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ABSTRACT

This research was conducted on a farm of Payam-e-Noor University in Piranshahr, in West Azerbaijan province of
Iran, during 2014-2015 and 2015-2016 crop sessions to investigate the wheat physiological traits response to standard
and ecological agricultural systems. The experiment was conducted as a split-plot design with two factors and three
replications. The first factor, which was considered the main plot, included high, low-input, and ecological agricultural
systems. Subplots were seed pre-treatment, including control (without priming), hydro priming, and food priming
with ascorbate. The results showed that the least photosynthesis rate and mesophilic conductance were related to low-
input agricultural system; however, in the ecological system, the transpiration, substomatal carbon dioxide, and water
use efficiency of photosynthesis were the lowest. Also, seed priming increased the photosynthesis rate, mesophilic
conductivity, and water use efficiency of photosynthesis.
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Respuesta de los rasgos fisioldgicos del trigo en sistemas agricolas estandar y ecologico

RESUMEN

Este estudio se realizo en la granja de pruebas de la Universidad de Payam-e-Noor, en la ciudad de Piranshahr,
provincia de West Azerbaijan, Iran en la cosecha de los afios 2014-2015 y 2015-2016, para analizar la respuesta de
las caracteristicas morfofisiologicas del trigo en sistemas de agricultura comin y de agricultura ecologica. La fase
experimental se disefi0 en una area dividida, con dos factores y tres réplicas. El primer factor, que se considerd como el
del lote principal, se dividio en los niveles de alta, baja contribucion y sistemas de agricultura ecoldgica. Los sublotes
fueron sembrados antes de los tratamientos que incluyen control (sin preparacion), preparacion hidraulica y preparacion
de nutrientes con ascorbato. Los resultados muestran que el menor indice de fotosintesis y de conductividad mesofila
estaba relacionado con los sistemas agricolas de baja aportacion. Sin embargo, la transpiracion, el dioxido de carbono
subestomatico y el uso eficiente del agua durante la fotosintesis en el sistema ecologico fueron los mas bajos. Ademas,
la preparacion de la siembra incremento el indice de fotosintesis, la conductividad mesodfila y el uso eficiente del agua
durante la fotosintesis.

Palabras clave: Sistema agricola; trigo; fotosintesis;
cosechas
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Introduction

Agricultural operations are based on the traditional knowledge and
experience of human beings. An appropriate solution to increase agricultural
products is to increase yields per unit area. Now, in addition to increasing
production, stability is also essential. Therefore, various farming systems and
their production potential should be investigated and revised (Fateh, 2001).
Fateh et al. (2013) explained that the biggest challenge in the next 50 years
is to double food in ways that do not harm the environment and consumer
health. Also, studies on agricultural systems are essential for understanding
the developing factors and limiting factors. Today, the global approach is
towards ecological agriculture, which is a sustainable agricultural branch.
This farming system tries to avoid chemical origin supplies (Choghmaqi
& Moradi, 2007). The conventional agricultural system in the use and
management of resources has not achieved acceptable success because
pesticides and fertilizers have led to the emergence of unsustainable farming
ecosystems, environmental pollution, and quantitative and qualitative
reduction of the product and energy efficiency.

Lotter etal. (2003), while studying the standard agricultural and biological
systems, reported that absorption and storage of water of rainfall in plots with
the biological system are 100% higher than in the standard method, which could
improve gas exchanges and consequently performance. They also reported that
the performance of the ecological system is 38 percent higher than the standard
system. Jahan et al. (2009) reported that more nutritional elements, especially
nitrogen, increase the water requirement proportionally to the plant’s growth in
the high-input system. They also stated that moisture is more available to the
plant for transpiration in a low-input ecological agricultural system than in a
high-input system. And the plant can maintain a higher temperature difference
with ambient temperature through more transpiration. Higher soil capacity
to retain moisture in ecological agricultural systems, especially biological
systems, has been discussed in several sources (Lotter et al., 2003; Hole et al.,
2005). Meanwhile, the existence of animal manure in the ecological agricultural
system has exacerbated this issue.

Jahan et al. (2009) stated that a high-input system is superior in terms
of traits such as seed yield, number of maize, and soil respiration. In terms
of plant height, the difference between systems is not significant. The canopy
temperature in the ecological system was approximately 10% lower than the
high-input system. The differences between ecological and low-input systems
are shallow, and at the same time, they are in the middle between input and
moderate-input systems. In other words, a nearly 10% reduction in the
performance of ecological and low-input systems is compensated not only by
lower supplies in terms of costs but also for the stability of these systems in
the long term. Oehl et al. (2004) reported that the consumption of fertilizers
and energy in the biological farms decreases by 34-53 percent compared to the
common ones. In contrast, the performance decrease of the biological method
is only 20%.

What is essential in ecological systems is forming mutual effects for
increasing the efficiency of material and energy consumption, self-sufficiency
of reversibility, and sustainability over time. Economic performance in these
systems among the high ecological values is not much attended (Gosling et al.,
2006; Pimentel et al., 2005).

Materials and Methods

This research was conducted on a farm of Payam-e-Noor University,
in Piranshahr, West Azerbaijan province, during 2014-2015 and 2015-2016
crop sessions. The experiment was conducted as a split-plot design with two
factors and three replications. The first factor, which was considered the main
plot, consisted of high-input, low-input, and ecological agricultural systems.
Subplots were seed pre-treatment, including control (without priming),
hydro priming (seeding in distilled water for 8 hours), and food priming with
ascorbate (100 ppm ascorbic acid solution for 8 hours) (Harris et al., 2004). The
wheat used is Azar 2 certified, which a semi-water cultivar was prepared from
Oshnavieh Gold Cluster Company.

All crop operations, including plowing, pest, and weed control, were
applied as registered in Table 1. The traits related to gas exchange, including
photosynthesis, transpiration, sub-stomatal carbon dioxide, and mesophilic

Table 1. Consumption of supplies and crop operations in different

agricultural systems

Agricultural System
Input consumed ecological low-input high-input
Plowing times - - 1
Cultivator times - 1 1
E:“ﬂizer(N'P'K) K& | biofertilizer | 200-150-50 | 400-200-150
Manure (ton/ha) 25 - -
Chemical struggle
with pests and - 1 2
diseases(times)
Weed combat (times) By hand 1 2

conduction, the activity of antioxidant enzymes, leaf chlorophyll content,
ion leakage percentage, the relative water content of leaves, and protein
content of the seed, were measured. The infrared gas analyzer (IRGA) model
LCA4, manufactured by ADC Company of England, was used to measure
photosynthesis per unit area of a leaf (umol CO, m’s™), transpiration
rate (mmol m?s'), and CO, sub-stomata concentration (umol mol™).
All measurements were carried out at 10 to 12 hours in the light intensity
of 1200-1400 micromoles photon per square meter per second. Before
the measurement began, the device was turned on for 20 minutes. In each
treatment, the middle part of the leaf under the flag of the main stem was
placed in the glass chamber in eight stages, from flowering to the hard seed;
and after one minute, the device data was recorded. Water use efficiency
of photosynthesis (umol CO, mol"') was also determined by dividing the
photosynthesis rate per unit area of the leaf to transpiration (Siosemardeh et
al., 2014).

Results and discussion

The variance analysis results showed that the effect of year on
photosynthesis was significant at 5% level, and the impact of agricultural
system and seed priming system was significant at 1% level (Table 2). As
shown in Figure 1, the photosynthesis rate in the first year was approximately
12 umol CO, S, while in the second year, it decreased to 6.10. It should
be noted that the precipitation in the second year was lower than in the first
year. Also, comparing the agricultural system’s average interactions showed
no significant difference between the high-input and ecological agricultural
systems regarding the photosynthesis of the wheat plant’s flag leaf. In contrast,
the lowest photosynthesis rate was associated with the low-input agricultural
system (Fig. 2). The highest photosynthesis rate in the treatments was related
to seed treatment with ascorbic acid. However, there was no statistically
significant difference with hydro priming treatment, but there was a substantial
difference with the control (Fig. 3).

This study’s results are consistent with Fateh et al. (2013) on the positive
effects of ascorbic acid priming on photosynthesis. Plants from primed seeds
have expanded their root system compared to plants from untreated seeds
during a shorter time. They reach the autotrophic stage with the better absorption
of water and food and the production of photosynthetic green sectors. The
realization of biological and ecological conditions gives a particular position to
plants primed with seeds. These conditions allow the plant to use environmental
elements, such as water and light, more appropriately. These cases’ results can
eventually lead to an increase in the photosynthetic rate and area in these plants.

Consequently, carbon dioxide stabilization and, naturally, the production
of assimilates and the storage of non-structural hydrocarbons in different parts
of the plant have increased. And as a result, higher biomass will be produced
(Duman, 2006). The main effects of seed priming include seed germination,
initial seedling establishment, increasing grain yield and biomass through
increased photosynthesis due to faster plant establishment (Farooq et al., 2006;
Harris et al., 2001; Duman, 2006).
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Table 2. Analysis of variance of studied traits (AS=Agricultural system. P=priming, Y=Year)
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Mean of square Degree of freedom (df)
Grain yield Wate'r use Mesophyll sub stomata CO transpiration photosynthesis Source of change
efficiency conductance 2
115/0 023/0 173/13 407/1625 018/0 336/0 Replication
003/2 037/0 71/204* 074/1968 592/2* 58227 Y
543/0 014/0 796/0 630/135 119/0 286/0 Main error
645/5%* 929/2™ 778/99™ 352/5756™ 343/4™ 838/15™ AS
812/0%* 021/0 992/3 574/668 069/0 247/0 P
562/0%* 465/0™ 386/14* 963/48 197/0 423/2™ Yx AS
015/0 041/0 930/2 963/44 037/0 286/0 P xY
062/0 085/0 506/5 713/599 050/0 261/0 ASxP
020/0 036/0 429/1 602/99 059/0 132/0 YxPx AS
052/0 053/0 327/4 060/875 131/0 227/0 Total error
Coefficient of
03/4 74/8 07/8 70/6 28/8 21/4 variation (C.V %)

* And ** There is a significant difference between them at the probability level of 5% and 1%, respectively.

Figure 1. Comparison of the average effect of year: y1 (first year),
y2 (second year) on the amount of photosynthesis of wheat.

Figure 2. Comparison of the average effect of agronomic system:
sl (high-input), s2 (low-input) and s3 (ecological) on the amount of photosynthesis
of wheat.

Figure 3. Comparison of the average effect of seed pre-treatment: p1 (control), p2
(hydro priming) and p3 (ascorbic acid) on the photosynthesis of wheat.

Effect of year and agricultural system on transpiration rate was significant
at 5% and 1% respectively (Table 2). As shown in Figure 4, the photosynthesis
and transpiration rates were also higher in the first year than in the second year
and, in the second year, the transpiration rate decreased by about 10% compared
to the first year. However, unlike photosynthesis, transpiration rate was the
lowest in ecological agricultural system (Fig. 5). The main factor in reducing
the photosynthesis and transpiration rates under stress conditions is due to this
strategy that, the plant uses the limited amount of water that it has to avoid
drought and, it tries to close its stomata to prevent the water loss. With the onset
of the dry period, the plant maintains its transpiration at maximum level for
a while but, with the continuation of the dry period, it tries to narrow its stomata
and eventually close those (Moradi et al., 2005).

Figure 4. Comparison of the average effect of year, y1 (first year), y2 (second year)
on the amount of transpiration rate of wheat.

Figure 5. Comparison of the average effect of agronomic system: s1 (high-input),
s2 (low-input) and s3 (ecological) on the amount of transpiration rate of wheat.
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The effect of high-input, low-input and ecological systems at the level of
1% on the sub-stomatal carbon dioxide was significant (Table 2). The results
showed that, under ecological conditions, the carbon dioxide content in the
sub-stomatal cavity is less than that of the high-input system. Application of
chemical fertilizers and chemical pesticides seems to cause stress in the plant
and has increased carbon dioxide levels in the sub-stomatal cavity in the high-
input system (Fig. 6). Fateh et al. (2011) reported that the sub-stomatal CO,
concentration under stress conditions was about 13% higher than the control
condition. Under stress conditions, CO, injected into leaves is not well used
in photosynthesis. This suggests that any kind of stress action on the plant, in
addition to closing the stomata and preventing the entry of CO,, also prevents
the leaves from being processed by CO, through the internal mechanism
(Siosemarde et al., 2003). The reason for this is the effect of metabolic
factors during stress on the reduction of carboxylation and the efficiency of
carbon dioxide emissions into chloroplast and mesophilic cells. Under these
conditions, it seems that non-stomatal limiting factors play an important role in
reducing photosynthesis in drought stress. (Nazemosadat & Kazemini, 2008;
Siosemarde et al., 2003).

Figure 6. Comparison of the average effect of agronomic system: s1 (high-input),
s2 (low-input) and s3 (ecological) on sub-stomatal conductance rate of wheat.

Effects of crop year and system mesophilic conductivity was significant
at 1% level and seed priming effect at 5% level on (Table 2). As with the
photosynthesis and transpiration rates, mesophilic conductivity was reduced in
the second year. The decrease in mesophilic conductivity in the second year
was about 14% compared to the first year, which was slightly higher than the
decrease in transpiration (Fig. 7).

Figure 7. Comparison of the average effect of year: y1 (first year), y2 (second year)
on the mesophilic conductance of wheat.

Figure 8. Comparison of the average effect of agronomic system: s1 (high-input),
s2 (low-input) and s3 (ecological) on mesophilic conductance rate of wheat

Also, the mesophilic conductivity in the ecological agricultural system
was higher than the low-input system however, there was no statistically
significant difference with the high-input system (Fig. 8). In a study on durum
wheat, in severe drought stress treatments, an increase in the concentration
of sub-stomatal CO, was associated with a significant decrease in mesophilic
conduction and thus reduction of photosynthetic capacity of chloroplast. In
this case carbon dioxide injected into the leaves has not been properly used
in the photosynthesis process (Nazemosadat, & Kazemini, 2008). In addition,
with the mean comparison between priming treatments in this study it was
found that, as with other traits studied so far, applying seed food priming with
ascorbic acid or vitamin C has led to increased mesophilic conductivity in
wheat plants due to faster growth and better growth and more efficient use of
resources than control treatments (Fig. 9).

Figure 9. Comparison of the average effect of seed pre-treatment: p1 (control),
p2 (hydro priming) and p3 (ascorbic acid) on mesophilic conductance of wheat

The effect of agricultural system and also seed priming on the
photosynthetic water use efficiency was significant at the level of 1%.
Comparison of mean of treatments showed that in ecological agricultural
system, photosynthetic water use efficiency was higher in comparison with
low-input and high-input systems and, this difference is significant. The
photosynthetic water use efficiency in the ecological system was 2.79 mmol/
mol/sec which was reduced by 12 and 7 percent, respectively, in high-input
and low-input systems (Fig. 10). It was also determined that photosynthetic
water use efficiency was higher in priming treatments (Fig. 11). Jahan et al.
(2009) stated in their research that in general, in low-input and ecological
agricultural systems, moisture available to the plant was higher than the high-
input system for transpiration and the plant has been able to maintain a higher
temperature difference with more transpiration. Several sources have referred
to the greater soil capacity to maintain moisture in ecological agricultural
systems, especially biological systems (Hole et al., 2005; Lotter et al., 2003),
while the existence of animal manure in the ecological agricultural system has
exacerbated this issue.

Figure 10. Comparison of the average effect of agronomic system: s1 (high-
input), s2 (low-input) and s3 (ecological) on water use efficiency of photosynthesis
of wheat.
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Figure 11. Comparison of the average effect of seed pre-treatment: p1 (control),
p2 (hydro priming) and p3 (ascorbic acid) on water use efficiency of photosynthesis
of wheat.

The interaction between the crop year and the agricultural system and
also the effect of seed pre-treatment on wheat grain yield was significant at the
level of 1% (Table 2). Comparison of the average of treatments using Duncan
test at 5% probability level showed that in both the first and second year, the
grain yield in the high-input system was higher than the other treatments.
However, there was no significant difference between the low-input and
ecological agricultural systems in both years (Fig. 12). The results also showed
that seed priming with ascorbic acid in comparison with control increased the
grain yield, and this increase was statistically significant (Fig. 13).

Figure 12. Comparison of the interaction effect of year: y1 (first year),
y2 (second year) and agronomic system, s1 (high-input), s2 (low-input) and
s3 (ecological) on grain yield of wheat

Figure 13. Comparison of the average effect of seed pre-treatment: p1 (control), p2
(hydro priming) and p3 (ascorbic acid) on grain yield of wheat

The photosynthesis rate did not differ in ecological and high-input
farming systems. The highest photosynthesis rate and mesophilic conduction
among treatments were seed priming treatment with ascorbate and hydro
priming. Seed priming leads to accelerated germination and establishment of
the green surface, and can eventually lead to an increase in the photosynthesis
time and area (Duman, 2006). Under ecological system conditions, the
intercellular CO, concentration (Ci) was less than that of the high-input
system conditions. It seems that the application of chemical fertilizers and
chemical pesticides caused stress in the plant and increased the intercellular
CO, concentration (Ci) in the high-input system. Under stress conditions,
CO, injected into leaves is not well used in photosynthesis. In ecological
farming system, the efficiency of photosynthetic water use was higher than
the high and low input system. It was also determined that the relative water
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content of the leaf in the high-input system relative to the ecological system
decreased by about 12%. It seems that in a low-input ecological farming
system compared to high-input system, higher moisture has been available
to the plant for transpiration and the plant could maintain higher temperature
difference through more transpiration. Higher photosynthetic water use
efficiency is due to more soil capacity to maintain moisture and also the
presence of manure in ecological farming system. However, there was no
significant difference between the two years in the low-input and ecological
farming system. Common agriculture is based on maximum production.
Agricultural sources such as water, soil and genetic diversity have been
exploited excessively and are being destroyed. The only remaining choice
is to preserve productivity of agricultural land for a long time along with
the change in consumption pattern of inputs. Maintaining the long-term
yield of agricultural land is a requirement for sustainable food production.
This sustainability can be achieved through ecological processes on farms
(Kohnaward et al., 2011). The ecological farming system, while protecting
soil fertility, increases the production of the product without relying on the
use of chemicals and achieving a stable production. Lower average yield in
the long-term ecological system is possible through rising prices for these
products. But the fact is that removal of chemicals is not enough to move
from the common agricultural toward ecological farming (Kohnaward et
al., 2011). During the transition period of the common systems to low-input
systems, problems such as nutrient deficiencies and weed and pest problems
are among the major factors affecting yield loss (Behdani et al., 2017).

Increasing yield in the common agricultural system is due to increased
consumption of foreign inputs such as fertilizer, pesticide and herbicide.
Generally, the yield of ecological system is less than the common systems
for reasons such as lack of soil nutrients, stress of weeds, pests and diseases.
Also, decreasing yields often occur during the transition period from common
agriculture to ecological agriculture by removing chemical fertilizers,
insecticides, fungicides and herbicides. Although the use of chemical fertilizers
in high-input system may lead to a significant increase in yield in the short term,
instead, the sustainability and stability of the yield of ecological systems over
time will be higher due to the lack of chemical inputs. The ecological system is,
in fact, a step towards the long-term and principled productivity of inputs and
the prevention of the degradation and erosion of funds such as water and soil
(Behdani et al., 2017).
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