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ABSTRACT

Agriculture plays an important role in the economy of Afghanistan by contributing 28% to the total
GDP and providing nearly 60% of total employment in the country. Wheat is the primary staple food
crop, covering 77.5% of total area occupied by cereal crops in the country. Total annual production
of wheat in Afghanistan was 5.37 million tonnes during 2014-15 with about 80% country’s total cereal
production, which is about 30-40% less than the demand and country is dependent on the import
of wheat. Afghanistan has the potentiality not only to become self-sufficient but also to be an
exporter of wheat. The present wheat productivity (2.02 t ha) can be increased substantially by
increasing the area under high yielding varieties. In view of above, a field experiment was conducted
at the Research Farm of Afghanistan National Agriculture Science and Technology University
(ANASTU), Kandahar during (Rabi) season of 2014-2015. Four wheat varieties including local (Sour
Khusha and Morai) and improved varieties (PBW-154 and Shisham Bagh-08) were planted to evaluate
their performance for yield, economics, and energy and water use efficiency under Kandahar conditions.
Significantly maximum days (154) to maturity were taken by both the local varieties compared to
improved varieties (136 days). Of the 4 varieties, Sour Khusha recorded highest growth and yield
attributing parameters except grains/spike, which was highest with variety PBW 154. Use of variety
PBW 154 resulted significantly more grain yield (3.55 t ha™) and harvest index (39.55%) followed by
Sour Khusha. There was an increase of 19.12 and 29.09 % in grain yield with PBW 154 over Shisham
Bagh-08 and morai varieties, respectively. The variety PBW-154 also recorded highest net return
(96867.03 AFN hal), B:C ratio (1.52), water use efficiency (10.14 kg ha™ mm™) and production
efficiency 26.18 kg ha™*) and being at par with Sour Khush, found significantly superior over shisham
Bagh-08 and Morai. Thus, the results indicated that variety PBW- 154 and Sour Khusha are suitable
for improving average productivity, monetary benefit and water use efficiency in Kandahar condition
of Afghanistan.
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INTRODUCTION

Agriculture isthe key driver of Afghanistan’s
economy and play vital role in the food and
livelihood security as nearly 60% population of the
country rely upon agriculture. It accounts for 28%
to the total GDP and share 59% employment of
overal employment in the country. Out of total
land area (65.22 million ha) of Afghanistan, nearly
6% of it isused for crop production and 2.17 million
ha is covered by irrigation. Wheat is the primary
source of food and nourishment since per capita
annua consumption is more than 170 kg in the
country. Wheat contributes nearly 77.5 and 80% to
the total area covered under cereal crops and total
cereal production of the country, respectively.
Wheat is cultivated in an area of 2.65 million ha
with a production of 5.37 million tones annually
and grown throughout the country in awide variety
of microclimatic environments ranging from arid
desert lowlands to temperate high altitude mountain
valleys. However, low average productivity of the
wheat (2.02 t hal) in Afghanistan is a major
concern and country is dependent on the import of
wheat. About 1.50 million tonnes of wheat grain
was imported during 2013-14 which costs nearly
479 million dollar 2013-14. In Kandahar, wheat
cultivation occupies an area of 66.74 thousand ha
with the production of 186.89 thousand tones and
productivity of 2.80 t hal, which is 38.61% higher
than national average productivity of wheat (MAIL,
2013), which is owing to more than 88% area
under irrigation. However, considering the
potentiality of wheat production in Kandahar,
substantial increase in average productivity can be
achieved by increasing the use of high yielding
varieties, as local varieties dominates in the area,
which have poor potentiality, while high yielding
varieties have the quality of in built genetic potential.

Three types of wheat cultivars i.e. Triticum
aestivum L., Triticum compactum L. and Triticum
durum are cultivated by the farmers in Afghanistan.
The cultivation of bread wheat (Triticum aestivum)
is common and covered maximum area, but duram
wheat is aso cultivated in small areas (MAIL,
2013). Rainfed wheat covered more than half area

(55%) of total wheat cultivation in Afghanistan,
while remaining area (45%) is irrigated. But there
are substantial annual fluctuations in area depending
on the amount and timing of the rainfall occurrence
and average yield of rainfed wheat is very low.
The highest yield (1.15 t hal) of rainfed wheat
was reported in Nangrahar province followed by
Herat (1.1 t hal). However, the average yield of
rainfed wheat in al provinces during 2013 was
0.93 t ha'l. Considering the demands and shortage
of wheat, productivity of this crop needs to be
increased to enable the country to achieve the self-
sufficiency.

Among the several factors adversely
influencing wheat productivity in Afganisthan,
cultivation of local varieties by traditional methods
are most important responsible for low yield. Yield
and quality potentia is largely determined by the
variety, but the extent to which this potential is
achieved depends upon several factors such as
seasonal weather conditions and methods of crop
cultivation. Improved varieties are known for higher
yield, but farmers give the preference to the
cultivation of local wheat varieties as these are
known for the higher baking quality. In addition,
there is uncertainty among the farmers about the
higher water use efficiency of improved varieties
compared to local varieties. In view of these facts,
the present study was undertaken to evaluate the
performance of local and improved varieties on
growth, yield, economics and quality traits under
Kandahar agro-climatic condition.

MATERIALS AND METHODS

The experiment was conducted during the
rabi season of 2014-15 at ANASTU Research
Farm, Kandahar, Afghanistan (29" and 38' N and
61" and 75 E with an dltitude of 1009 m above
mean sea level). The climate of the study area is
semi-arid to sub-tropical with extreme cold and hot
situations. July is the hottest month with the mean
temperature of 31.9 °C, whereas the mean minimum
temperature of the coldest month (January) falls
up to 5.1°C. The average annua relative humidity
and annual rainfall of the region is 38% and 190.6
mm, respectively. Soil of the experimental field was
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sandy-loam with pH 7.7, having 0.490% available
organic carbon and with low in available N, P and
K. Four varieties (PBW-154 and Shisham Bagh-
08 as improved) and (Sour Khusha and Morai as
local) were evaluated in randomized block design
with five replications. All the four varieties were
sown in rows 20 cm apart at the depth of 3- 4 cm
using the seed rate of 100 kg ha* in the last week
of December, 2014 and harvested in the 1st week
of May, 2015. The size of each plot was 12 m?
(3x4 m). A recommended dose of fertilizer 120, 60
and 40 kg N, P,O, and K,O ha* in the form of
urea, DAP and murate of potash was applied.
Half dose of N, total P and K were applied at the
time of sowing. Rest quantity of N was applied at
late tillering stage. Weed control performed
manually by two weeding, one at 21 and the other
at 52 days after sowing (DAS). Grain yield and
other agronomic data were determined by the three
center rows in each plot to avoid boarder effects.
Grain yield from each plot was recorded from net
plot area of 10 m2.

The energy inputs referred to both renewable
and non-renewable energy. Renewable energy
constituted manual, animal/bullock, kernel, grain, etc.,
whereas, non-renewable energy encompassed
chemical fertilizer (NPK), tractor, diesel, electricity,
lubricants, machinery and agro-chemicals, etc. Total
physical output referred to both the grain and by-
product yield. For estimation of energy inputs and
outputs (expressed in MJ ha?) for each item of
inputs and agronomic practices, equivalents were
utilized as suggested by Mittal and Dhawan (1998);
Baishay and Sharma (1990). Energy efficiency was
calculated using the following formula as suggested
by (Mittal and Dhawan, 1998).

Net energy (MJ ha') = Energy output (MJ ha) -
Energy input (MJ ha™)
. Energy output (MJ ha™)
Energy efficiency :Energy input (MJ ha?)

Data of related parameters were compiled
and analyzed statistically as per the standard
procedure prescribed for randomized block design
by Gomez and Gomez (1984).

The analysis of variance (ANOVA) for the
design was worked out and the significance was
known by ‘F’ test. Standard error of mean value
was computed in all cases, but critical difference
values were worked out at 5% level of significance
for planned pair comparison.

RESULTS AND DISCUSSION
Crop growth

The phenotypic characteristics of the wheat
varieties viz. days to germination, days to heading
and days to maturity differed significantly (Table 1).
Significantly minimum days to germination (10 days)
were taken by improved variety Shisham-Bagh-08,
which was at par with PBW-154 (10.80 days).
However, local variety Sour Khusha has taken
maximum days to germination (13 days). Days to
heading and maturity were significantly minimum
with both the improved varieties compared to local
varieties. Fast genetically make up quality of the
improved varieties might have led to early
germination, heading and maturity than local variety.
Bakht et al. (2007) also observed maximum days
taken to maturity by local and minimum days by
improved varieties of wheat. Plant population
recorded at maturity was not influenced significantly
due to varieties. Plant height recorded at 30, 60, 90
days and at harvest were significantly influenced
due to varieties (Table 1). Variety Sour Khusha
produced tallest plant at 30, 60, 90 and at maturity,
while Shisham Bagh 08 recorded lowest plant height
at 30 and 60 DAS and PBW-154 at 90 and at
maturity, which clearly exhibits the tall
characteristics of the local variety. The effective
tillers were significantly higher in variety Sour Khusha
(297.8 m?) over Shisham Bagh-08 and Morai but
similar to PBW-154. The differences in tillers/plant
and plant height might be due to varied genetic
constitution of cultivars and adaptability to
environment. The result is in agreement with
Magsood et al. (2000) and Tayyar (2008).

Significant difference in Leaf area index
(LAI) was observed only at 30 DAS, while variety
did not influence LAI recorded at 60 and 90 DAS.
Maximum LAI at 30 DAS was observed from
variety Sour Khusa followed by Morai and Shisham
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Table 1. Growth parameters of local and improved wheat varieties under Kandahar situation

Plant height (cm) Number of Root growth
Variet effective Root fresh
y 30 60 | 9 At o' | weightat90 | Root cry weight at 90
DAS | DAS | DAS | havest | ¥ DAS (g plant™) DAS (g plant™)
PBW-154 1112 2153 74.00 77.66 297.20 111.28 44.08
Shisham Bagh-08 1012 2140 7867 82.32 271.40 92.78 4252
Sour Khusha 1142 2434 9180 95.60 297.80 120.60 51.20
Morai 10.38 2390 89.60 93.80 259.20 127.96 47.58
SEm+ 031 064 344 3.43 7.28 334 1.19
CD (P=0.05) 095 198 1061 10.56 22.42 10.30 367

Bagh-08. However, minimum LAI at 30 DAS was
recorded with PBW-154. The variation in LAl could
be due to differences in photosynthetic efficiency
of varieties. Significantly maximum fresh root
weight (127.96 g plant™®) was recorded with variety
Morai at 90 DAS, but remained at par with Sour
Khusha. But both the improved varieties (PBW-
154 and Shisham Bagh-08) produced significantly
lower fresh root weight compared to Morai. Dry
root weight was also recorded higher with loca
varieties compared to improved varieties. Increase
in the fresh and dry root weight might be ascribed
to the different varietal characters. Crop growth
rate and dry matter accumulation differed
significantly dueto varieties a different growth stages
of the crop. Variety Sour Kusha recorded maximum
growth rate at al the crop stages, but remained at
par with variety Morai. However, minimum growth
rate was observed with variety Shisham Bagh-08
followed by PBW-154. Similarly, dry matter
accumulation recorded at 30 DAS was significantly
higher with variety Sour Khusha; however, thereafter
it was recorded maximum with variety Morai
followed by Sour Khusha. But crop growth rate
recorded at all the growth stages of both the improved
varieties (Shisham Bagh-08 and PBW-154) was
significantly lower compared to variety Sour Khusha.
This could be attributed to the efficiency of
photosynthetic activity and source to sink relationship
of the varieties (Hussain et al., 2010).

Yield attribute

Maximum number of spikes (285.6 m?) were
recorded with variety Sour Khusha, which was

significantly superior to Shisham Bagh-08 and PBW-
154 but remained at par with PBW-154 (Table 2).
Number of grains/spike were significantly
influenced by different wheat varieties. However,
variety PBW -154 produced maximum grains/spike,
being at par with Sour Khusha recorded
significantly higher over Shisham Bagh-08 and
Morai. Though 1000-grain weight and spike length
were non-significant, even then, variety Sour
Khusha showed maximum increase in spike length
and 1000 grain weight. Increase in spike length
and 1000 grain weight was recorded by 12.4 and
9.7% with variety Sour Khusha and 10.5 and
5.35%, respectively with PBW-154 over Shisham
Bagh-08. The variation in yield attributes might be
owing to genetic makeup of the varieties (Irfan et
al., 2005).

Yield

Significant differences in grain yield, straw
yield, biological yield and harvest index were
recorded with the different varieties (Table 3).
Among all the varieties, highest grain yield (3.55 t
hal) was obtained from improved variety PBW-
154, closely at par with variety Sour Khusha (3.5
t hat) and significantly superior over Shisham Bagh-
08 and Morai. The increase in the grain yield with
variety PBW-154 was registered by 1.43, 19.13
and 29.09% over Sour Khusha, Shisham Bagh-08
and Morai, respectively. Yield being a cumulative
function of various yield attributing characters, it
was recorded maximum with variety PBW-154 and
Sour Khusha. Straw yield of wheat was not
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Table 4. Economics, energy, water use efficiency and production efficiency as influenced by local and improved

wheat varieties

Total output Energy Water use Production

Gross return Net return energy Use efficiency efficiency

Variety (AFN ha®) | (AFNha') | B:Cratio | (MJha') | Efficiency | (kg/ha mm™) (kg day™)
PBW-154 160784 96867 1.52 120067 5.69 10.14 26.18
Shisham Bagh-08 142103 78479 1.23 109667 5.20 8.52 21.89
Sour Khusha 157501 93899 1.48 125753 5.96 10.01 23.04
Morai 138661 75272 1.19 117435 5.56 7.87 17.92
SEm+ 3675 3675 0.06 2683 0.13 0.31 0.70
CD (P=0.05) 11325 11325 0.18 8269 0.39 0.95 2.15

influenced significantly due to varieties. However,
highest straw yield (6.16 t ha™) was obtained from
variety Morai, which was 3.70, 16.89 and 13.44%
higher over Sour Khusha, Shisham Bagh-08 and
PBW-154, respectively. Biological yield was
significantly affected by varieties and highest
biological yield (9.44 t ha) was recorded with
variety Sour Khusha, which was at par with PBW-
154 and Morai. Minimum biological yield (8.25 t
hal) was obtained with Shisham Bagh-08.
Maximum harvest index (39.55%) recorded in
PBW-154 followed by Sour Khusha (37.16%). The
harvest index recorded with Morai and Shisham
Bagh-08 was significantly inferior to the harvest
index recorded with PBW-154. Harvest index is
the ratio of reproductive yield to total biomass,
which is a measure of in partitioning assimilated
photosynthates to harvestable products. The
maximum harvest index with variety PBW-154
might be owing to better portioning of photosynthates
from source to sink because of genetic constitution
of varieties and adoptability to environment
(Magsood et al. 2000; Behera et al. 2015).

Economics

Maximum gross return (AFN 160,784), net
return (AFN 96,867) and B:C ratio (1.52) were
fetched by variety PBW-154, which being at par
with Sour Khusha recorded significantly higher over
rest of the varieties. The variety PBW-154 fetched
23.43, 3.16 and 28.69% higher net return compared
to varieties Shisham Bagh-08, Sour Khusha and
Morai, respectively. The higher gross return, net

returns and B:C ratio were mainly owing to
production of higher grain with variety PBW-154
and Sour Khusha. Shahan et al. (2008) and Islam
(2011) also reported higher monetary benefits with
the varieties that provided higher grain yields.

Energy relations

There was significant variation in the energy
outputs and energy use efficiency among varieties.
Highest energy output (125,753 MJ hal) was
observed from Sour Khusha, where as it was lowest
(109,667 MJ hal) with Shisham Bagh-08. The
energy use efficiency data also followed the same
trend and variety Sour Khusha recorded highest
energy use efficiency (5.96) followed by PBW-
154. Lowest energy use efficiency (5.20) was
obtained from Shisham Bagh-08. Effective energy
use in agriculture is of prime importance for
sustainable agricultural production, since it provides
financial savings, fossil resources preservation and
air pollution reduction. Therefore, selection of
suitable variety can play vital role to enhance energy
use efficiency (Shahan et al., 2008).

Water use efficiency and production efficiency

Significant increase in water use efficiency
and production efficiency was observed due to
different varieties (Table 4). Maximum values of
water use efficiency 10.14 and 10.01 kg/ha/mm
were observed with variety PBW-154 and Sour
Khusha, respectively. The increase in water use
efficiency with PBW-154 was 19.01 and 28.85%
over Shisham Bagh-08 and Morai, respectively.
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Increase in water use efficiency with PBW-154
and Sour Khusha varieties was owing to significant
increase in grain yield due to better utilization of
resources. These result are in the compliance with
Behera et al. (2007) and Kaur and Behl (2010).
Among all the varieties, PBW-154 resulted in
significantly highest production efficiency, which
showed an increase of 19.6, 13.63 and 46.09%
over Shisham Bagh-08, Sour Khusha and Morai,
respectively. The higher production efficiency was
mainly due to production of higher grain yield and
the least number of days taken to maturity by
corresponding varieties.

CONCLUSION

Based on the results from the study, it could
be concluded that both the local and improved
varieties can be grown under Kandahar situation
with reasonable level of returns. But considering
the yield advantage, monetary benefit and increase
of water use efficiency, improved variety PBW-
154 and local variety Sour Khusha of wheat can
be recommended for the cultivation under agro-
ecological conditions of Kandahar, Afghanistan.
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