

use of improved NERICA rice varieties. Crop production
capacity can be evaluated by estimating potential yield
and water-limited yield levels as benchmarks for crop
production under rainfed conditions. The differences
between these theoretical yield levels and actual farmers’
yields define the yield gaps (Van Ittersum et al., 2013),
and particularly explicit knowledge about these yield gaps
is essential to guide sustainable agricultural
intensification. However, specific constraints reported to
dictate the productivity and yield potential of different
locations, and therefore location specific management
changes and interventions are required to close the
observed yield gap (Mueller et al., 2012). In order to
boost rice productivity and reduce yield gaps in Ifakara
the ecosystem specific analyses of yield gaps were very
potential in addressing the yield production constraints of
selected rice varieties under rainfed environment.

The study analyzed the upland rainfed and lowland
rainfed rice varieties separately to quantify the yield gap
(YQg), that is, the difference between water-limited yield
potential at researchers’ field (Yw) and actual yield (Ya)
at farmers’ field. The study found a yield gap of between
35 and 60% in lowland rainfed rice ecosystem. While in
the upland rainfed rice ecosystem a yield gap of between
245 and 28.6% was found between farmers obtained
yields and the researchers yield potentials (Katrin, 2013;
Merlos et al., 2015). Therefore, intervention plans to
boost farmer yield outputs closer to expected yield
potentials established by researchers was found
essential at the study site in Ifakara.

Previous studies on use of good agronomic practices
reported that good plant spacing, use of improved
varieties, and use of fertilizers increased the yields under
farmers’ field conditions in other areas (Zaman et al.,
2013; Saito et al., 2010; Meertens et al., 2003). However,
the low level of rice production and productivity at Ifakara
and Tanzania in general are caused by several reasons
including small holder farmers’ limited access to rice



information (Ronald et al.,, 2014; Mkanthama, 2013).
According to Chapman and Tripp (2003), there are
concerns with poor performance of public extension,
including its inability to consistently deliver useful
information to resource-poor farmers. The good
agronomic practices and technologies reported were not
very well known to most farmers cultivating rice on small
scale in Ifakara. In order to increase their production,
access to good agronomic practices (GAPs) such as
improved seed varieties, plant spacing, fertilizer and
application rate, weeding time and frequency practices
were needed.

The resulting growth and yield performances of selected
eight rice varieties under farmers and researcher growing
condition were analyzed to investigate how (GAPSs) is
effective on closing or narrowing the previously reported

yield gap.

MATERIALS AND METHODS
Description of the study sites

The study was undertaken in Ifakara area, Kilombero district, which
lies between 8° 04’ to 8° 15’ South and 36° 65’ to 36° 69’ East, at
an altitude ranging between 257 and 330 m above sea level. The
field experiments were carried out at the following four locations in
rainfed conditions. Two farmers managed fields were at Kibaoni
(08° 07 S and 36° 68 E) and Michenga (08° 12' S and 36° 66 E).
The two researcher managed fields were at the Agriculture
Research Institute KATRIN (08° 04’ S and 36° 68 E) and Lumemo
substation (08° 15 S and 36° 67 E).

In an attempt to bridge the yield gaps between farmers and
researchers yields, the farmers and researchers applied the same
agronomic practices (GAPs) such as rice varieties, spacing of 20 x
20 cm?, fertilizer at same rate of 80 kg N/ha, weeding frequency of
two time in a season, seeding in line, and thinning to two seedling
per hill. The researcher was monitoring all the field management
activities accomplished. Ifakara site is considered to have high
potential for rice productivity growth; its climate reported to be sub-
humid tropical, with an average of 1400 mm per annum and the
annual temperature ranged between 28 and 33°C (Katrin, 2012).
The area is generally gently sloping with an alluvial sandy loam
soils on the flat area and the upper zone is dominated by pale sand
of granitic gneiss origin (Katrin, 2012).

Experimental design and crop management

The experiments were carried out under the field condition in a
randomized complete block design (RCBD) layout, in plot sizes of
40 m? with four replications. Experimental units comprised twenty-
rows of 10 m length each, with row-to-row spacing of 20 cm and
plant-to-plant spacing of 20 cm. Spacing between blocks and
between plots were 1 and 0.5 m, respectively. Five seeds were
directly sown per hill. After germination the seedlings were thinned
to two plants per hill for both farmers field and researcher field
conditions in the upland rice and lowland rice ecosystems.

The vyield potential and yield gap previously reported for the
varieties used in this study are summarized in Table 1. The soil
status of the plots before sowing is shown in Table 2. All plots in
farmers managed field and researcher managed fields were
fertilized with a standard rate of 80 kg N/ha of urea applied at the
effective tillering stage by broadcasting method. Weeding was done
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twice at vegetative and at maximum tillering stages.

Data collection and sampling techniques

Data were collected on some phenological growth and vyield
components traits such as days to 50% flowering and 90% maturity,
and above ground biomass (SDt), number of tillers, and plant
height. Others traits were yield and yield components including
number of panicles, total number of spikelets per panicle, number
of fertile spikelets per panicle, thousand grain weight and grain
yield.

Measurement of yield and yield components

An area of 1 m? was sampled for yield and yields components
analyses. The total number of panicles, number of fertile and sterile
spikelet per panicle was counted from 5 randomly selected panicles
in the 1 m? plot areas. The 1000 grains were physically counted and
weighed to get the 1000 grains weight in (g) at 14% grain moisture
content using the procedures described by (Gomez, 1972).

Biomass yield

The total sun-dry weight of the above ground biomass of plants
occupying the 1 m? area were weighed at maturity, then converted
to tons per hectare (tha™) as described by Fageria (2010), whereby
plants in a sampling area were cut at 4 cm above the ground and
sun dried for three days and weighed to get the total biomass
weights above the ground then threshed to get the grain weight.
Then the straws were dried at 80°C until a constant dry weight
obtained.

Grain yield

This was taken as the total grain weight per plot in grams after
threshing then converted to tons per hectare (tha™). The grain
yields of the selected rice varieties were determined according to
(Yoshida, 1981) as follows:

GY= (P x SP x FS x 1000GW x 10°%) 1)

where GY is grain yield (tha™), P is number of panicles (m?), SP is
number of spikelets per panicle, FS is percentage filled spikelets or
grain and GW is 1000-grain weight (g).

Grain harvest index (HI)

This was taken as the ratio of grain weight to the total above ground
biomass yield computed from an area of 1 m?. This index was
obtained using the relationship established by Fageria (2010)
where,

HI = Grain weight (g) / Total weight above ground (Grain + Straw) g
@

Data analysis

The data obtained in the experimental field trials were subjected to
analysis of variance (ANOVA) using (GenStat, 2011) 14th edition
and Excel (Microsoft) for graphs and tables. Mean separation was
done using Tukey’s significance difference test, and the treatments
were compared at (P< 0.05).
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Table 2. Agro-ecology and Soil characteristics for the rainfed ecosystems used in the experiment.

Soil Soil

Total

Available Exchangeable Cations

Site texture pH EC oc N P) (meqg/100 g soil) CEC
Class H.O mS/cm g/kg g/kg mg/kg K Na Ca Mg Cmol/kg
Katrin (RU) Sandy loam 6.40 0.10 11.90 0.65 88.46 0.11 0.04 5.45 1.08 10.80
Kibaoni (RU) Sandy loam 6.10 0.09 5.70 0.60 42.37 0.24 0.08 0.71 0.26 1.52
Lumemo (RL) Clay loam 5.40 0.18 20.20 1.80 43.40 0.35 0.39 9.04 453 21.40
Michenga (RL) Clay loam 5.40 0.18 20.10 1.80 50.60 0.31 0.36 9.94 4.68 20.80

EC= Electro-conductivity, OC= Organic Carbon, CEC= Cation Exchange Capacity, RU=Rainfed Upland, RL=Rainfed lowland

Table 3. Days to 50% flowering and 90% physical maturity of selected Rainfed rice at Ifakara rainfed ecosystem.

. . — Days to 50% Days 90%
Ecology Sites Rice varieties . A .
flowering physical maturity
Komboka 69+0.4 108 +0.4
Michenga Tai 71+04 110+ 0.4
TXD 306 78+0.4 125+ 0.8
Supa India 87+05 128 + 0.7
Lowland rice
Komboka 78+0.4 102+ 0.6
Lumemo Tai 80+0.7 104+0.4
TXD 306 8704 123+1.1
Supa India 98+ 0.5 125+0.7
NERICA1 63+£0.9 98+ 0.4
Kibaoni NERICA2 60+1.3 95+0.8
NERICA4 61+1.0 96 £ 0.8
WahiPesa 68 +0.7 117+04
Upland rice
NERICA1 67 +0.8 95+04
NERICA2 64+1.1 92+04
ARI-KATRIN NERICA4 66+1.1 94 +0.8
WahiPesa 72+1.4 114+ 0.7

Data are means of four replications; = = Standard error of means.

RESULTS

Phenological and growth characteristics of selected
rice varieties

Phenological characteristics

The selected improved rice varieties and two local rice
varieties varied over genotype and environment (Table
3). For example, the 50% flowering time in upland and
lowland rainfed rice ecosystems, varied among rice
genotypes and the site, respectively. The period to 50%
flowering was longer in the lowland rainfed rice
ecosystem than in the upland rainfed rice ecosystem
(Table 3). Flowering for Michenga lowland site was about

69 to 87 days depending on the rice genotypes, and was
shorter than that of Lumemo site about 9 to 11 days,
while in the Upland rice sites; the days to 50% flowering
of all rice genotypes at Kibaoni were shorter by 4 to 5
days compared to that at KATRIN site although such
differences were not statistically significant. NERICA 2
had slightly the shortest 50% flowering than all other
upland rice genotypes at both Kibaoni and KATRIN sites.
The farmers variety (WahiPesa) delayed by 8 to 9 days to
reach 50% flowering compared to NERICA2, which was
earliest variety at Kibaoni and KATRIN sites (Table 3).
The 90% physical maturity time in both upland and
lowland rainfed rice ecosystems varied among rice
genotypes and the sites (Table 3). Varieties Komboka
and Tai were matured earlier compared to TXD 306
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Figure 1. Growth performance of lowland rice at Farmer and researcher fileds (A) number of tillers
per m™ of lowland rice at maturity, (B) plant heights of lowland rice at maturity; Bars indicate standar

error (SE).

(SARO5) and Supa India by 15 to 18 and 19 to 23 days
at Michenga and Lumemo sites, respectively (Table 3).
The farmers’ variety Supa India matured relatively same
as TXD 306 (SARO5) though delayed by 3 to 2 days.

For the Upland rice ecosystem, the 90% physical
maturity was relatively the same at Kibaoni and at
KATRIN upland rice sites, though delayed by 2 to 3 days
longer at Kibaoni. NERICA 2 had the shortest 90%
maturity than all other upland rice genotypes both at
Kibaoni and KATRIN. The local variety (WahiPesa)
delayed by 22 days to reach 90% physical maturity
compared to NERICAZ2, the earlier variety at Kibaoni and
KATRIN sites, respectively (Table 3).

Growth characteristics

In the lowland rainfed ecosystem, the number of tillers in
the lowland rainfed rice ecosystems was significantly
greater at the Lumemo researcher managed site for the
improved rice varieties Komboka, Tai and TXD 306 than
at Michenga farmer managed site. However, at both sites
the local variety Supa India produced significantly lower
number of productive tillers compared to other rice
varieties tested (Figure 1A). At Michenga farmer managed
site, there was no significant difference between Komboka
and Tai varieties in the number of tillers per unit area,
where a decreasing trend in number of tillers from
Komboka, Tai, TXD306 and Supa India was observed
(Figure 1A).

Rice plant height under lowland rainfed rice ecosystem
were not significantly different regardless of sites for
Komboka, Tai and Supa India, while TXD 306 variety
showed significant difference among the sites (Figure
1B). At Michenga farmer managed site, TXD 306 was
significantly taller than at Lumemo researcher managed
site. This characteristic was against the normal plant
height behavior for TXD 306. Supa India, the local check

variety of the farmers showed the tallest
regardless of sites (Figure 1B).

In upland rainfed rice ecosystem, the number of tillers
varied significantly with varieties both at Kibaoni farmer
managed site and at ARI-KATRIN researcher managed
site. The local check variety, WahiPesa produced
relatively similar small number of tillers both at Kibaoni
(farmer managed) and ARI-KATRIN researcher managed
sites (Figure 2A).

The plant height in upland rainfed ecosystem
significantly differed among the sites (Figure 2B). At
Kibaoni all varieties showed no difference in plant
heights, while at ARI-KATRIN researcher managed site,
WahiPesa local check variety was the tallest than all
other upland rainfed rice varieties grown. All NERICA’s
varieties showed no significant difference in plant heights
regardless of sites (Figure 2B).

plants

Yield and yield components
Biomass yield (Dry weights)

The total biomass yield (straw plus grain weights) in the
lowland rainfed rice ecosystem was significantly different
among sites (Figure 3A). The total biomass yield of all
selected lowland rainfed rice plus the local check variety
produced significantly larger biomass yield at Lumemo
researcher managed site compared to Michenga farmer
managed site. However, the farmers’ variety Supa India
produced the smallest total biomass vyield at both
Michenga and Lumemo sites. The improved lowland
varieties TXD 306, Komboka and Tai produced
significantly larger total biomass yield than the local
variety Supa India at Lumemo researcher managed site,
and Michenga farmer managed sites (Figure 3A).

In the upland rainfed rice ecosystem, the total biomass
yield of all selected upland rice varieties including the
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farmers local check variety, showed significantly higher
total biomass yield at Kibaoni farmer managed site than
that produced at ARI-KATRIN researcher managed site
(Figure 3B). NERICAZ2 produced the largest total biomass
yield at Kibaoni followed by NERICA1 and NERICAA4,
WahiPesa the farmers’ local check variety produced the
smallest total biomass yield. NERICA2 had a significantly
larger biomass yield compared to that from the farmers’
local check variety WahiPesa. The farmers managed
upland rainfed rice site at Kibaoni produced significantly
higher total biomass yield than the researcher managed
upland rainfed rice site at AR-KATRIN (Figure 3B).

Grain yield

In the lowland rainfed rice ecosystem, the grain yields of
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lowland and upland rainfed rice, (A) total
(B) total biomass dry weight (tons ha™) of

TXD 306 were significantly higher at Michenga and
Lumemo (Table 4). TXD 306 had a yield of 6.86 t/ha at
Michenga farmer managed field and 8.45 t/ha at Lumemo
researcher managed field. These yields were significantly
higher than the grain yields of other lowland rainfed rice
investigated, followed by Komboka and Tai which
showed relatively similar grain yield performance (Table
4). Supa India variety which was selected by farmers as a
local check produced the lowest grain yields 2.88 and
2.43 t/ha at Michenga and Lumemo sites, respectively.

In the upland rainfed rice ecosystem, the results
showed that the grain yield of improved rice varieties
NERICA1 produced 4.35 and 4.00 t/ha, NERICA2
produced 3.92 and 3.73 t/ha and NERICA4 produced
5.39 and 4.75 t/ha at farmer and researcher fields,
respectively (Table 5). These yields were significantly
higher than those of the local check WahiPesa rice
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Table 4. Grain yield and yield components of four selected rice varieties grown in rainfed lowland ecosystem under Farmer and

Researcher field condition.

. . o Total b Number of i o .
Site Varieties Grain yield Harvest ofa numl er gmk elr? #of Fertlle Fertility ~ 1000grain
location (S) (V) (tha'h) index ot panicle pikelel  Spikelet %) weight (g)

(HI) (m?) panicle®  panicle
Komboka 5.26° 0.52° 193 % 1718 113%° 66.40% 24.51°
Michenaa Tai 6.00™ 0.61° 1812 1542 120% 78.16° 27.78°
g TXD 306 6.86° 0.63? 154 ° 1712 1342 79.66° 33.79°
Supa India 2.88¢ 0.44° 131° 130° 81° 62.03" 27.56"
Komboka 6.08" 0.15% 2562 1502 0g° 65.95% 24.53°
P Tai 5.94° 0.16% 2312 1332 91" 68.35% 29.00°
TXD 306 8.45% 0.20¢ 2552 162% 105%° 64.16% 33.282
Supa India 2.43° 0.10° 122° 123° 74° 60.61" 27.29°
V * * * NS * * *
ANOVA S * * * NS NS NS NS
SxV * * * NS * * NS

*Indicate Significant at 5% level by ANOVA. NS indicate not Significant. Values followed by the same letter in a column within each treatment are
not significantly different at P< 0.05. (Michenga =Farmers field). (Lumemo = Researchers field). S = site effects, V= varieties, (S x V) = Site and

varieties interactions.

variety which performed poorly with grain yield of 2.83
and 1.83 t/ha at Kibaoni farmer managed field and at
ARI-KATRIN researcher managed field, respectively
(Table 5). The interactions in grain yields per unit area
were observed to be significant at both lowland and
upland rainfed ecosystems, between sites and rice
varieties, respectively (Tables 4 and 5).

Yield components

The yield components such as harvest index, number of
panicles per unit area, number of spikelets per panicle,
fertile spikelets per panicle, fertility percentage ratio and
1000 grain weight varied on genotypes and the sites
(Tables 4 and 5).

The harvest index (HI) in the lowland rainfed rice
ecosystem, at Michenga farmer managed site were
significantly higher than the harvest index at Lumemo
reasearcher managed site. At Michenga farmer managed
site, TXD 306 and Tai produced the highest harvest index
ratio than all other varieties used with ratio of 0.6,
followed by Komboka, and Supa India with ratio of 0.4
produced the lowest harvest index (Table 4). At Lumemo
researcher managed site, TXD 306 had a significantly
higher harvest index than Supa India but was not
significantly different from Tai and Komboka (Table 4).

In upland rainfed ecosystem, the havest index at ARI-
KATRIN researcher managed site were significantly
higher than those at Kibaoni farmer managed site (Table
5). At both sites NERICA4 had a significantly higher
harvest index ratio (HI), followed by NERICA2 and
NERICA1 which were not statistically significant different

in harvest index, and the local check variety WahiPesa
indicated  significantly lower harvest index at ARI-
KATRIN and Kibaoni sites, respectively (Table 5). The
interactions in harvest index ratio were observed to be
significant at both lowland and wupland rainfed
ecosystems between sites and rice varieties (Tables 4
and 5).

The number of panicles per unit area in the lowland

ecosystem was significantly different between Michenga
farmer managed site and Lumemo researcher managed
site (Table 4). At Michenga panicles per unit area were
not statistically significant different though Komboka and
Tai produced relatively higher panicles per unit area
followed by TXD 306 and lastly Supa India. At Lumemo
site Komboka, TXD 306 and Tai were not significantly
different from each other in the number of panicles per
unit area, but significantly had higher number of panicles
per unit area than Supa India variety (Table 4).
In the upland rainfed ecosystem, the number of panicles
per unit area was not significantly different between
Kibaoni farmer managed site and ARI-KATRIN
researcher managed site. All rice varieties used were
statistically similar in the number of panicles per unit area
at each site except for NERICA 4 and WahiPesa at
Kibaoni which differed significantly (Table 5). The
interactions in the number of panicles per unit area were
observed to be significant at both lowland and upland
rainfed ecosystems between sites and rice varieties
(Tables 4 and 5).

The number of spikelets per panicle in the lowland
rainfed rice ecosystem was not significantly different
between Michenga and Lumemo sites and among
varieties (Table 4). In the upland rainfed rice ecosystem,
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Table 5. Grain yield and yield components of four selected rice cultivars grown in rainfed upland ecosystem under farmer and
researcher field conditions.

Grain Harves  Total# . # Fertile . .
Site (S) Varieties (V) yield tindex  Panicle # Sp_'kelit Spikelet Ferotlllty 1000grain
(t ha') (HI) m2 panicle panicle™ (%) weight (g)
NERICAL 4.35% 0.21° 164 127" 88" 70.04% 30.77°
Kibaoni NERICA2 3.92’; 0.19% 173% 114° 78° 69.17% 29.74%
NERICA4 5.39 0.27d° 1982 129 94" 72.85% 29.442
WahiPesa 2.45° 0.16' 114° 108° 72° 67.12% 30.05%
NERICAL 4.00° 0.42 170% 141%° 88" 61.23% 28.40°
ARLKATRIN  NERICA2 3.73° 0.46%° 151% 164% 102 62.02% 24.46™
NERICA4 4.75% 0.53? 170% 1732 1132 65.85° 24.85°
WahiPesa 1.83° 0.35% 114° 137%° 74° 54.76% 22.16°
ANOVA v * * * * * NS *
S NS * NS * * NS *
S X V * * * * * NS *

*Indicate Significant at 5% level by ANOVA. NS indicate not Significant. Values followed by the same letter in a column within each treatment
are not significantly different at P<0.05. Kibaoni =Farmer field; ARI-KATRIN = Researcher field; S = site effects; V= varieties; (S x V) = Site

and varieties interactions.

there was a significantly higher number of spikelets per
panicle at ARI-KATRIN site ranging between 137 and
141 than at Kibaoni site with number of spikelets per
panicle ranging between 108 and 129. There was no
statistically significant difference among the varieties in
the number of spikelets per panicle at Kibaoni and ARI-
KATRIN (Table 5). The interactions in the number of
spikeletes per panicle were significant in the upland
rainfed ecosystem between sites and rice varieties (Table
5).

The fertile spikelets per panicle in the lowland rainfed
ecosystem were not statistically different between
Michenga farmer managed and Lumemo researcher
managed sites (Table 4). However, there was a
significant difference among rice varieties in the number
of fertile spikelets per panicle at Michenga and Lumemo
sites (Table 4).

In the upland rainfed rice ecosystem the number of
fertile spikelets per panicle were significantly different
between Kibaoni farmer managed and ARI-KATRIN
researcher managed sites. At Kibaoni there were no
significant differences in the number of fertile spikelets
per panicle. While at ARI-KATRIN highly significant
differences in the number of fertile spikelets per panicle
was observed among the rice varieties (Table 5).
NERICA4 had significantly higher number of fertile
spikelets per panicle than all other upland rice varieties
used, followed by NERICA2 and NERICA1l, while
WahiPesa was the least (Table 5). The interactions in the
number fertile spikelets per panicle were observed to be
significant at both lowland and wupland rainfed
ecosystems, between sites and rice varieties (Tables 4
and 5).

In the lowland rainfed ecosystem, the fertility percentage
ratio was not significantly different between Michenga
farmer managed site and Lumemo researcher managed
site (Table 4). However, there were significant differences
in fertility percentage ratio among the rice varieties at
Michenga farmer managed site and Lumemo researcher
managed site (Table 4). At both sites the local check
Supa India indicated significantly lower fertility
percentage ratio (Table 4). In the upland rainfed
ecosystem, the fertility percentage ratio among improved
rice varieties was not significantly different between
Kibaoni farmers managed site and ARI-KATRIN
researchers managed site (Table 5). The interactions in
the fertility percentage ratio between sites and rice
varieties were observed to be significant at both lowland
and upland rainfed ecosystems (Tabls 4 and 5).

In the lowland rainfed ecosystem, 1000 grain weight
was not significant different between Michenga farmers
managed site and Lumemo researcher managed site
(Table 4). There were varietal significant differences at
both Michenga and Lumemo sites respectively (Table 4).
TXD 306 variety had significantly the heaviest 1000
grains weights 33.8 and 33.3 g at Michenga and Lumemo
sites, respectively. The local check Supa India variety
indicated the lightest 1000 grain weight at both sites
(Table 4).

In the upland rainfed ecosystem; a 1000 grain weights
was significantly heavier at Kibaoni farmer managed site
than at ARI-KATRIN researcher managed site (Table 5).
At kibaoni, there was no significant differences between
the rice varieties tested, while at ARI-KATRIN, NERICA1
had significantly heavy 1000 grain weight (28.4 g) than all
other rice varieties, followed by NERICA4 (24.9 g),



Table 6. Correlation coefficients between yield components and yield in selected lowland rice

different sites.
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and upland rice varieties at

Parameter LUMEMO MICHENGA ARI-KATRIN KIBAONI
Grain yields (t/ha)  Grain yields (t/ha) Grain yields (t/ha) Grain yields (t/ha)

Grain yields(t/ha) 1 1 1 1

1000 grain weight 0.58* 0.51* 0.64* -0.27

% grain filled ratio 0.55* 0.91* 0.98** 0.98**
fertile spk/panicle 0.97* 1.00** 0.88** 0.95**
spikelet/panicle 0.91** 0.85** 0.74** 0.92**
Panicles/m’ 0.91* 0.52* 0.97* 0.96*

**Significant at P<0.01, *significant at P<0.05.

NERICA2 (24.5 g) and WahiPesa had the lowest 1000
grain weight (22.2 g) (Table 5). The interactions in a
1000 grain weight between sites and rice varieties were
significant at the upland rainfed ecosystems (Table 5).

Correlation between yield and yield components of
selected rice varieties

A highly positive correlation between yield components
and grain yields of selected lowland and upland rainfed
rice varieties was observed (Table 6), and the correlation
varied significantly with sites location and the vyield
components. In the lowland rainfed rice ecosystem; the
grain yields at Lumemo researcher managed site was
highly correlated with the fertile spikelets per panicle,
number of spikelet per panicle, and number of panicles
per unit area. However, 1000grain weight and grain filled
ratio percentage contributed less to the final vyield
differences between the rice varieties (Table 6). At
Michenga farmer managed site, the yield correlated well
with the fertile spikelets per panicle, the percentage grain
filled ratio, and the number of spikelet per panicle (Table
6). While the number of panicles per unit area and a 1000
grain weights contributed less to the final vyield
differences among the rice varieties.

In the upland rainfed rice ecosystem, yield at ARI-
KATRIN researcher managed site was highly correlated
with the percentage grain fertility ratio, number of
panicles per unit area, fertile spikelets per panicle and
number of spikelet per panicle (Table 6), but a 1000 grain
weight contributed less to the final yield differences
among the rice varieties. At Kibaoni farmer managed site,
the yield correlated well with the percentage grain filled
ratio, number of panicles per unit area, fertile spikelets
per panicle and number of spikelet per panicle (Table 6),
but was negatively correlated to the 1000 grain weight
(Table 6).

Yield gap analysis after implementation of selected
GAPs in farmers’ fields

Yield gap is defined as the difference between maximum

attainable yield and actual yield obtained by farmers.
Maximum attainable yield refers to the highest yield that
could be reached by a crop in a given environment. In the
present study analyses of average yield obtained under
farmers’ field management in comparison to the previous
reported yield potentials by research institution and
farmers’ realised yields (Table 7), which showed that, the
yield gap particularly in the lowland rainfed rice
ecosystem was reduced and in the upland the analysis
showed a closed or excess yield were obtained.

In the lowland rainfed ecosystem the local check Supa
India variety produced significantly higher grain yields
under farmer field management in excess about 0.38 t/ha
from the previous researchers yield potentials reported in
ARI-KATRIN and Cholima Agro-Scientific Research
Centers (2013), while the varieties Komboka, Tai and
TXD 306 indicated reduction in the yield gap from
between 2.2 and 2.8 t/ha previously reported gap from
0.2 to 0.9 t/ha in the present study (Table 7). While in the
upland rainfed ecosystem, the gap analysis indicated that
after application of the selected good agronomic
practices the yields was significantly higher in farmers’
field. The local check WahiPesa variety produced an
excess yield of about 1.65 t/ha from the initial farmers
yield reported. All NERICA varieties produced excess
yield of between 0.09 and 0.55 t/ha. Implying that the
negative gap value meant the yield produced at farmers
field were in excess of the potential yields reported by
researchers (Table 1), for all the rice varieties investigated
in the study (Table 7).

DISCUSSION
Agronomic traits perfomance

In general, the agronomic performance of improved rice
varieties both in lowland and upland ecosystem was
earlier in terms of 50% flowering and 90% physical
maturity than the local check traditional varieties selected
by farmers. These finding were in line with those of Heuer
et al. (2003), who found better agronomic performance of
Oryza sativa (IR 64) x Oryza glaberrima (TOG5681)
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Table 7. Yield gap analysis between potential yield and farmers realised yieldafter using of selected GAPs for the yield

performance study in Ifakara.

Average initial Average Previous Present Present

Varieties analysed yield potential Initial farmer yield gap Farmer yield yield gap

(t/ha) yield (t/ha) t/ha (%) (t/ha) (t/ha)
Supa India 25 1.0 1.5 (60.0) 2.88 -0.38
Komboka 5.8 3.5 2.3(39.7) 5.26 0.54 (9.3)
Tai 6.2 4.0 2.2 (35.5) 6.00 0.20 (3.2)
TXD 306 7.8 5.0 2.8 (35.9) 6.86 0.94 (12.1)
NERICA1 3.8 2.8 1.0 (26.3) 4.35 -0.55
NERICA2 3.5 25 1.0 (28.6) 3.92 -0.42
NERICA4 5.3 4.0 1.3 (24.5) 5.39 -0.09
WahiPesa XX- 0.8 XX 2.45 -1.65

Highlighted number in brackets are percentage (%) yield gap, and the highlighted negative value is the excess yields in t/ha,
referring that the yield gap was closed and excess yield was obtained.

interspecific progenies within Back cross one (BC1) and
Back cross two (BC2) populations compared to their O.
sativa parent in irrigated lowland conditions in the Sahel.
However, the upland rice varieties tested in the present
study were the earliest in flowering and maturing,
therefore are suitable for areas with short growing
seasons due to short growth duration compared to the
lowland rice varieties investigated by the present study.

Yield and yield components traits

The higher performance in total biomass vyield of
improved rice varieties (Figure 3A and 3B) in the present
study were associated with higher productivity of selected
rice varieties, the varieties with the highest accumulated
shoot dry weight had the highest grain yields (Tables 4
and 5). Similar findings were reported by Yun et al
(1997), that the superior yield of Japonica indica hybrids
was associated with the higher capability of reserve
formation under the upland condition. Higher total
biomass accumulation characteristics in all improved rice
varieties investigated in this study were also in line with
the results by Katsura et al. (2007), who reported rice
yield mainly depends on ability of dry matter production of
the variety. Thus low number of tillers was responsible for
the reduction in total biomass yield of farmers selected
varieties Supa India and WahiPesa varieties under
lowland and upland rainfed ecosystem.

In the present study, the grain yield of improved
lowland and wupland rainfed rice Vvarieties were
significantly higher than the local check varieties both at
farmers and researchers’ fields (Tables 4 and 5). Higher
yielding varieties are responsive to fertilizer application, in
the present study use of 80 kgN/ha of nitrogen fertilizer
applied at the effective tillering stage, increased the
yields in farmers’ field condition relatively the same as
that of researcher managed fields. These findings were in

partial agreement with those of Meertens et al. (2003)
and Fageria et al. (2006) who reported that use of
fertilizer application in fields increased the grain yield of
rainfed rice ecosystem. Moreover, broadcasting seeds as
the traditionally ways of sowing seeds used by most
farmers in rainfed rice ecosystem has been reported to
give low plant population and as a misuses of land
resources, which leads to low vyields (GRiSP, 2013).
Therefore, sowing seeds or planting in spacing of 20 cm
x 20 cm used in the present study for all rice varieties
investigated increased tremendously the yields of farmers
field relatively same as that obtained by the researcher
fields, making the production in farmers fields attain the
yield potentials established by research institution. These
results were in partial agreement to those reported by
Zaman et al. (2013) who found that the yields of spacing
of 30 x 15 cm was higher compared to the grain yield in
spacing 30 x 20 cm which had lower plant population per
unit area.

The rice performance in both lowland and upland
rainfed ecosystems investigated in terms of grain yields
and yields components was found to vary considerably
with rice genotypes and sites. Yoshida et al. (2006) and
Matsunami et al. (2009) reported positive correlations
between grain yields and number of spikelets per panicle
when evaluating the high yielding varieties in lowland and
upland ecosystem. These results are in partial agreement
with the findings of the present study, whereby the high
yields of improved and local check varieties were highly
correlated with the number of spikelet per panicle.
Moreover, the number of harvestable tillers is as good as
the number of panicles per plant and according to Zou et
al. (1991) tillering capacity of varieties is one of the most
important characters determining yield potentials. These
findings are in partial agreement to the present findings in
which the number of panicles per unit area was
proportional to the number of effective tillers per plant.
Thus, the number of panicles per plant was among the



yield parameters responsible in determining yields of the
selected rainfed rice varieties in both upland and lowland
rainfed rice ecosystem (r = 0.96** and 0.97**) in the
upland rice at Kibaoni and ARI-KATRIN respectively, and
in the lowland rice (r = 0.52* and 0.91**) at Michenga and
Lumemo sites.

Yield gap narrowing or bridging

Understanding the small-scale farm production constraints
is essential in designing intervention plans and targeting
to boost smallholder farm yield output (Arias et al., 2013).
As specific constraints dictate the productivity and yield
potential of different regions, region-specific management
changes and interventions are required to close the
observed yield gap (Mueller et al., 2012). The yield
performance analysis of selected rice varieties under
lowland and upland ecosystem in the present study
showed that after application of the provided good
agronomic practices (GAPs) such as improved rice
varieties, spacing of 20 cm x 20 cm, sowing seeds in line
(or in rows), two weeding times, and 80 kgN/ha urea
fertilizer application bridged the yield gaps for some of
the rice varieties investigated and reduced in others. The
farmers yield increased significantly in both lowland and
upland rainfed rice ecosystems relatively same as that of
the researchers (Tables 4 and 5). Thus, good field crop
management is an important key in rice production and
was responsible in bridging the yield gaps between
farmers and researchers yields. These observations are
in line with those reported by Affholders et al. (2016) who
analysed the yield gaps of various crops and found that
the share of yield variation due to crop management was
greater or equal to the share of yield variation due to the
main climatic drivers of crop production, and that
variation in soil fertility, weed infestation and agronomic
management were factors that explains the yield gaps.

In the lowland rainfed ecosystem application of GAPs
increased the yield and narrowed the yield gaps previous
reported. For example, the yield gap in TXD 306 variety
the gap dropped from 35.9 to 12.1% vyield gap remained
between farmers’ realised yields and the researcher yield
potentials. It is therefore that 23.8% gap reduction
realized yields in the study. Komboka variety indicated
about 30.4% gap reduction, and narrowed the previously
yield gap reported from 39.7 to 9.3% vyield gap. Tai
variety had the highest percent of reduction in yield gap
from 35.5% vyield gap previously reported in previous
study to 3.2% vyield gap remained in this study. This is
about 32.3% reduction in the yield gap from the previous
one. However, the local check variety Supa India in this
study produced higher vyield than the potential yield
reported, and therefore the application of good agronomic
practices used found to bridge the gap existed between
farmers and researchers yields and gave excess yield
0f0.38 t/ha (Table 7).
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The vyield gaps of 24.5 to 28.6% previously reported
between farmers realized yield and researchers yield
potentials in the upland rainfed rice ecosystem was found
to drop to zero and excess yield were observed in all
improved NERICA rice. The local check WahiPesa rice
variety also produced excess vyield about 1.7 t/ha
comparing to the reported yields under farmers (Table 7).

Conclusion

The study revealed that the yield performance of lowland
rainfed rice varieties was higher than that of the upland
rainfed rice varieties at farmers and researcher managed
fields. The performance of all improved lowland and
upland rice varieties at farmers and researchers
managed sites were significantly higher compared to the
local check varieties (Supa India and WahiPesa) selected
by farmers.

The GAPs applied in the study narrowed the yield gap
from 35.5 to 60% in lowland rainfed rice from 3.2 to
12.1% , while in the lowland local check variety Supa
India was closed and excess yield of about 15.2% was
realized. The GAPs in the upland rainfed rice ecosystem
bridged or closed the yield gap and excess yield in all the
improved upland varieties was obtained, while the local
check WahiPesa vyielded 1.7 t/ha in excess of the
previous reported yields was obtained.

Thus, it was recommended that, provisioning farmers
with GAPs such as improved rice varieties, plant spacing
of 20 cm x 20 cm, early weeding and recommended
fertilizer  application accompanied with  farmers
supervision in field management, enhanced the high
productivity and narrowed the vyield gap that existed
between farmers realised yields and researchers’ yields
potentials in rainfed rice ecosystems in Ifakara.
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