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Abstract

No-tillage (NT) offers pragmatic option to address the time and edaphic conflicts in rice-wheat system. However, stand
establishment is poor in NT systems due to less seed-soil contact. In this scenario, seed priming might be useful to improve the
stand establishment, productivity and profitability in rice-wheat system. In this 2-year study, we evaluated the role of seed
priming in improving the stand establishment and productivity of wheat grown from different seed size under different tillage
systems. The experiment consisted of three seed priming treatments (unprimed seeds, hydroprimed seeds and osmoprimed
seeds), three seed size (bold, medium and small) and two tillage systems (NT and conventional tillage). In both years, seed
priming improved the stand establishment of wheat as indicated by reduction in time to start emergence, time to 50%
emergence, mean emergence time, and improvement in final emergence. In this regard, osmopriming remained better than the
hydropriming. Improvement in stand establishment due to seed priming improved the morphological and yield parameters of
wheat. Osmopriming produced a highest grain yield of 4.70 Mg ha™ against the unprimed seeds where it was 4.36 Mg ha™.
The highest net benefits were recorded with osmoprimed bold seeds; while benefit cost ratio was the highest in hydroprimed
bold seeds in both tillage systems with either seed size. Overall, bold seeds produced more vigorous stand than the medium
and small sized-seed sown crop. In conclusion, seed priming in NT and conventional tillage systems is a pragmatic option to
improve the stand establishment, productivity and profitability of wheat with either seed size. © 2018 Friends Science
Publishers
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rapid and uniform seedling emergence (Farooq et al., 2008a;

Hussain et al., 2017a). Seed priming is the controlled
hydration of seeds that triggers the enzymatic activities to

Introduction

In rice-wheat and cotton-wheat cropping systems, the

delayed maturity of the kharif crops viz. rice (Oryza sativa
L.) and cotton (Gossypium hirsutum L.) and poor residue
management practices hinders the timely sowing of the
following wheat crop (Khan, 2002; Tahir et al., 2009). In
this scenario, no tillage (NT) facilitates the timely sowing of
wheat (Hobbs and Gupta, 2002; Erenstein and Laxmi,
2008). Moreover, NT reduces the production cost (Laxmi et
al, 2007; Singh et al, 2011; Farooq and Nawaz, 2014;
Rehman et al., 2014; Nawaz et al., 2017a; Shahzad et al.,
2017), improves the soil properties (Shahzad et al., 2016a;
Nawaz et al., 2017a, b) and maintains the soil productivity
on long term basis (Lal, 1999). However, weed management
and poor stand establishment remains an issue in NT
systems due to poor seed-soil contact (Nawaz and Farooq,
2016; Nawaz et al., 2016; Shahzad et al., 2016b, c).

To improve the crop stand in NT systems, seed
priming seems to be a promising technique, which ensures

initiate the metabolic cascades within embryo through
mobilization of pre-germination reserves (Pandita ef al,
2007; Asal and Taheri, 2012). Seed priming has also been
reported to improve the performance of small-sized or
shriveled seeds in wheat (Haider ef al., 2016). Seed priming
ensures uniform and vigorous seedling emergence which
ultimately improves the crop growth (Ashraf and Foolad,
2005; Hussain et al., 2017a, b) and yield. Various studies
have reported that seed priming improved the allometric and
yield-related traits in cereals (Harris ef al., 2001; Harris,
2006; Hussain et al., 2017a).

Seed vigor is an important physiological traits which
triggers the crop emergence under diverse soil and climate
types (Fujikura et al, 1993; Farooq et al., 2008b). As the
bold-sized seeds have more food reserves due to large
embryo size (Lima et al., 2005), they are believed to have
more seed vigor than the small-sized seeds. Thus, seed vigor
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empowers the seedlings with the competitive ability to
perform better under diverse crop systems (Kaur et al.,
2005; Ahirwar, 2012). In a previous study, seed priming of
small-sized seeds improved the stand establishment and
productivity of wheat in different tillage systems (Haider et
al., 2016).

To the best of our knowledge, no study has been
carried out to evaluate the role of seed priming in improving
the stand establishment, productivity and profitability of
wheat grown from different sized seeds under NT and
conventional tillage (CT) systems. Thus, this 2-year study
was planned to evaluate the role of seed priming of various
sized seeds of wheat in improving the productivity and
profitability under different tillage systems.

Materials and Methods
Experimental Site, Soil and Climate

This 2-year field study was conducted at the Agronomic
Research Area, University of Agriculture, Faisalabad (31°N
latitude, 73°E longitude and 184.4 masl altitude) Pakistan
during 2012-2013 and 2013-2014. Soil sampling was done
from 0-20 cm depth with the help of an auger. The air dried
composite samples were passed through 2 mm sieve. The
soil analysis revealed that the soil was sandy loam with pH
8.2, electrical conductivity 0.31 dS m™, organic matter
0.81%, total nitrogen 0.06%, available phosphorous 5 ppm
and exchangeable potassium 166 ppm. The soil of the
experimental location is classified as aridisol-fine-silty from
Lyallpur soil series according to USDA classification
(USDA, 2014).

The climate of Faisalabad is semi-arid with December
and January as the coldest month and June, July as the
hottest months. The wheat crop season starts from
November and ends in May. The cumulative rainfall
received during the study period was 101.2 mm in 2012—13
and 125.9 mm in 2013-14. However, the average monthly
temperature varied from lowest of 11°C in January to the
highest of 32°C in May. The relative humidity varied from
74% in January to the 29% in May. The monthly sunshine
hours received were the lowest (5.5 h) in January and
highest in May (10.4 h).

Experimental Design, Treatments

The experiment was conducted in randomized complete
block design under split-split plot arrangement with three
replications. The net plot size was kept 6 m x 1.8 m. Two
tillage systems (NT and CT) were assigned to main plots,
three seed size treatments (bold, medium and small) were
maintained in sub-plots, and three seed priming treatments
(control, osmopriming and hydropriming) were kept in sub-
subplots.

The seeds of wheat cultivar “Punjab-2011" were
collected from the Directorate of Farms, University of
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Agriculture, Faisalabad, Pakistan. Seed grading was done
into three different sizes i.e., large, medium and small
categories with sieve grader using the USA standard testing
sieves with No. 8 (2.36 mm) and No.10 (2.00 mm) to
separate medium and small-sized seeds from the seed lot,
respectively. The seeds that were not passed through the No.
8 (2.36 mm) were graded as large sized while those unable
to pass through No. 10 were medium sized and small size
was considered for those seeds that were passed from mesh
No. 10 (2.00 mm). After grading, hydropriming and
osmopriming were done using distilled water and 1.2%
calcium chloride (CaCl,) solution, respectively. For
osmopriming, the seeds were soaked in aerated solution of
CaCl, (1.2%) for 10 h at 25+2°C. The ratio of seeds to
solution was 1:5 (w/v). After priming, the seeds were re-
dried under shade up to their original weight and stored in a
refrigerator. The unprimed seeds were used as control
treatment.

Crop Husbandry

After pre-sowing irrigation, wheat sowing was done in two
tillage systems i.e., CT and NT. In NT, the seeds were
planted directly into the stubbles without any land
preparation. For CT, the field was cultivated twice with
cultivator followed by planking. To ensure the fine tilth of
the soil, rotavator was also operated once.

The graded and primed seeds of wheat were sown on
November 24, 2012, and November 27, 2013 using seed
rate of 125 kg ha™'. Single row manual hand drill with 22.5
cm row spacing was used for sowing.

A fertilizer dose of 140-100 kg NP ha™ was applied on
the basis of soil analysis. Whole phosphorous and half dose
of nitrogen was applied as basal dose, while remaining
nitrogen was applied at tillering with first irrigation. For
weed management, manual hoeing was done to eradicate
the weeds. First irrigation was applied at 23 days after
sowing and supplementary irrigations were given according
to the crop requirement. In total, four irrigations were
applied to wheat crop throughout its growing period. Crop
was harvested manually, on April 25, and April 27, in 2013
and 2014, respectively. After harvesting the crop, the plants
were tied in small bundles and were left in the plots for sun

drying.
Observations

The observation regarding stand establishment were
recorded on the daily basis. The emerged seedlings were
counted from an area of 1 m x 1 m daily until the constant
count was achieved (Association of Official Seed Analysts,
1990). Time to start emergence was recorded as the day
first seed was emerged. The mean emergence time was
recorded as described by Ellis and Roberts (1981). Time
taken to 50% emergence was recorded as described by
Farooq et al. (2005). To measure the plant height and spike
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length with the help of measuring scale, twenty plants were
randomly selected before the crop harvest from each plot
and then average was calculated. The total number of tillers
and productive tillers were counted from a unit area (1 m
1 m) from each plot at harvest. The grains per spike were
counted from twenty randomly selected spikes and
averaged. The harvesting of each plot was done separately.
The whole plants biomass (straw + grain) from each plot
was weighed separately to determine the total biological
yield per plot, which was later converted to Mg ha™'. Each
plot was threshed separately by using mini thresher and
grain yield was recorded using the electrical balance.

Grain yield was recorded in kilograms and was later
expressed as Mg ha'. The harvest index (HI) was
calculated as the ratio of grain yield to the biological yield.
1000 grain weight was recorded from threshed grains of
each subplot after counting the 1000 seeds from seed lot of
each plot. Quality attributes of wheat i.e., grain starch and
protein contents (%) were measured using near infrared
technology (NIR). Wheat grain samples, 500 g from each
subplot, were collected and inserted in NIR, and the
reflectance value from each sample was noted (Moroi et
al.,2011).

Statistical and Economic Analyses

Benefit-cost ratio was calculated by subtracting the total
cost from the gross income of each treatment combination
(CIMMYT, 1998). The total cost, gross income and net
benefits were recorded as detailed in Farooq and Nawaz
(2014).

The data were analyzed using Statistix 9 (Analytical
software, Statistix; 9.1 Tallahassee, FL, USA, 2008)
software and the treatment means were compared with
Least Significance Difference (LSD) test at 5% probability
level (Steel at al., 1997).

Results
Stand Establishment

Tillage systems had no impact on time to start emergence
and time to 50% emergence during both years. However, the
lowest mean emergence time and highest final emergence
count was recorded with CT than the NT (Table 1). Seed
priming  significantly —improved the wheat stand
establishment. During both years, the minimum days to start
emergence, time to 50% emergence, mean emergence time,
and the highest final emergence count was recorded with
osmopriming which was statistically similar with
hydropriming for time to 50% emergence during first year,
and time to start emergence and mean emergence time
during the second year of experimentation (Table 1).
Among, seed size treatments, bold-sized seeds showed the
highest emergence count and took less time to start
emergence, to complete 50% emergence and mean
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emergence during the both years (Table 1). The interactive
effects of tillage systems, seed size and seed priming
treatments for stand establishment traits were non-
significant for both years.

Morphological and Yield Parameters

Tillage systems, seed size, and seed priming treatments had
a significant influence on plant height, number of grains per
spike, 1000 grain weight, productive tillers, straw yield,
biological yield and grain yield during both years (Table 2
and 3). However, tillage systems had no effect on straw
yield during second year and harvest index during both
years; seed size and seed priming has no effect on harvest
index during both years (Table 2 and 3).

The wheat crop under CT produced significantly
higher plant height, number of grains per spike, 1000 grain
weight, productive tillers, biological yield, straw yield and
grain yield during both years (Table 2 and 3). Among the
seed size treatments, the highest plant height, number of
grains per spike, 1000 grain weight, productive tillers,
biological yield, straw yield and grain yield was recorded
from bold seeds during both years which was statistically
similar with medium sized seeds for plant height, productive
tillers, biological yield and straw yield during first year of
experimentation (Table 2 and 3). The poor morphological
and yield parameters were recorded in small sized seeds in
both years (Table 2 and 3).

Among the seed priming treatments, osmopriming
produced the highest plant height, number of grains per
spike, 1000 grain weight, productive tillers, biological yield,
straw yield and grain yield, and that was statistically similar
with hydropriming for numbers of grains per spike during
both years, 1000 grain weight during first year and plant
height, biological yield, straw yield and grain yield during
the second year of experimentation (Table 2 and 3). The
interactive effects of tillage systems, seed size and seed
priming treatments on morphological and yield parameters
of wheat were non-significant during both the years.

Seed Quality Traits

Seed size, and seed priming treatments had a significant
influence on grain protein and grain starch contents (Table
3). However, tillage systems had no significant effect on
grain protein and grain starch contents (Table 3). Among
seed size treatments, the maximum grain protein and starch
contents were observed in the bold-sized seed followed by
medium sized seeds during both years. Among the seed
priming treatments, the highest grain protein and starch
contents were recorded with osmopriming which was
statistically similar with hydropriming during both years
(Table 3). The interactive effects of tillage systems, seed
size and seed priming were non-significant during both
years.
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Table 1: Influence of seed size and seed priming on stand establishment of wheat under different tillage systems

Treatments Days to start emergence (days)  Time to 50% emergence (days) Mean emergence time (days) Final emergence count (m?)
2012-13 2013-14 2012-13 2013-14 2012-13 2013-14 2012-13 2013-14
Tillage systems
Conventional tillage  5.40 5.45 7.53 6.94b 7.98 7.21b 353 34la
No-tillage 541 5.33 7.56 6.97a 7.95 7.26a 340 333b
LSD (p <£0.05) NS NS NS 0.03 NS 0.05 NS 6.89
Seed Size
Bold Seed 5.70a 555a 7.10a 71la 810a 7.3la 323¢ 315¢
Medium Seed 5.32b 5.38ab 7.09a 6.94b 80la 7.21b 349b 344 b
Small Seed 5.14b 5.22b 6.94b 6.92¢c 7.71b 7.10c 360a 352a
LSD (p <0.05) 0.31 0.25 0.15 0.03 0.14 0.01 9.33 5.18
Seed Priming
Unprimed seed 5.83a 5.61a 7.43a 7.8la 8.08a 794a 327¢ 305¢
Hydropriming 531b 5.33ab 7.08b 7.14ab 7.93b 7.20b 352b 346 b
Osmopriming 512c¢ 522b 6.94c 6.39b 7.89b 7.14c 370a 360 a
LSD (p <0.05) 0.22 0.19 0.14 0.85 0.04 0.01 5.28 3.45

Mean sharing the same letter for main effects, do not differ significantly (p < 0.05) by the least significant difference test; NS = Non-significant

Table 2: Influence of seed size and seed priming on morphological and yield related parameters, biological yield of wheat
under different tillage systems

Treatments Plant height (cm)  Number of grains per spike  Productive tiller (m?)  1000-grains weight (g)  Biological yield (Mg ha™)
2012-13 2013-14 2012-13 2013-14 2012-13  2013-14  2012-13 2013-14 2012-13 2013-14
Tillage systems
Conventional tillage 98 a 9%8a 495a 495a 39la 397a 404a 40.0a 134a 13.7a
No-tillage 97b 97b 48.8hb 48.1b 382h 385h 39.3b 39.4b 12.8b 12.4b
LSD (p <0.05) 1.14 2.08 0.67 1.25 6.43 3.55 0.88 043 0.25 1.26
Seed size
Bold Seed 9a 9Ya 50.7a 50.8a 393a 408 a 412a 410a 138a 143a
Medium Seed 98a 97b 49.6b 48.1b 387ab 387hb 39.8b 394b 135a 13.1b
Small Seed 95 b 95¢c 472¢c 478D 381b 376¢ 386¢ 389b 11.9b 119c¢
LSD (p <£0.05) 0.78 1.07 0.65 1.08 8.1 8.6 1.02 0.54 0.57 0.51
Seed priming
Unprimed seed 97b % b 483b 48.1b 376 ¢ 378¢ 39.1b 39.2¢ 124c¢ 126b
Hydropriming 98b 97a 493a 49.0a 389b 390 b 399a 39.7b 13.2b 13.2a
Osmopriming 9a 98a 49.8a 494 a 397a 403 a 405a 404 a 136a 135a
LSD (p <0.05) 0.79 0.63 0.57 0.51 441 7.78 0.69 0.33 0.19 0.46

Mean sharing the same letter for main effects, do not differ significantly (p < 0.05) by the least significant difference test; NS = Non-significant

Table 3: Influence of seed size and seed priming on straw yield, grain yield, harvest index and grain quality of wheat under
different tillage systems

Treatments Straw yield (Mgha®)  Grainyield (Mgha™)  Harvest index (%)  Grain starch content (%)  Grain protein content (%)
2012-13  2013-14  2012-13  2013-14  2012-13 2013-14 2012-13 2013-14 2012-13 2013-14

Tillage systems

Conventional tillage  8.64 a 8.99 467a 4.74a 35.1 34.6 64.4 64.1 10.9 115

No-tillage 8.33b 8.18 450Db 425D 35 341 63.7 63.5 10.9 114

LSD (p<0.05) 0.29 NS 0.05 0.27 NS NS NS NS NS NS

Seed Size

Bold Seed 8.93a 93la 485a 4.98a 35.2 348 65.8a 65.5a 112a 11.7a

Medium Seed 8.75a 8.68b 475b 440b 35.1 34.7 64.9b 64.9a 112a 11.7a

Small Seed 7.78Db 7.75¢ 412c¢ 4.11b 348 336 6l4c 61.0b 104b 109b

LSD (p <0.05) 0.57 0.62 0.06 0.31 NS NS 0.78 0.81 0.4 0.59

Seed Priming

Unprimed seed 7.98c¢c 8.25b 442c 430b 35.6 345 63.4b 63.4b 10.6 b 11.3b

Hydropriming 8.63b 8.62 ab 459b 453a 34.8 34.4 64.4a 63.9 ab 111a 115ab

Osmopriming 8.85a 8.87a 473a 4.66a 34.7 34.4 64.3a 64.1a 111a 116a

LSD (p <0.05) 0.18 0.62 0.09 0.19 NS NS 0.8 0.61 0.19 0.31

Mean sharing the same letter for main effects, do not differ significantly (p < 0.05) by the least significant difference test; NS = Non-significant
Economic Analysis However, the benefit cost ratio was the highest in

hydropriming in both tillage systems from all the seed sizes

The economic analysis revealed that the highest net benefits (Table 4). The variable cost was the highest in osmopriming
were recorded from osmopriming in both tillage systems than hydropriming. Among the wheat tillage systems, the
from all the seed size. variable cost was the lowest in NT system (Table 4).
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Table 4: Influence of seed size and seed priming on the economics of wheat under different tillage systems

Treatments Bold Seed Medium Seed Small Seed
Control HP OP Control HP OP Control HP OP Remarks
Grain yield 4.88 5.08 5.31 454 4.79 4.99 4.07 4.24 448 Mg ha
Adjusted grainyield ~ 4.40 457 4.78 4.09 431 4.49 3.66 381 4.03 Mg ha

o Grainyield value 1427.0 1484.2 1552.7 1328.9 1401.6 1458.4 1188.4 1239.5 1310.3 $13/40kg

& Straw yield 8.87 9.45 9.69 8.57 9.08 9.73 7.75 8.10 8.17 Mg ha?

= Adjusted straw yield  7.98 8.50 8.72 7.71 8.18 8.76 6.98 7.29 7.35 Mg ha

& Straw yield value 498.8 531.4 544.8 481.9 510.8 547.1 435.9 455.5 459.3 $2.5/40 kg

'% Gross income 1925.8 2015.6 2097.4 1810.7 1912.4 2005.5 1624.3 1695.1 1769.6 $ha'

2 Variable cost 1911 2033 260.7 1911 2033 260.7 191.1 2033 260.7  $hat

L%J Permanent cost 593.3 593.3 593.3 593.3 593.3 593.3 593.3 593.3 593.3 $hat
Total cost 784.4 796.6 854.0 784.4 796.6 854.0 784.4 796.6 854.0 $hat
Net benefits 11414 1219.0 12435 1026.4 11158 1151.5 839.9 898.5 9156  $hat
Benefit cost ratio 1.46 153 1.46 131 1.40 1.35 1.07 1.13 1.07
Grain yield 457 4.70 494 422 4.42 451 3.89 4.02 412 Mg ha
Adjusted grain yield ~ 4.11 423 4.44 3.80 397 4.06 3.50 3.62 3.71 Mg ha*
Grain yield value 1336.3 1375.9 14445 1234.6 1291.7 13185 1136.7 1175.2 1204.1 $13/40kg
Straw yield 8.25 9.21 9.28 7.90 8.49 8.58 7.37 7.48 7.76 Mg ha

@ Adjusted straw yield ~ 7.43 8.29 8.35 711 7.64 7.72 6.64 6.73 6.98 Mg ha*

= Straw yield value 464.1 518.1 522.1 4444 477.3 482.4 414.7 420.5 436.5 Rs. 2.5/40 kg

Z  Gross income 18004 18940  1966.5 1679.0  1769.0  1800.8  1551.4 15957 16406 $ha’

Z  Variable cost 128.0 139.6 2015 128.0 139.6 2015 128.0 139.6 2015  $hat
Permanent cost 593.3 593.3 593.3 593.3 593.3 593.3 593.3 593.3 593.3  $hat
Total cost 7212 732.8 794.8 7212 7328 794.8 7212 7328 7948  $hat
Net benefits 1079.2 1161.2 1171.7 957.7 1036.2 1006.0 830.2 862.9 845.8 $ha'
Benefit cost ratio 1.50 1.58 1.47 1.33 1.41 1.27 1.15 1.18 1.06 1$= 100 Pak rupees

HP = Hydropriming; OP = Osmopriming
Discussion

This study indicated that tillage systems have no impact on
time to start emergence and time taken to 50% emergence.
However, final emergence was the lowest in NT system
(Table 1). This lowest seed emergence in NT might be
attributed to low seed-soil contact due to which the seed
imbibition was inhibited in wheat seeds sown in NT. The
final emergence was the highest in CT which was due to
better seed-soil contact in well-pulverized moist soil due to
tillage operations prior to seed sowing (Hobbs and Gupta,
2002; Tripathi et al., 2005; Haider et al., 2016).

Among the seed priming treatments, osmopriming was
the most beneficial for improvement in stand establishment,
morphological and yield parameters, grain yield and grain
quality of wheat in NT and CT systems which was followed
by hydropriming. Indeed, seed priming reduces the time
period for lag phase and activates the hydrolytic enzymes
which rapidly metabolize the seed reserves (Hisashi and
Francisco, 2005; Arif et al, 2014). Moreover, better
performance of osmoprimed seeds than hydroprimed seeds
was attributed to the role of calcium in the activity of a-
amylase and metabolism of carbohydrates during the seed
germination (Farooq ef al., 2006). Some other studies have
reported that seed priming improved the stand establishment
than un-primed seeds (Ghiyasi et al., 2008; Farooq et al.,
2015; Nawaz et al., 2016). Moreover, better crop stand in
NT due to seed priming was attributed to the presence of
sufficient seed moisture in seeds which caused the radical
protrusion with less dependence on soil moisture.

Among the seed size treatments, the highest grain

yield was recorded in bold size seeds which were attributed
to increased grain weight and grain number in this
treatment. Moreover, bold sized seeds have more food
reserves thus facilitating the germination process than the
small sized seeds. Previously, Meyer and Carlson (2001)
also observed that the germination rate and seedling vigor
was increased with the increasing seed size. Indeed, stored
seed reserves (as in bold seeds) are the only source of food
unless the seedling starts to produce food through
photosynthesis (Kaya and Day, 2008). Moreover, bold seeds
develop better root systems which facilitate the uptake of
water and nutrients from deep soil layers (Guillen-Portal et
al., 2006) thus improving the crop performance. Thus, the
more food reserves and large embryo size in bold seed size
favored the seed germination and might have improved root
growth in both tillage systems. As the seed size increases,
the seed protein and starch contents also increases, and the
same was observed in this study. Some earlier studies
reported faster growth and more grain protein contents from
the plants grown from the bold-sized seeds (Choudhry and
Imtiaz, 2001; Anuradha et al., 2009).

Overall, wheat yield was the highest in CT due to
expansion of yield parameters owing to improvement in soil
structure, improved water infiltration and enhanced soil
aeration (Lio, 2006). The economic analysis revealed that
the highest net benefits were recorded from osmopriming in
both tillage systems from all the seed sizes which was
attributed to highest grain yield in this treatment. However,
the benefit cost ratio was the highest in hydropriming in
both tillage systems from all the seed sizes. Indeed, the
variable cost was the highest in osmopriming than
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hydropriming which enhanced the input cost in
osmopriming. Among the wheat tillage systems,
profitability was more in NT system which was attributed to
no cost of seedbed preparation in NT system.

Conclusion

Seed priming improved the stand establishment,
morphological/yield parameters, grain yield, grain quality
and net benefits of wheat in NT and CT systems;
osmopriming being more superior to hydropriming. Thus,
seed priming in NT and CT systems is a pragmatic option to
improve the stand establishment, productivity and
profitability of wheat with either seed size. Long-term
studies should be conducted to evaluate the role of seed size
and seed priming with different osmotica for improving the
productivity of different wheat varieties under diverse soil
and climate types.
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