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Effects of fertilization on leaf photosynthetic characteristics and grain yield
in tartary buckwheat Yungqiaol
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Abstract

Tartary buckwheat (Fagopyrum tataricum Gaertn) has been praised as one of green foods for humans in the 21* century.
Effects of fertilization on leaf photosynthetic characteristics and grain yield of tartary buckwheat has not been yet reported
in detail. Our experiment was set as a split-plot factorial. The main plots and subplots were designed by fertilizer ratio and
rate as: NPK 1:1:1 (A1), NPK 1:4:2 (A2), NPK 1:2:3 (A3), and 300 (B1), 450 (B2), and 600 (B3) kg (NPK) ha™!. Our
results showed that the grain yield was significantly and positively correlated with the net photosynthetic rate (Pw),
stomatal conductance (g;), transpiration rate (£), PAR, stomatal limitation value (Ls), chlorophyll content (SPAD value),
and leaf area index (LAI), while significantly and negatively correlated with intercellular CO, concentration (C;) and
water-use efficiency (WUE). The grain yield, Pn, gs, E, PAR, L, SPAD, and LAI increased and then decreased with
enhanced fertilization, and their maximum values appeared in the A2B2 treatment. The C; and WUE decreased and then
increased with enhanced fertilization, and their minimum values appeared in the A2B2 treatment. Our results suggested
that fertilization had significant effects on the leaf photosynthetic capacity and grain yield of tartary buckwheat Yungiao
1, and the best fertilization strategy was 450 kg ha™' with NPK 1:4:2.
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Introduction

Tartary buckwheat (Fagopyrum tataricum Gaertn) is a
dicotyledonous cereal belonging to the Polygonaceae,
which originated in eastern Tibet or northwestern Yunnan
in China and is grown only in Asia, Europe, and North
America (Adachi et al. 1989, Li et al. 2010). It has been
praised as one kind of green food material and medicinal
plant because of the health-promoting properties of its
grains. Tartary buckwheat grains contain a variety of
nutrients, the main compounds being: rutin, polyphenols,
proteins, polysaccharides, dietary fibre, lipids, micro-
elements, and macroelements (Kim ef al. 2004, Christa and
Soral-Smietana 2008). Tartary buckwheat is cited as a
plant of origin for rutin, which is a kind of flavonol
glycoside compound used in preventing edema,
haemorrhagic diseases, and stabilizing blood pressure due
to its effectiveness in controlling blood vessel (Havsteen

1983, Kim et al. 2004).

Nitrogen (N) is one of the most important nutrients for
crop production because it affects dry matter production
by influencing leaf area development and maintenance as
well as photosynthetic efficiency (Dordas and Sioulas
2008). N deficiency reduces the radiation interception,
radiation-use efficiency, dry matter partitioning to
reproductive organs, and leaf area index (Shangguan et al.
2000, Dordas and Sioulas 2008). Phosphorus (P) is closely
related to photosynthetic carbon metabolism in plants, and
P deficiency can result in restriction of the photo-
phosphorylation process, decreases in Rubisco activity,
ribulose-1,5-bisphosphate (RuBP) regeneration rates, and
photosynthetic rates in leaves (Liu et al. 2010). Potassium
(K) is involved in many physiological processes, plays an
important role in stomatal regulation, and K deficiency
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decreases the photosynthetic carbon metabolism and the
consumption of fixed carbon resources (Tsonev et al.
2011, Aslam et al. 2014). Photosynthesis is the main
driving force influencing dry matter partitioning and organ
formation, and it is the basis of plant production (Igbal et
al. 2011, Zlatev and Lidon 2012). However, fertilizers,
such as N, P, and K, which regulate the capacity of plants
to utilize photosynthates, are the major determinants of
potential productivity (Shen and Li 2011, Xu et al. 2013).

Most of previous studies on fertilization have focused
on the yield and quality of tartary buckwheat. Li et al.
(2006) concluded that the grain yield of tartary buckwheat
increased significantly by applying both manure and
chemical fertilizers, and the optimum combination for
fertilizers is one part of manure with one part of chemical

Materials and methods

Site description: The field experiments were carried out
in 2013 and 2014 at the Xiema Experimental Station
(19°51'N, 106°37'E) of Southwest University, Beibei,
Chongqing, China. The station is located 10 km south of
Southwest University at 350 m a. s. 1., and the area is
classified as having a subtropical monsoon climate. The
soil was a sandy loam, and the 0-100 mm soil layer
contained 12.6 g(organic matter) kg™', 73.2 mg(available N)
kg™, 21 mg(available P) kg™!, 106 mg(available K) kg,
0.84 g(total N) kg!, 0,46 g(total P) kg, and 17.5 g(total
K) kg !(soil). The pH value of the soil was 5.8.

Experimental design: The experiment was a split-plot
factorial, on the basis of randomized complete block
design with three replications. The main plots represented
a fertilizer of three ratios: NPK 1:1:1 (A1), NPK 1:4:2
(A2), and NPK 1:2:3 (A3). The subplots were fertilizer
rates with three concentrations: 300 (B1), 450 (B2), and
600 (B3) kg ha™'. N fertilizer (urea, contained 46% N) was
obtained from Sichuan Lutianhua Co., Ltd. (Luzhou,
Sichuan Province, China). P fertilizer (calcium super-
phosphate, contained 12% P,Os) was obtained from
Sinochem Chongqing Fuling Chemical Co., Ltd. (Fuling,
Chongqing, China). K fertilizer (potassium sulfate,
contained 53% K,0) was obtained from National Invest-
ment Xinjiang Lop Nor potassium Co., Ltd. (Hami,
Xinjiang Province, China). All fertilizers were mixed and
then applied as a basal fertilizer, when the seeds were
sown, and the details of treatments were presented in the
table below. Yungiao 1, a tartary buckwheat cultivar, with
a high photosynthetic capacity (Wang et al. 2013) and
widely cultivated in local production, was used in the
experiment. Tartary buckwheat seeds were obtained from
College of Agronomy and Biotechnology, Southwest
University (Beibei, Chongqing, China). Sowing was
performed on 28 August 2013 and 25 August 2014,
respectively, and subsequently thinned at the four-leaf
stage to a uniform density of 900,000 plants ha™'. The plot
size was 5 m long and 2 m wide with row spacing of
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fertilizer. Zhang et al. (2008) reported that fertilizer ratio
had significant effects on the growth and yield of tartary
buckwheat, and the optimum fertilizer ratio is NPK 1:2:3.
Besides, Zhao et al. (2012) found that the yield and quality
of tartary buckwheat increased and then decreased with the
increase of fertilization. However, little is known about
application of fertilizer on the physiological characteristics
of tartary buckwheat, especially regarding leaf
photosynthetic characteristics. Therefore, we tried to
elucidate the effects of fertilization on leaf photosynthetic
characteristics and grain yield in tartary buckwheat
Yungqiao 1. The results could provide a theoretical basis for
improvement of the leaf photosynthetic capacity in order
to increase the grain yield and improve fertilization
strategy in tartary buckwheat production.

approximately 33 cm, and consisted of six rows. There
were two board rows around each plot, and plants in these
rows were not included for any sampling.

Treatment N [kgha'] P20s [kgha™'] K20 [kgha™]
Al x Bl 100 100 100
Al x B2 150 150 150
Al x B3 200 200 200
A2 x Bl 43 171 86
A2 x B2 64 257 129
A2 x B3 86 343 171
A3 x Bl 50 100 150
A3 x B2 75 150 225
A3 xB3 100 200 300

Indicators and measuring method: At the anthesis stage
(coexistent stage of vegetative growth and reproductive
growth) of tartary buckwheat, ten plants in each plot were
selected and the third functional or fully expanded leaf
from the top of plants were labeled with red thread, in
order to investigate the photosynthetic parameters,
chlorophyll (Chl) content (SPAD value), and leaf area
index. The photosynthetic parameters were measured with
LI-6400 photosynthesis system (Li-Cor Inc., Lincoln,
USA) during 09:00-11:00 h on sunny day once a year on
15 October 2013 and 12 October 2014. Light intensity,
temperature, CO, concentration, flow rate, and relative
humidity were maintained at 1,000 umol(photon) m2 s,
30°C, 380 pmol mol™', 500 mL min, and 70%,
respectively. The net photosynthetic rate (Px), stomatal
conductance (gs), transpiration rate (£), and intercellular
CO; concentration (Cj) were automatically recorded.
Water-use efficiency (WUE) was calculated as Pn/E (Ou
et al. 2015). Stomatal limitation value (Ls) was calculated
according to the methods of Farquhar and Sharkey (1982).
The PAR was measured with a quantum sensor LI-790 (Li-
Cor Inc., Lincoln, USA) according to the method of Su et
al. (2014). At the same time, ten labeled leaves in each plot



were chosen to measure the Chl content (SPAD value)
with a Minolta SPAD-502 Chl meter (Minolta, Japan)
according to the method of Abdelhamid ez al. (2003). The
measurement was done five times for each leaf, and the
mean was calculated as the SPAD value of the given leaf.
Next, the total leaf area of each labeled plant was measured
with disc method according to the description of Tao and
Lin (2006). The leaf area index (LAI) was calculated as
total leaf area of one plant (m? per plant) x plant density
(plant m2) (Su et al. 2014). Plants were hand-harvested
when 70-80% of total seeds changed their color from
green to black. For the grain yield, seeds were air-dried for
two weeks before measurement.

Results

Grain yield: As shown by ANOVA (Table 1), the fertilizer
ratio, fertilizer rate, and their interaction significantly
affected the grain yield. There were significant differences
in the grain yield between the fertilizer ratio treatments,
and the maximum value appeared in the A2 treatment
(Table 2). Compared with the Al and A3 treatments, the
A2 treatment significantly increased the grain yield by
25.3% and 10.3%, respectively. The grain yield increased
and then decreased with the increase of fertilizer rate, and
the maximum value appeared in the B2 treatment (Table
2). Compared to the Bl and B3 treatments, the B2
treatment significantly increased the grain yield by 11.6%
and 11.5%, respectively. Interactions between fertilizer
ratio and fertilizer rate (Table 3) showed that the A2B2
treatment had the highest grain yield.

Px: The fertilizer ratio, fertilizer rate, and their interaction
had significant effects on the leaf Py (Table 1). There were
significant differences in Pn between the fertilizer ratio
treatments, and the maximum value appeared in the A2
treatment (Table 2). Compared with the Al and A3
treatments, the A2 treatment significantly increased the Py
by 30.2% and 15.1%, respectively. The Py increased and

PHOTOSYNTHESIS OF TARTARY BUCKWHEAT

Statistical analysis: The differences in data between the
two years were not significant (P>0.05). Therefore, for all
indicators, mean data of the two years were presented.
Analysis of variance (one-way ANOVA) was performed
with SPSS 19.0 software (SPSS Institute Inc., Chicago,
USA), and data from each sampling data were analyzed
separately. Means were tested by least significant
difference at the P<0.05 level (LSDys). Linear regression
was performed by SigmaPlot 10.0 (Aspire Software Intl.,
Ashburn, USA) to identify the relationship between the
grain yield and photosynthetic characteristics of tartary
buckwheat.

then decreased with the increase of fertilizer rate, and the
maximum value appeared in the B2 treatment (Table 2).
Compared with the B1 and B3 treatments, the B2 treatment
significantly increased the Px by 33.1% and 14.0%,
respectively. Interaction between fertilizer ratio and
fertilizer rate (Table 3) showed that the A2B2 treatment
exhibited the highest Px.

gs: The fertilizer ratio and fertilizer rate had significant
effects on the g, but their interaction had no significant
effect (Table 1). There were significant differences in g
between the fertilizer ratio treatments, and the maximum
value was reached in the A2 treatment (Table 2).
Compared to the Al and A3 treatments, the A2 treatment
significantly increased the gs by 30.8% and 17.2%,
respectively. The g increased and then decreased with the
increase of the fertilizer rate, and the maximum value was
found in the B2 treatment (Table 2). Compared to the Bl
and B3 treatments, the B2 treatment significantly in-
creased the g5 by 115.8% and 41.4%, respectively. Inter-
action between fertilizer ratio and fertilizer rate (Table 3)
showed that the A2B2 treatment had the highest gs.

Table 1. Analysis of variance (ANOVA) for the effects of fertilization on the grain yield, net photosynthetic rate (Pn), stomatal
conductance (gs), intercellular CO2 concentration (Ci), transpiration rate (E), photosynthetically active radiation (PAR), water-use
efficiency (WUE), stomatal limitation value (Ls), chlorophyll content (SPAD value), and leaf area index (LAI) in tartary buckwheat
(F-value). A, B, and AxB represent fertilizer ratio, fertilizer rate, and the interaction between fertilizer ratio and fertilizer rate. * and **
— significant at P<0.05 and P<0.01, respectively; ns — not significant.

Variation Degree of  Grainyield Pn gs G E PAR WUE Ls SPAD LAI
source freedom

A 2 83.3™ 139.8™  44.6™ 227" 353" 3.0™ 1.7%  37.3" 432" 87.1™
B 2 243" 188.4™ 193.5™ 8.6 171.9™ 73" 125.8" 89.77" 212.8" 2247
AxB 4 10.1™ 6.8" 3.1ms 0.318 9.2"™ 0.3 6.6" 3.408 2.9%  152™
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Ci: The fertilizer ratio and fertilizer rate significantly
affected the Cj, but their interaction had no significant
effect (Table 1). There were differences in C; between the
fertilizer ratio treatments, and the minimum value
appeared in the A2 treatment (Table 2). Compared to the
Al and A3 treatments, the A2 treatment decreased the C;
by 5.8% and 2.2%, respectively. The C; declined and then
was elevated with the increase of fertilizer rate, and the
minimum value appeared in the B2 treatment (Table 2).
Compared to the Bl and B3 treatments, the B2 treatment
decreased the C; by 5.6% and 2.8%, respectively.
Interaction between fertilizer ratio and fertilizer rate (Table
3) showed that the A2B2 treatment exhibited the lowest Ci.

E: The fertilizer ratio, fertilizer rate, and their interaction
had significant effects on the E (Table 1). Significant
differences in £ were found between the fertilizer ratio
treatments with the maximum value in the A2 treatment
(Table 2). Compared to the Al and A3 treatments, the A2
treatment increased significantly the £ by 39.7% and
16.1%, respectively. The E increased and then decreased
with the increase of fertilizer rate, and the maximum value
appeared in the B2 treatment (Table 2). Compared to the
Bl and B3 treatments, the B2 treatment significantly
increased the E by 79.2% and 33.1%, respectively.
Interaction between fertilizer ratio and fertilizer rate (Table
3) showed that the the highest £ was found after the A2B2
treatment.

PAR: As shown by ANOVA (Table 1), fertilizer rate had
significant effect on the PAR at the third functional or fully
expanded leaf from the top of plants, but fertilizer ratio and
their interaction had no significant effects. No differences
in PAR were observed between the fertilizer ratio
treatments, and the maximum value was found after the A2
treatment (Table 2). Compared to the Al and A3
treatments, the A2 treatment increased the PAR by 2.97%
and 1.4%, respectively. The PAR increased and then
decreased with the increase of fertilizer rate, and the
maximum value appeared in the B2 treatment (Table 2).
Compared with the Bl and B3 treatments, PAR after the
B2 treatment significantly increased by 3.6% and 2.4%,
respectively. Interaction between fertilizer ratio and
fertilizer rate (Table 3) showed that the A2B2 treatment
had the highest PAR.

WUE: The fertilizer ratio had no significant effect on the
WUE, while the fertilizer rate and their interaction
significantly affected the WUE (Table 1). There were no
significant differences in WUE between fertilizer ratio
treatments. The WUE decreased and then increased with

PHOTOSYNTHESIS OF TARTARY BUCKWHEAT

the increase of the fertilizer rate, and the minimum value
appeared in the B2 treatment (Table 2). Compared to the
Bl and B3 treatments, the B2 treatment significantly
decreased the WUE by 25.5% and 14.6%, respectively.
Interaction between fertilizer ratio and fertilizer rate (Table
3) showed that the A2B2 treatment had the lowest WUE.

Ls: The fertilizer ratio and fertilizer rate had significant
effects on the L of leaf, but their interaction had no
significant effect (Table 1). There were significant
differences in Ls between fertilizer ratio treatments, and
the maximum value was reached in the A2 treatment
(Table 2). Compared to the Al and A3 treatments, the A2
treatment significantly increased the Ls by 46.7% and
15.8%, respectively. The L increased and then decreased
with the increase of fertilizer rate, and the maximum value
appeared in the B2 treatment (Table 2). Compared to the
Bl and B3 treatments, the B2 treatment significantly
increased the Ls by 70.37% and 21.05%, respectively.
Interaction between fertilizer ratio and fertilizer rate (Table
3) showed that the A2B2 treatment had the highest L.

SPAD: The fertilizer ratio and fertilizer rate influenced
significantly SPAD, while their interaction had no
significant effect (Table 1). Similarly as in previous
characteristics the maximum value was found in the A2
treatment (Table 2). Compared to the Al and A3
treatments, the A2 treatment significantly increased the
SPAD by 21.2% and 9.2%, respectively. The SPAD
increased and then decreased with the increase of fertilizer
rate, and the maximum value appeared in the B2 treatment
(Table 2). Compared with the B1 and B3 treatments, the
B2 treatment significantly increased the SPAD by 91.4%
and 39.4%, respectively. Interaction between fertilizer
ratio and fertilizer rate (Table 3) proved that the A2B2
treatment showed the highest SPAD.

LAI: The fertilizer ratio, fertilizer rate, and their
interaction significantly affected the LAI (Table 1). There
were significant differences in LAI among fertilizer ratio
treatments, and the maximum value appeared in the A2
treatment (Table 2). The A2 treatment significantly
increased the LAI by 32.0% and 11.2% in comparison to
Al and A3, respectively. The LAI increased and then
decreased with the increase of fertilizer rate, and the
maximum value appeared in the B2 treatment (Table 2).
Compared with the B1 and B3 treatments, the B2 treatment
significantly increased the LAI by 37.8% and 18.6%,
respectively. Interaction between fertilizer ratio and
fertilizer rate (Table 3) showed that the A2B2 treatment
had the highest LAL
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Fig. 1. Relationships of grain yield to the (4) net photosynthetic rate (Pn), (B) stomatal conductance (gs), (C) intercellular CO2
concentration (Cj), (D) transpiration rate (E), (£) photosynthetically active radiation (PAR), (F) water-use efficiency (WUE),
(G) stomatal limitation value (Ls), (H) chlorophyll content (SPAD value), and (/) leaf area index (LAI) in tartary buckwheat. n =9.

Relationship between grain yield and photosynthetic
characteristics: Remarkable positive correlations were
found between the grain yield and Pn (Fig. 14), g
(Fig. 1B), E (Fig. 1D), PAR (Fig. 1E), L, (Fig. 1G), SPAD

Discussion

The photosynthetic capacity of leaf and LAI are key
factors to determine tartary buckwheat yield. Py directly
indicates the photosynthetic capacity of single leaf (Jiang
et al. 2004). SPAD is the greenness of a leaf, and represent
the content of photosynthetic pigments (Ommen et al.
1999, Rajcan et al. 1999). LAI is the canopy photo-
synthetic area (Jiang et al. 2004). Ls is an important
indicator to evaluate the limiting effects of stomatal factors
on the Py (Farquhar and Sharkey 1982). E is often used to
reflect the intensity of transpiration in plants, gs to denote
the extent of opening of stomata, and C; to indicate the
assimilation ability of mesophyll cells for CO; in plants,
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(Fig. 1H), and LAI (Fig. 1/). Correlation analysis also
demonstrated that the grain yield was significantly and
negatively correlated with C; (Fig. 1 C) and WUE (Fig. 1F).

which are important indices to describe the photosynthesis
of plants and have close relationships with Px (Liu et al.
2010). PAR and WUE are important eco-physiological
factors affecting Py in the field-grown condition (Li et al.
2002). As a result, these nine parameters showed
significant relationship to tartary buckwheat yield (Fig. 1).
Therefore, our results showed that these nine parameters
could be used to evaluate the production potential of
tartary buckwheat.

The photosynthetic capacity of leaf is closely related to
N, P, and K fertilizers (Wang et al. 2008). Various works
have reported that N, P, and K fertilizers in excess or



deficient could reduce the photosynthetic capacity (Ashraf
et al. 2001, Wu et al. 2002, Cechin and Fumis 2004). In
the present study, the Px, gs, £, PAR, L, SPAD, and LAI
increased and then decreased with the increase of fertilizer
rate, while the C; and WUE decreased and then increased
with the increase of fertilizer rate. Furthermore, our results
indicated that there were significant differences in the
grain yield and photosynthetic capacity of leaf between
fertilizer ratio treatments, and their maximum values
appeared in the A2 (NPK 1:4:2) treatment. In this
treatment, tartary buckwheat showed a high capacity to
take P from soil, which is in agreement with Zhu et al.
(2002). Previous researchers have reported that the
decrease of C; and increase of Ls implies that reduction of
stomatal conductance was responsible for the decrease of
Py, while the increase of C; and decrease of L indicates
that the decline of photosynthetic activity of mesophyll
cells could account for the decrease of Py (Farquhar and
Sharkey 1982, Guan et al. 1995, Xu 1997, Liu et al. 2010).
In our study, fertilization had significant effects on the Py,
C;, and L, of tartary buckwheat, and the low concentration
of fertilizers (A1B1 treatment) resulted in declines of Px
and L, and the increase of Ci. These results imply that the
reduction of Py at low nutrient level was due to
nonstomatal factors, such as the decrease of photosynthetic
activity of mesophyll cells.

The availability of sufficient fertilizer is essential to
increase the production of tartary buckwheat. In the

References

Abdelhamid M., Horiuchi T., Oba S.: Evaluation of the SPAD
value in faba bean (Vicia faba L.) leaves in relation to different
fertilizer applications. — Plant Prod. Sci. 6: 185-289, 2003.

Adachi T., Yamaguchi A., Miike Y., Hoffmann F.: Plant rege-
neration from protoplasts of common buckwheat (Fagopyrum
esculentum). — Plant Cell Rep. 8: 247-250, 1989.

Ashraf M., Ahmad A., McNeilly T.: Growth and photosynthetic
characteristics in pearl millet under water stress and different
potassium supply. — Photosynthetica 39: 389-394, 2001.

Aslam M., Zamir M.S.1., Afzal 1., Amin M.: Role of potassium
in physiological functions of spring maize (Zea mays L.)
grown under drought stress. — J. Anim. Plant Sci. 24: 1452-
1465, 2014.

Cechin I., Fumis T.F.: Effect of nitrogen supply on growth and
photosynthesis of sunflower plants grown in the greenhouse. —
Plant Sci. 166: 1379-1385, 2004.

Christa K., Soral-Smietana M.: Buckwheat grains and buckwheat
products — nutritional and prophylactic value of their
components — a review. — Czech J. Food Sci. 26: 153-162,
2008.

Dordas C.A., Sioulas C.: Safflower yield, chlorophyll content,
photosynthesis, and water use efficiency response to nitrogen
fertilization under rainfed conditions. — Ind. Crop. Prod. 27:
75-85, 2008.

Farquhar G.D., Sharkey T.D: Stomatal conductance and photo-
synthesis. — Annu. Rev. Plant Physio. 33: 317-345, 1982.

Guan Y.X., Dai J.Y., Lin Y.: [The photosynthetic stomatal and
nonstomatal limitation of plant leaves under water stress.] —
Plant Physiol. Commun. 31: 293-297, 1995. [In Chinese]

PHOTOSYNTHESIS OF TARTARY BUCKWHEAT

present study, the leaf photosynthetic capacity and grain
yield of tartary buckwheat increased and then decreased
with the increase of fertilizer ratio and rate, and their
maximum values appeared in the A2B2 (450 kg ha™! with
NPK 1:4:2) treatment. Two reasons could be responsible
for the decrease of leaf photosynthetic capacity and grain
yield in this study. The first was the weak irradiance to the
leaf by shading due to leaf development promoted by
abundant fertilizer (Hight et al. 1968, Marchiori et al.
2014). The second was that tartary buckwheat grew
excessively tall when fertilizer was abundant and became
susceptible to lodging (Okuno et al. 2014, Wang et al.
2015). Therefore, appropriate fertilization strategy should
be chosen in the production of tartary buckwheat. Based
on the present results, we suggested that fertilization had
significant effects on the leaf photosynthetic capacity and
grain yield of tartary buckwheat, and the best fertilization
strategy was 450 kg ha™' with NPK 1:4:2. The present
findings were considered to be valuable for improvement
of productivity of tartary buckwheat.

Conclusion: Fertilization had significant effects on the
leaf photosynthetic capacity and grain yield of tartary
buckwheat Yunqgiao 1. The leaf photosynthetic capacity
and grain yield of Yungiao 1 increased and then decreased
with the increase of fertilization, and the best fertilization
strategy was 450 kg ha™! with NPK 1:4:2.

Havsteen B.: Flavonoids, a class of natural products of high
pharmacological potency. — Biochem. Pharmacol. 32: 1141-
1148, 1983.

Hight G.K., Sinclair D.P., Lancaster R.J.: Some effects of
shading and of nitrogen fertilizer on the chemical composition
of freeze-dried and oven-dried herbage and on the nutritive
value of oven-dried herbage fed to sheep. — New Zeal. J. Agr.
Res. 11: 286-302, 1968.

Igbal M., Khan K., Sher H. ef al.: Genotypic and phenotypic
relationship between physiological and grain yield related
traits in four maize (Zea mays L.) crosses of subtropical
climate. — Sci. Res. Essays 6: 2864-2872, 2011.

Jiang D., Dai T., Jing Q. et al.: Effects of long-term fertilization
on leaf photosynthetic characteristics and grain yield in winter
wheat. — Photosynthetica 42: 439-446, 2004.

Kim S.L., Kim S.K., Park C.H.: Introduction and nutritional
evaluation of buckwheat sprouts as a new vegetable. — Food
Res. Int. 37: 319-327, 2004.

Li C.H,, Liu K., Zhou S.M., Luan L.M.: [Response of photo-
synthesis to eco-physiological factors of summer maize on
different fertilizer amounts.] — Acta Agron. Sin. 28: 265-269,
2002. [In Chinese]

Li D, Li X.L., Ding X.L.: Composition and antioxidative
properties of the flavonoid-rich fractions form tartary buck-
wheat grains. — Food Sci. Biotechnol. 19: 711-716, 2010.

Li H.M., Shan F., Bian J.S. et al.: [Effects of variety and fertilizer
on the yield and the utilization of water and fertilizer of tartary
buckwheat.] — Chin. J. Eco-Agric. 14: 253-255, 2006. [In
Chinese]

83



C. WANG et al.

Liu H.EE.,, Hu CX., Sun X.C. et al.: Interactive effects of
molybdenum and phosphorus fertilizers on photosynthetic
characteristics of seedlings and grain yield of Brassica napus.
— Plant Soil 326: 345-353, 2010.

Marchiori P.E.R., Marchado E.C., Ribeiro R.V.: Photosynthetic
limitations imposed by self-shading in field-frown sugarcane
varieties. — Field Crop. Res. 155: 30-37, 2014.

Okuno A., Hirano K., Asano K. er al.. New approach to
increasing rice lodging resistance and biomass yield through
the use of high gibberellin producing varieties. — PLoS ONE
9: ¢86870, 2014.

Ommen O.E., Donnelly A., Vanhoutvin S. ef al.: Chlorophyll
content of spring wheat flag leaves grown under elevated CO2
concentrations and other environmental stress within the
‘ESPACE-wheat’ project. — Eur. J. Agron. 10: 197-203, 1999.

Ou L.J., Wei G., Zhang Z.Q. et al.: Effects of low temperature
and low irradiance on the physiological characteristics and
related gene expression of different pepper species. —
Photosynthetica 53: 85-94, 2015.

Rajcan 1., Dwyer L.M., Tollenaar M.: Note on relationship
between leaf soluble carbohydrate and chlorophyll concen-
trations in maize during leaf senescence. — Field Crop Res. 63:
13-17, 1999.

Shangguan Z.P., Shao M.G., Dyckmans J.: Effects of nitrogen
nutrition and water deficit on net photosynthetic rate and
chlorophyll fluorescence in winter wheat. — J. Plant Physiol.
156: 46-51, 2000.

Shen Y.F., Li S.Q.: Effects of the spatial coupling of water and
fertilizer on the chlorophyll fluorescence parameters of winter
wheat leaves. — Agr. Sci. Chin. 10: 1923-1931, 2011.

Su B.Y., Song Y.X., Song C. et al.: Growth and photosynthetic
responses of soybean seedlings to maize shading in relay
intercropping system in Southwest China. — Photosynthetica
52:332-340, 2014.

Tao H.B., Lin S.: [Comparison on disc method with copy method
and length-width method for measuring leaf area of rice.] —
Plant Physiol. Commun. 42: 496-498, 2006. [In Chinese]

Tsonev T., Velikova V., Yildiz-Aktas L. et al.: Effect of water

84

deficit and potassium fertilization on photosynthetic activity in
cotton plants. — Plant Biosyst. 145: 841-847, 2011

Wang C., Ruan R.W., Yi Z.L.: [Analysis on photosynthetic
indexes of Chongqing’s main buckwheat variety sowed in
autumn.] — Seed 32: 91-94, 2013. [In Chinese]

Wang C., Ruan R'W., Yuan X.H. et al.: Effects of nitrogen
fertilizer and planting density on the lignin synthesis in the
culm in relation to lodging resistance of buckwheat. — Plant
Prod. Sci. 18: 218-227, 2015.

Wang S., Yang J.F., Han X.R. et al.: [Effects of fertilizer
application on photosynthetic traits of spring maize.] — Soil
Fert. Sci. Chin. 6: 23-27, 2008. [In Chinese]

Wu K.N,, Zhao Y.F., Lii Q.L., Li L.: [Effects of irrigation during
grain filling stage and applying phosphate on the
photosynthetic efficiency and yield of winter wheat in the
fluvo-aquic soil area.] — J. Plant Nutr. Fert. Sci. 8: 428-434,
2002. [In Chinese]

Xu D.X.: [Some problems in stomatal limitation analysis of
photosynthesis.] — Plant Physiol. Commun. 33: 241-244, 1997.
[In Chinese]

Xu W.Z., Deng X.P., Xu B.C.: Effects of water stress and
fertilization on leaf gas exchange and photosynthetic light-
response curves of Bothriochloa ischaemum L. -—
Photosynthetica 51: 603-612, 2013.

Zhang W.Z., Yao M.S., Yan J.B.: [The contrast study of the
effects on different fertilizer allocated proportion to the growth
development and the yield of buckwheat.] — Rain Fed Crops
28: 52-54, 2008. [In Chinese]

Zhao W.M., Zhang Q.M., Gui M.: [Effects of fertilization level
on bitter buckwheat yield and it bioflavonoid content.] —
Guizhou Agric. Sci. 40: 41-43, 2012. [In Chinese]

Zhu Y.G.,, He Y.Q., Smith S.E., Smith F.A.. Buckwheat
(Fagopyrum esculentum Moench) has high capacity to take up
phosphorus (P) from a calcium (Ca)-bound source. — Plant Soil
239: 1-8, 2002.

Zlatev Z., Lidon F.C.: An overview on drought induced changes
in plant growth, water relations and photosynthesis. — Emir. J.
Food Agric. 24: 57-72, 2012.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages false
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /CZE <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




