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ABSTRACT 

In order to evaluate the active ingredient, grain yield of common buckwheat (fagopyrum esculentum) affected by 
sowing date, planting pattern and nitrogen in summer cultivation, a field study was conducted during 2018 and 
2019 in Agricultural Research Institute of Arak, Iran. The experimental design was regarded as the randomized 
complete blocks in the form of split-plot factorial with three replications. Planting pattern treatments as the 
primary factors included two levels of 50 cm mound with two 20cm sowing rows (P1) and 60cm mound with 
three 15cm sowing rows (P2). Sowing date treatments included four levels of 20th June (D1), 5th July (D2), 20th July 
(D3) and 5th August (D4) and nitrogen treatments included four levels of 0 (N1), 50 (N2), 100 (N3) and 150 (N4) 
kg ha-1 considered as secondary factors. Results showed that the effects of planting dates, nitrogen and planting 
patterns have been significant on grain yield, rutin percent rates of leaves, stem, grain and flower. So, the highest 
rates of grain yield as 1967 kg ha-1, leaf, stem, grain and flower rutin percent as 0.99, 0.37, 0.007 and 1.35 mg per 
100 g of dry matter have been observed for the treatments of P2D1N3, P2D4N4, P1D4N4, P1D4N3 and P1D4N3; 
respectively. Therefore, buckwheat with nutritional characteristics, adaptation, good yield as a new medicinal 
plant can enter the cultivation patterns in different regions of the world.  
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INTRODUCTION 

Buckwheat which has been scientifically named 

Fagopyrum esculentum can be considered as a yearling 

broad-leaved plant belonging to the family of 

Polygonaceae which is known as false Cereal. Planting of 

medicinal plants is likely to be significantly developed due 

to the needs of medicinal, nutritional, cosmetic and 

hygienic industries so that more researches and studies 

should be performed in this regard [1]. The use of plants as 

a phytochemical source has increased the popularity of this 

plant as a valuable medicinal plant. Therefore, due to the 

interest of farmers in cultivating this crop in recent years, 

the productivity and cultivated areas of this crop have 

increased worldwide [2]. Because biologic active 

compounds have many fans, and since these compounds 

vary depending on the location of cultivation, age and plant 

species, therefore, practical approaches are necessary to 

increase them [3]. Its seeds are used as a nutritional and 

medicinal product because of the rutin content of them [4]. 

Buckwheat also contains high level of rutin in  nearly all 

organs, including seeds, cotyledons, leaves, stems,  and 

flowers [5]. The flour obtained from this plant's seeds has 

a medical effect on controlling and improving diabetes and 

also treating marrow fibrosis, heart coronary and 

hypertension [4]. Quercetin glycoside in buckwheat is 

quercetin-3-O-rutinoside, also known as rutin. It is 

composed of the flavonoid quercetin and rutinose, which is 

a disaccharide of L-rhamnose and D-glucose [6].  

Rutin has garnered much attention for the health benefits 

associated with its use as a supplement. Fortification of 

cereal-based foods with buckwheat bran could therefore 
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not only add value to a by-product of buckwheat milling 

but also create a functional food offering a variety of 

nutritional and health benefits [7]. Flavonoid and Rutin are 

used in clinical chemistry and human health due to their 

excellent pharmacological (vasoactive, antiviral, 

antiallergic and antiprotozoal) and physiological 

(antibacterial, anti-inflammatory and antitumor) activities 

[8, 9]. Buckwheat is considered as a plant with a short 

growing season and its cultivation increasing worldwide 

[2]. In a study on buckwhaet, they reported a significant 

difference in the amount of plant rutin in different areas of 

cultivation [10]. Different dates of planting in various 

climatic conditions influence the length of plants’ growth 

period and can play important roles in changing the plant 

effective material and production rates [1]. High 

temperature causes that buckwheat vegetative organs and 

leaves are burnt; therefore, it decreases the yield and 

quality of vegetative organs as well as their rutin rates. 

Reported that among the environmental factors, 

temperature is the most effective factor in the accumulation 

of flavonoids and rutin. Due to the fact that plant 

buckwheat is resistant to environmental conditions and 

tolerates high temperatures, it is possible to reduce the 

active ingredient [11]. Understanding how environmental 

factors affect the phytochemical production will be of 

great importance [12].  

Selecting suitable sowing dates, various growth stages of 

plants will be in conformity with the appropriate 

environmental conditions which may enhance the 

photosynthesis efficiency and sufficient supply of 

photosynthetic materials as well as the yield. In European 

countries, suitable sowing dates are specified as the middle 

of May and July [13] and At a lower altitude, wheat rushes 

are usually planted in the months of May-August, while in 

higher altitudes, April-May, the optimal time for planting 

wheat raisins is optimal, the study said [14]. Examining the 

rutin percent of buckwheat with respect to a variety of 

sowing dates, they have stated that after the summer 

planting periods, the plant rutin rate may be the half of that 

given for the summer ones. Changing plant distances is 

used as a tool to increase or decrease plant density, so new 

innovations in plant production recommend the use of 

narrow row spacing [15]. 

Plants yield is resulted from the internal and external 

species contests to achieve the environmental potentials 

and thus, maximum yield can be obtained when these 

contests are minimized. One of the contest minimization 

ways is to have the accurate plant distribution in the desired 

area since the distance intervals between the planting rows 

and the plants in each row can determine the useful 

growing space and the resultant plant yield. Studying the 

number of plants buckwheat (125, 250, 375 and 500 plant) 

and planting row intervals (12, 24, 36 and 48 cm), the best 

yield was found while planting 125 plant at the intervals of 

36 cm [16]. It has been reported that the planting patterns 

play the influential roles in distributing the light 

considering the vegetation. The effects of environmental 

conditions are to be indicated in the stage of seeds filling 

through conducting a sowing date examination (in the 

middle of May) on the rows with the intervals of 12.5 cm 

along with 200 plants per hectare. In a report, 30 cm of 10 

cm planting makeup in buckwheat and 20 kg of suitable 

nitrogen was reported [17].  

Furthermore, uniform distribution of bushes in nearer 

planting rows leads to the more effective application of 

resources and delay of contest start point among species 

that may improve the light emission and enhance the net 

absorption of light. Such distribution can be achieved if the 

distance intervals of plants are equaled; in other words, it 

is called the uniform planting pattern. Applying such 

planting patterns, the contest to absorb the light will be 

minimized, the plant canopy is able to fully receive the 

available radiation, and the plant yield will be increased 

[18, 19]. It may be given due to the changes of 

photosynthetic materials' allocation to vegetative and 

reproductive organs. Photosynthetic materials move 

towards the reproductive organs and as a result, the 

performance and yield of organs may be affected [20]. 

Another factor affecting the production and active 

ingredient of medicinal plants is the nutrients . Among 

growth suppliers of medicinal plants, nitrogen fertilizers 

are of high importance. Although they might be suggested 

for medicinal plants, their application should be done 

according to the above-mentioned facts because a fertilizer 

treatment may increase the crop yield whereas the amount 

of effective materials of medicinal plants will be reduced 

or some changes are to be occurred in the ingredients of 

effective medicinal materials considered as a disadvantage. 

It has been reported that high nitrogen consumption, due to 

increased vegetative growth and decreased lignin, 

increases the risk of plant dormancy and affects the amount 

of active ingredient [21]. As Salehi  et al (2018) has 

presented the effects of various levels of nitrogen on 

Buckwheat's characteristics, nitrogen as the most 

important element to correct the nutrient status of the soil 

has the highest impacts on the increase of crop And 

competition for complex nutrient nutrients is on par with 

other competitions. [22]. In addition, high rates of nitrogen 

resulted in decreasing the rutin rate and increasing the 

biomass [23, 24]. Maximum yield has been given during 

hot and long days. Leaves and flowers’ rutin rates followed 

the same trend, and the maximum rutin rate that is 5% was 

obtained [25]. Most rutin is accumulated in the 

inflorescence (up to 0·12 mg/g dw), in stalks (0·004–0·01 

mg/g dw), upper leaves (0·08–0·10 mg/g dw) and 0·12–

0·36 mg/g dw in grains depending on the variety and 

growth conditions [26, 27]. Rutin content in vegetative 

mass of buckwheat (leaves, inflorescences and stem) 
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ranges from 2 up to 9 % [28], which may vary according 

to growth location and cultivar. It has been reported that 

many environmental factors affect the biosynthesis 

pathway of polyphenols, so it is difficult to manage 

agricultural operations under the influence of 

environmental factors. Therefore, with the help of various 

techniques such as time and method of planting and proper 

distribution of nutrients, we can take an effective step to 

reduce plant competition. 

Given the growing need for healthy food and crop 

production alongside potential agricultural opportunities as 

basic agricultural policies, new crops with high crop yields, 

good quality, low water demand and multi-crop systems 

and their use in nutrition should be studied. Therefore, this 

research aimed to evaluate the effects of sowing date, 

planting pattern and nitrogen on quantitative grain yield 

and rutin percent in different parts of buckwheat. This 

review has been designed to highlight the chemical 

constituents and pharmacological effects of Fagopyrum 

esculentum as a promising plant for many pharmacological 

purposes as a commercial source of rutin or a functional 

food. In addition, because there is very little information 

about this plant in Iran and it is in accordance with the 

climatic conditions of Iran in terms of water shortage and 

is located in a dry and semi-arid region, therefore, it seems 

necessary to conduct this research. 

MATERIALS AND METHODS 

Field experiment was conducted by Agricultural Research 

Institute of Arak in a specific area located in northern 

latitudinal of 34o 5′ and eastern longitudinal of 49o 42′ that 

is 1757 m above sea level during 2018-2019. Some of the 

physic-chemical properties of the soil have been presented 

in (Table 1). The experimental design was a randomized 

complete blocks in the form of split-plot factorial with 

three replications. Planting treatment as the main factor 

was implemented at two levels including the mounds with 

the width of 50 cm associated with two planting rows 

regarding the distance intervals of 20 cm (P1) and those 

with the width of 60 cm along with three planting rows 

which are of the distance intervals of 15 cm (P2). 

Table 1. Selected physico-chemical properties of soil 

Parameter Unit Unamended soil 

Soil depth - 0-20 cm 

pH - 7.9 

EC dS m-1 1.23 

Sand % 30 

Silt % 35 

Clay % 35 

Organic carbon % 0.6 

Total N % 0.01 

Total P ppm 15 

Total K ppm 290 

CaCO3 % 10 

Sowing date and nitrogen treatments which may be 

considered as the minor elements are likely to be examined 

at four levels of dates and weights involving 20th June (D1), 

5th July (D2), 20th July (D3) and 5th August (D4) and 0 kg 

ha-1 (N1), 50 kg ha-1 (N2), 100 kg ha-1 (N3) and 150 kg ha-1 

(N4); respectively. Seeds of buckwheat were drill-seeded 

by hand.  The buckwheat seed were obtained from 

Germany (Figure 1). With respect to the fixed density of 

100 plants per square meter, the distances between the 

planting lines were specified as 4 and 5 cm for treatments 

of P1 and P2; respectively. Dimensions of each plot for the 

planting patterns of P1 and P2 have been determined as 

3×2.5 and 3×3 m consisting of 5 planting rows. 

Distribution of nitrogen fertilizer (on the basis of urea 

fertilizer) was done in 2 stages: first and second stages 

included 4-leaved and 8-leaved plants; respectively. 

Irrigation on the farm was done by the drip method. 

Irrigation intervals were carried out according to climatic 

conditions between 5 or 7 days based on plant needs. On 

August 8th, and September 2nd, 11th and 20th after plants 

being harvested in the first year, and on August 21st and 

31st and September 12th and 24th in the second year; the 

shoots, leaves, seed were sampled separately.  

 
(a) 

 
(b) 

Figure 1. Buckwheat seed 

In this research, rutin extraction and measurement were 

conducted in the laboratory of Islamic Azad University, 
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Arak [29, 30]. Rutin was measured using HPLC (Bio-tek 

Kontron 535) instrument. 

Samples of leaves, stems, flowers, and seeds were milled 

after drying. Then, 3 g of each sample was poured into a 

balloon and 30 ml of methanol solution was added at a 

proportion of 80- 20%.  

The extraction protocol of 80 % methanol using ultrasound 

treatment was selected for ease of use and to facilitate rutin 

stability during extraction. Previous literature has also 

noted the effectiveness of ultrasound-assisted extraction 

and organic solvent concentrations in the range of 70-80 % 

for removing rutin from other plant materials [31, 32].   

The resulted mixture was placed on the stirrer for 20 

minutes and then was passed through the filter paper, and 

the filtrate was poured into a graduated cylinder with cap 

and stored in the refrigerator. To obtain the moisture 

content of the samples, 5 g of each sample was placed at 

75° C. After 24 hours, the samples were weighed, and the 

weight difference of the samples was recorded as a 

percentage of moisture. To prepare the standard sample, 25 

and 50 mg of standard rutin with 95% purity prepared by 

Merck Company, was diluted to 25 ml by adding methanol.  

80% methanol was used to adjust the non-polar mobile 

phase of the HPLC machine, and 0.1 mM phosphoric acid 

was used in the mobile phase. The prepared solution of 

each of the samples and the standard sample were also 

filtered before injection by special filters mounted on a 

syringe. The injection volume of the standard sample and 

the obtained samples was 10 microliters, which was 

injected by special syringes into the machine, and the 

resulted curves and numbers were applied to the final 

calculation according to the following formula. Elution 

time for rutin was 9.5 minutes (Figure 2).  

 Rutin (%)  =  
a  V

V  m
× 100 

                        

Where: a: rutin rate reported by HPLC system according to 

mgr.  

V: final mass obtained from the extraction according to 

mL.  

v: injection mass from the desired sample according to mL.  

M: dry weight for the extraction according to mgr.

 

 
Figure 2. HPLC chromatogram of a rutin standard in 80 % methanol 

 

To calculate the final grain yield, the sum of seeds per a 

square meter (based on 12% of humidity) regarded as the 

grain yield criterion is likely to be computed when 75% of 

seeds' maturity is given in every plot. The statistical 

calculations and analysis of variance were performed using 

the SAS software (SAS 9.1.3). The averages have been 

compared in the experiment by the use of Duncan's 

multiple-range test at the probability level of 5%. 

RESULTS AND DISCUSSION 

Flower rutin percent (%) 

Flower rutin percent has not been affected by the year, and 

the interactions between the year and treatments, the year 

and planting patterns, the year and sowing dates and the 

year and nitrogen fertilizer were not significant, but the 

year had a significant relationship with the replication. 

Considering the treatments' relationships, nitrogen 

fertilizer, sowing dates and planting patterns had 

significant relationships. The highest flower rutin percent 

was given as 1.36 mg at 100 g of dry matter relevant to the 

treatment of P1D3N3 regarding the triple interaction of 

treatments (Table 2 and Table 3). 

Considering the accumulation of secondary metabolites, it 

can be concluded that when first metabolism having the 

maximum activity rate finishes the plant vegetative 

growth, a great deal of resultant materials and energy will 

be transferred to activate the generative and flowering 

stages. If the plant encounters the environmental tensions 

including a temperature one, it will be forced to consume 
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the physiological storages during a vital stage and instead, 

high rates of remaining obtained from the first metabolism 

may be remained as secondary metabolites.

 

Table 2. Mean squares from analysis of variance of grain yield, harvest index and rutin percent 

Source of variation df grain yield Lefa rutin stem rutin Flower rutin grain rutin 

Year 1 722.01* 0.056 * 0.084 ** 0.001  n.s 0.002 ** 

Year  Replication 1 12426.89 ns 0.001  n.s 0.036 ** 2.79 ** 0.000003 n.s 

Planting pattern 1 96241.3 * 0.0005  n.s 0.0002  n.s 0.001  n.s 0.000001 n.s 

Year  planting pattern 3 1.11* 1.34 ** 0.180 ** 1.903 * 0.00001 n.s 

Year planting pattern  Replication 3 6245.74 ns 0.100 ** 0.013 ** 0.171 ** 0.00001 ** 

Sowing date 3 2484113.8 * 0.151 * 0.011 * 1.38 ** 0.00001 n.s 

Nitrogen fertilizer 3 155002.5 * 0.058  n.s 0.014 ** 0.495 ** 0.00002 * 

Sowing date  Planting pattern 9 738200.8 * 0.493 ** 0.010 ** 0.089 ** 0.00002 ** 

Planting pattern  Nitrogen fertilizer 3 756578.33* 0.015  * 0.001  n.s 0.003  n.s 0.00001 ** 

Sowing date  nitrogen 3 19885.03* 0.040 ** 0.0001  n.s 0.001  n.s 0.000004 * 

Sowing date  year 9 0.002 ns 0.016 * 0.0003  n.s 0.003  n.s 0.000003 * 

Nitrogen  year 3 0.002 ns 0.007  n.s 0.001 ** 0.004  n.s 0.00003 ** 

Nitrogenyear sowing date 3 0.003 ns 0.017 * 0.0002  n.s 0.0005  n.s 0.000001 n.s 

Year  sowing date planting pattern 9 0.002 ns 0.095 ** 0.018 ** 0.261 ** 0.000009 * 

Yearsowing datenitrogen 9 0.003 ns 0.011 n.s 0.0001 n.s 0.004  n.s 0.00002 n.s 

Sowing datenitrogen planting pattern 9 553755.8 ** 0.006** 0.0002** 0.005** 0.0009** 

Yearsowing datenitrogen planting pattern 9 6375189.7** 0.511** 15.42* 2.68 ns 1.09 ns 

Test error 120 20.46 16.58 19.27 10.48 23.23 

Ns, *, **. Non-significant, significant at level of p<0.05, 0.01, respectively 

 

These metabolites will considerably concentrate and 

accumulate in some especial points of plant vegetative 

body. As mentioned before, this phenomenon is of lots of 

economic consequences. Based on the report, rutin content 

of the flower part is higher than that of other parts of 

buckwheat—leaf, seeds, or roots. About 10% of rutin (per 

dry weight) is found in buckwheat flower and leaf [33]. It 

has been reported that the rutin amount of buckwheat plant 

at the beginning of flowering is the highest. [24]. It has 

been reported that the amount of rutin varies between the 

organs of the wheatgrass plant and is higher in the flower 

than in the leaf [34]. Therefore, among the interactions of 

treatments, planting pattern P1 is of most appropriate 

conditions for the third sowing date and suitable use of 100 

kg of nitrogen to obtain the highest rutin percent of the 

plant (Figure 3). Therefore, it seems that on the third 

planting date, the average suitable temperature for suitable 

growing conditions and further production of flower buds 

has been provided, which is consistent with the results of 

researchers who reported the effect of temperature on the 

amount of active substance accumulation in plants [21]. 

 

 

 
Figure 3. Interaction of planting pattern and nitrogen 

fertilizer of flower rutin. 

 

Regarding first and second sowing dates, the number of 

generative units and flowers and flower rutin percent are 

likely to be reduced due to high temperature during 

vegetative and generative stages and lack of respiration 

balance between production and consumption. It was 

reported that the optimum temperature for optimal 

accumulation of writing is 25°C and with increasing 

temperature from 35°C the written content decreases [11]. 

In a review of biosynthesis processes and flavonoid 
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accumulation during the growth and development of 

buckwheat plants under the influence of external factors, 

these factors were reported to be effective in the amount of 

rutin in the plant [35]. Omidbeigi and Mastro (2004) 

performed an examination on the buckwheat yield of 7 

cultivars in various sowing dates in Iran, and presented that 

25th June is the best planting date with respect to the rutin 

percent. 

One of the effective factors in optimal growing conditions 

is to create a suitable space between the plant community 

to minimize competition. In this regard, choosing the right 

planting arrangement (square planting arrangement) can 

achieve this result. The lack of competition between single 

plants has been able to store the highest number of flowers 

and therefore the highest amount of rutin.The highest rutin 

percent buckwheat as 0 - 1.22 has been reported [36]. In 

the planting pattern of P1 (50 cm mounds with 2 planting 

rows and the intervals of 20 cm), due to high contest of 

single-bush plants, generative stage will begin earlier and 

the maximum number of flowers may be achieved while 

harvesting the flowers to measure the rutin percent. In a 

study on how to grow buckwheat, they reported that 

planting two rows in dry and semi-arid areas were the best 

way to optimally consume soil nitrogen [37]. In relation to 

nitrogen treatment, as reported, nutrients are one of the 

most important factors affecting the amount of active 

ingredient. Therefore, in this study, using 100 kg of plant 

nitrogen, it has been able to store the most effective 

material in the flower structure . Nitrogen fertilizers have 

been reported to affect the rutin content of buckwheat [38]. 

Therefore, it seems that the interaction of crop and 

environmental factors, along with the vegetative habit of 

the plant has been able to produce an acceptable percentage 

of rutin despite cultivation in summer. Correlation 

coefficients of trats showed that, flower rutin percent is 

significantly correlated with the grain yield (0.138). It can 

be concluded that the increase in the number of ears will 

lead to produce more flowers in the plant and as a result, 

flower rutin percent as well as the yield may be enhanced 

(Table 4). 

Leaf rutin percent (%) 

Investigating and analyzing the combined data suggested 

that leaf rutin percent is influenced by the year which has  

no significant interactions with the desired treatments, 

planting pattern, sowing date and the replication whereas it 

is significantly related to nitrogen fertilizer. Sowing date 

and planting pattern, sowing date and nitrogen fertilizer 

have no significant correlation while nitrogen fertilizer and 

planting pattern are significantly correlated. Nitrogen 

fertilizer and sowing date are meaningfully related while 

planting pattern is not significant (Table 2). According to 

(Table 3), regarding the third order interaction, the highest 

leaf rutin percent as 0.99% may be attributed to the 

treatment of P2D4N4. Results indicated that in the fourth 

sowing date, suitable temperature and day length increased 

the length of growing period and leaf area index. In the first 

and second sowing dates, high temperature caused the 

decrease of leaf rutin as compared to vegetative stages.  

In a study on wheat beech, they reported a significant 

difference in the amount of plant rutin in different areas of 

cultivation [10]. Rutin extraction and measurement in the 

plants obtained from different cultivations showed that the 

current rutin content of the leaves will be decreased as the 

weather gets warm and the day length increases so that the 

highest and lowest rates can be determined for the planting 

periods of March and July [39]. Through examining 

buckwheat rutin percent in different sowing dates, it has 

been reported that rutin percent in the sowing dates after 

summer is the half of that in summer ones. They proposed 

a positive correlation between the days of sowing date and 

rutin percent. The rutin content of the leaves was reported 

as 3417 mg per 100 g of leaf dry weight [34]. It is reported 

that this plant can be cultivated in the summer due to the 

resistance of buckwheat to heat [40]. In an experiment, the 

highest concentration of rutin on the leaves and then the 

inflorescence, stems and seeds were cut. Solidarity 

analysis shows that rutin synthesis of leaves leads to other 

parts of the plant. Therefore, improving the proper 

conditions of crop and food management, despite the effect 

of interaction with environmental factors, will play a 

significant role in increasing plant biomass and as a result, 

more photosynthesis and increase in secondary metabolites 

[41]. It was reported that planting rows of 12.5 cm with a 

density of 400 seeds per square meter are suitable due to 

the greater number of plants in the amount of rutin 

production of buckwheat leaves [42].

 

Table 3. Comparison of the means for grain yield and rutin percent 

Treatment 
grain yield 

(kg ha-1) 

Leaf rutin 

percent 

Stem rutin 

percent 

Flower rutin 

percent 

grain rutin 

percent 

P1D1N1 

 

1570.2 b 0.56 ef 0.06 lk 0.69 ih 0.001 kj 

P1D1N2 

 

150.3 b 0.55ef 0.08 ef 0.50 lm 0.004 ef 

P1D1N3 

 

1810 ab 0.59d 0.09 ef 0.42 po 0.005 ec 

P1D1N4 

 

1793 ad 0.30mk 0.04 on 0.42 po 0.005 ef 

P1D2N1 

 

857 fj 0.21mk 0.08  ij 0.99 c 0.002 ij 
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P1D2N2 

 

961.6f 0.33hk 0.05 ln 0.99 c 0.007 ba 

P1D2N3 

 

973.7 af 0.35 hi 0.03 ln 1.16 b 0.001 kj 

P1D2N4 

 

963.2 ef 0.32 jk 0.03 o 1.09 b 0.004 ef 

P1D3N1 

 

893.7 ej 0.15 ml 0.06 l j 0.35 pq 0.002 i j 

P1D3N2 

 

843.6 af 0.43 hf 0.07 lk 0.56 lm 

 

0.003 ef 

P1D3N3 

 

874 j 0.83 bc 0.9 ef 1.36a 0.004 ef 

P1D3N4 

 

857 ab 0.42 hf 0.08 ih 0.780 d 0.004 ef 

P1D4N1 

 

910 ej 0.92 ba 0.11 d 0.89 d 0.005 ec 

P1D4N2 

 

940.3 ej 0.49 ef 0.17 c 0.73 gh 0.007a 

P1D4N3 

 

990.3 hj 0.18 mk 0.19 b 0.66 ij 0.002 ij 

P1D4N4 

 

957 hj 0.93 ba 0.37 a 0.52 lm 0.001 k 

P2D1N1 

 

1112 bi 0.48 hf 0.04 ln 0.58 l j 0.003 if 

P2D1N2 

 

1315.7 bc 0.52ef 0.04 ln 0.46 no 0.004 ef 

P2D1N3 

 

1967 a 0.54 ef 0.05 lk 0.55 lm 0.006 bc 

P2D1N4 

 

1433.7 bc 0.24 mk 0.03 on 0.36 pq 0.004 ef 

P2D2N1 

 

9067 bi 0.22 mk 0.02 o 0.83 df 0.003 ef 

P2D2N2 

 

933.7 fj 0.31 jk 0.05 lk 0.86 de 0.003 ef 

P2D2N3 

 

893.7 bj 0.50 ef 0.06 ij 0.98 c 0.004 ef 

P2D2N4 

 

790 ch 0.31 jk 0.04 ln 0.92 dc 0.003 ef 

P2D3N1 

 

848 bh 0.15 m 0.05 l j 0.30 q 0.005 ef 

P2D3N2 

 

740 bf 0.41 hf 0.052 lk 0.27 q 0.004 ef 

P2D3N3 

 

760.3 ch 0.56 ef 0.10 ed 1.37 a 0.004 ef 

P2D3N4 

 

857 di 0.29 mk 0.30 mn 0.61 i j 0.006 bc 

P2D4N1 

 

922 fj 0.79 bc 0.93 ef 0.52 lm 0.003 ef 

P2D4N2 

 

957 cf 0.59 ed 

 

0.19 b 1.36 a 0.002 ij 

P2D4N3 979cf 978 cf 

 

 

0.09 ed 

 

0.19 b 

 

 

0.08 gf 

0.74 gf 

 

 

0.79 gf 

P2D4N4 825bh 0.99 a 0.02 o 0.87dg 0.001k 

Means with different letters in each column denoted statistically difference between treatments according to Duncan multiple range 

test (P < 0.05) P1 and P2 were planting treatment mounds with the width of 50 cm associated with two planting rows regarding the 

distance intervals of 20 cm and those with the width of 60 cm along with three planting rows which are of the distance intervals of 

15 cm. D1, D2, D3 and D4 were sowing date 20th June, 5th July, 20th July and 5th August. N1, N2, N3 and N4 were nitrogen 

treatments 0, 50, 100 and 150 kg ha-1. 

 

Results showed that the maximum yield of dry matters has 

been obtained from hot and long days. Flowers and leaves' 

rutin rates followed the same trend and the highest rutin 

rate computed as 5% was achieved from one of the 

cultivars during hot and long days [38]. The results, 

according to other researchers, show that planting dates in 

the summer, when the leaves are at their maximum growth, 

can increase the enzymatic activity of secondary 

metabolites. Establishing a general relationship between 

fine and gross production rates in this plant can lead us to 

gain the best accumulation and planting pattern with 

respect to the total leaf index specified as a criterion to 

measure photosynthesis and biomass production 

(including metabolic biomass i.e. optimum rutin 

production). In this respect, the planting pattern of P2 (60 

cm mounds with 3 rows and 15 cm distance intervals) may 

increase the eco-physiological relationships between the 

inputs and consequently, lead to the same results regarding 

the metabolic biomass production (rutin). In report, most 

rutin is accumulated in the upper leaves (0.08–0.10 mg/g 

dw) [43]. Omidbeigi and Zakizadeh (2002) studied the 

effects of different planting accumulations on vegetative 

and generative yield and rutin rates in the buckwheat plant, 

and found that the density of 33.3 plants per m2 had the 

highest rate of dry matter in the vegetative body while 

having the lowest rutin rate. However, the accumulation of 

100 plants per m2 showed the reversed results. It has been 

reported that in high densities, the amount of rutin in the 

organs of the buckwheat plant decreases [44]. It was 

reported that the percentage of rutin performance in 

buckwheat, raisins was higher in narrow planting rows 

[17]. 

Regarding the results of nitrogen fertilizer levels and leaf 

rutin percent, it may be seen that 150 kg of nitrogen can 

increase the vegetative sprouts on the branches and leaf 

production in the plant; in other words, the leaf rutin 

percent will be enhanced as compared to nitrogen 

treatments of 0, 50 and 100 kg (Figure 4). Maybe, high 
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nitrogen consuming and high temperature make reactions 

in the summer planting period. Wagenbreth et al (1996) 

reported the numbers of buckwheat and leaf rutin percent 

as 2 to 9 m gr at 100 gr of dry matter [45]. Marquard and 

Kroth (2001) found no significantly different relationships 

between nitrogen fertilizer and rutin percent in the 

buckwheat [46]. Honermier and Wagenbreth (2000) have 

seen the increase of rutin percent as 18 to 29 in the 

buckwheat using 0 to 90 kg ha-1 of nitrogen. Studying 7 

cultivars of buckwheat and 2 levels of nitrogen fertilizer, 

the highest leaf rutin percent was measured as 0.61% for 

the cultivar of aelita using 50 kg of nitrogen [47]. Kwang 

Jin Chang et al (2004) have examined 2 cultivars of 

buckwheat on 4 accumulations and 5 fertilizer levels in 

Korea and suggested that fertilizer levels are of the highest 

rutin as 1887 m gr relevant to 30×60 accumulation for 100 

gr of dry matter so that the highest rutin rates were 1839 

and 1934 m gr for 100 gr of dry matter without using the 

fertilizer [48]. In an experimental study, three planting 

arrangements 30×10 cm, 30 ×15 cm and 30×20 and the 

amount of N-P-K mixed fertilizers reported the best 

planting arrangement 30×10 cm and 35 kg nitrogen to 

increase the rutin content in buckwheat plants [17]. 

Correlation coefficients of plant traits have been 

demonstrated in (Table 4) as the leaf rutin percent has a 

positive correlation with the rutin rates of grain (0.06), 

flowers (0.13) while negatively correlated with the stem 

rutin percent (-0.09). Above correlations are the indicatives 

of plant rutin and its relationships with all the studied traits. 

Regarding the fact that the grain is the product of 

photosynthetic activities of vegetative organs especially 

leaves, high correlations of these qualities should be 

expected, and it indicates that in order to achieve higher 

yields, the plants having good chlorophyll development 

and appropriate vigor are required. 

 
Figure 4. Interaction of planting pattern and nitrogen 

fertilizer of flower rutin. 

 

Negative correlation of stem rutin percent suggests that 

more leaves (leaf to stem ratio), more stored dry matter in 

the leaves that results in the enhancement of leaf rutin 

percent as compared to the stem rutin percent. Besides, 

most of red light may be absorbed by the upper parts of 

each bush and the light absorbed by the lower ones 

considerably contain the wavelengths of blue and 

ultraviolet spectra. It is likely to increase the rutin rate of 

lamina in comparison with the stem. 

Stem rutin percent (%) 

Results of data combined analyses have indicated that stem 

rutin percent has been influenced by the year and there 

were interactions between the year and planting patterns. 

Among the treatments' interactions, sowing dates were 

significantly correlated with the planting pattern and 

nitrogen fertilizer while planting pattern was of a 

meaningful interaction with nitrogen fertilizer. 

Considering the treatments' relationships, nitrogen 

fertilizer, sowing dates and planting patterns were 

significantly related (Table 2).  As (Table 3) has already 

shown, the highest stem rutin percent was given as 0.37 mg 

at 100 g of dry matter relevant to the treatment of P1D4N4 

with regard to the third order interaction of treatments.  

This result suggests that the fourth sowing date was more 

suitable because of temperature balance between the 

vegetative activities and necessary enzymes. Regarding 

other sowing dates, high temperature, the increase of 

respiration and the decrease of photosynthesis have caused 

the reduction of stem diagonal and height as well as the 

storage capacity. It was reported that the date of planting 

did not affect the amount of rutin stem [49].  Due to the 

increase in growth in the conditions of the fourth planting 

date, which is the result of increasing the plant's 

metabolite, so secondary metabolites also increase Safe use 

of the stem. Therefore, in this study, planting dates have 

been effective in the rutin of the stem. It has been reported 

that the amount of rutin of the buckwheat plant is directly 

related to the height of the cultivation site and the rate of 

return is higher in low altitude and in higher temperature 

conditions [50]. In a report, the content of rutin in the 

buckwhaet was announced to be in the range of 3-6% of 

dry weight [51]. It was reported that the cultivated area and 

growth stages of the buckwheat plant affect the rutin 

percentage of plant organs [49].  Changing plant distances 

is used as a tool to increase or decrease plant densi  [15]. 

The best planting pattern has been introduced as the one 

which can be associated with the most appropriate bush 

distribution in order to achieve high rates of production and 

optimum use of existing inputs. In this regard, the planting 

pattern of P1 (50 cm mounds with two rows having the 

intervals of 20 cm) has been able to keep balance between 

the intakes and the formation of maximum leaf area index 

as a production unit which has consequently related to high 

number of stems, thicker ones and finally, high storage rate 

of rutin percent. Based on the report, most rutin were 

accumulated in the stem (0·004–0·01 mg/g dw) [52]. 
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Beside that report, growth conditions were effective in the 

percentage of rutine [26, 27]. They reported that at higher 

densities, the stems became narrower, resulting in less 

active material storage [53]. Planting date and planting 

density have been reported to have a significant effect on 

the rutin content of buckwheat [38]. Nitrogen is one of the 

most important elements in plant nutrition and is one of the 

components of many important compounds such as 

proteins, nucleic acids, some hormones, chlorophyll and 

other types of primary and secondary constituents of 

plants.  

Nitrogen is an essential element in increasing 

photosynthetic activity in plants, which in turn results in 

photosynthetic activity, an increase in primary metabolites, 

and consequently an increase in secondary metabolites. In 

this study, the use of 150 kg of plant nitrogen was able to 

have the highest amount of secondary (rutin) storage 

metabolites in the stem. Regarding the results of the 

nitrogen fertilizer levels and stem rutin percent, it could be 

found that the interaction between sowing dates and 

planting patterns using higher rates of nitrogen (150 kg) 

has been able to show their effects by increasing the stem 

rutin percent (Figure 5). Nitrogen fertilizers have been 

reported to affect the rutin content of buckwheat [22, 38].  

 

 
Figure 5. Interaction of planting pattern and nitrogen 

fertilizer of flower rutin. 

 

As the effects of nutrition on buckwheat rutin percent have 

been investigated, its rates were measured in a variety of 

cultivars [54]. It was stated that the relationship between 

nitrogen fertilizer and rutin percent in the buckwheat was 

not significant [46]. In the experimental study, the effect of 

chemical fertilizers mainly of nitrogen fertilizers on 

qualitative content and especially a little bit of rutin 

mixture were investigated and it was reported that when 

less nitrogen is added to the soil, the higher polyphenolic 

rutin value is observed [55]. Nitrogen consumption 

stimulates the growth of plants, increases the duration of 

growth and by increasing the photosynthetic level 

increases the amount of assimilates provided to the lateral 

buds, this factor stimulates the growth of lateral buds and 

branches adverse events will occur. It has been reported 

that high nitrogen consumption, due to increased 

vegetative growth and decreased lignin, increases the risk 

of plant Lodging and affects the amount of active 

ingredient [21].   According to a report, they reported the 

use of 50 kg of nitrogen for optimal buckwheat growth. 

Kwang Jin Chang et al (2004) have conducted a study on 

2 cultivars of buckwheat with 4 accumulations and 5 levels 

of fertilizer, and concluded that the highest rutin rate as 

1887 mg for 100 gr of dry matter might be relevant to the 

treatment of 30×60, and the highest rutin rates in 2 cultivars 

were 1839 and 1934 mg without using the fertilizer [48]. 

From the results obtained and other researchers, it can be 

stated that the interaction of all factors, including 

treatments and the environment, complicates complex 

relationships, which leads to new, usable and practical 

results. Corralation coefficient of plant traits indicated 

presented that stem rutin percent had a positive 

insignificant correlation with the grain yield (0.28). Above 

correlation showed that the increase in the yield indirectly 

influenced the increase of stem rutin (Table 4).  

Grain rutin percent (%) 

Grain rutin percent has been affected by the year, and the 

interaction of the year with the replication and planting 

patterns was not significant but the year and sowing dates 

and nitrogen fertilizer had significant relationships. 

Considering the interactions of treatments, nitrogen 

fertilizer had significant relationships with the planting 

patterns and sowing dates but the planting patterns and 

sowing dates were not meaningfully correlated. 

Considering the relationships between treatments, sowing 

dates and planting patterns were of meaningless 

relationships while nitrogen fertilizer was significantly 

correlated (Table 2). As (Table 3) has already shown, the 

highest stem rutin percent computed as 0.007 mg at 100 g 

of dry matter can be attributed to the treatment of P1D4N2.  

Planting date is one of the important factors in the 

performance of plant metabolites and the reason is the 

adaptation of plant phenological stages to suitable 

environmental conditions, in this regard, the type of plant 

growth conditions is also very effective. The plant is an 

unlimited growth. On the fourth planting date, it created an 

interaction that increased the rutine storage of seeds. 

Results have shown that the fourth sowing date along with 

the planting pattern of P1 (50 cm mounds with 2 planting 

rows and intervals of 20 cm) was the best choice for the 

plant vegetative conditions concerning the ecological, 

morphological and physiological aspects of the root for 

producing the maximum secondary metabolite (i.e. rutin) 

(Figure 6).  Planting date is one of the important factors in 

the amount of rutin in buckwheat and in addition to the 

environmental conditions governing the time and place of 

cultivation, the amount of rutin accumulation is related to 

the type and Variety of buckwheat No planting date [56]. 
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It is reported that the amount of rutin in bickwhaet seeds is 

in the range of 0.05 to 1.35 [57]. Reported Planting date 

and planting density have been reported to have a 

significant effect on the rutin content of buckwheat [38]. It 

has been reported that buckwheat sites affect the rutin 

percentage of rutin storage organs [10]. It has been 

reported that in all parts of the plant, the amount of rutin 

decreases with increasing plant age [41]. 

According to a report, the amount of seed rutin in 

buckwheat was less than other parts of the plant. [41,58]. 

Therefore, with the obtained result, it can be stated that the 

planting dates certainly play a significant role due to the 

change during the filing period and the amount of dry 

matter imported to the seeds. Therefore, the difference in 

the planting dates of this research Seed rutin is observed. 

Other researchers believed that the growth and 

environmental conditions along with the rutin extraction 

played the effective roles in varying the results of plant 

rutin percent [35]. Other researchers reported during seed 

ripening,  rutin concentrations, rutinosidase activity, and 

3GT activities  increased in seeds, also rutin  content in 

common and Tartary buckwheat seeds increased  after 

pollination and peaks in mature seeds (several days  after 

pollination) [59]. In a study to assess the resistance of 

wheat beech to environmental conditions, they reported 

that secondary metabolites produced in the plant increase 

plant resistance to adverse environmental conditions and 

therefore increase plant tolerance [11]. Based on the results 

of the researchers and the results of this research, it can be 

stated that in addition to the planting date, other factors 

such as plant growth habituation and interaction of other 

treatments and planting in summer (high temperature) have 

been effective in this experiment. 

The uniform planting of plants and the proper distribution 

of plants in the field due to the lack of competition in 

obtaining water and food and creating an identical shade 

for land cover, especially in summer cultivation where 

evaporation from the ground is high, can protect soil 

moisture content and transmission cycle the nutrients are 

very efficient. In reviewing the amount of seed rutine in 

planting arrangement according to plant growth pattern 

(Indeterminat) and short growth period in planting 

arrangement P1, suitable conditions have been considered 

for storing secondary metabolites in plant organs and 

subsequent water transfer to seeds in time. The stems are 

reported to be narrower at high densities in wheat raisin 

cultivation [53]. In an experiment based on planting rows 

and density in wheat beech, it was reported that among the 

planting rows of 25 cm with a density of 200 seeds and 

rows of 12.5 cm with 400 seeds per square meter, the 

highest percentage of plant rutine in different organs was 

related to row 25 cm [42]. Seong et al (1998) conducted a 

study on the sowing dates and different planting distances 

(rows' width) concerning the buckwheat and explained that 

regarding the grain yield of this plant on April 14th with 20 

cm planting distances, the rutin storages in the grains were 

not meaningfully influenced by the given treatments [60]. 

Chirstensen et al (2010) showed the maximum rutin 

percent as 1.1 to 0.3 mg [24]. According to various studies, 

the results on the grain rutin percent obtained by 

Chirstensen and his colleagues have been confirmed [61]. 

As reported, the grain rutin content of common buckwheat 

ranged between 5 and 58 mg/100 g dw [26]. 

 

 
Figure 6. Interaction of planting pattern and sowing 

date of grain rutin 

 

The use of nitrogen fertilizer is very important due to the 

conditions of this fertilizer and how to use the plants. In 

addition, cultivation in summer at higher temperatures 

doubles the importance of application and determining the 

required amount of its use. In examining the amount of 

seed rutine in the use of nitrogen as one of the important 

and essential nutrients, it is seen that the use of 50 kg of 

nitrogen has been able to increase photosynthetic and 

enzymatic activity of the plant and produce more active 

ingredient in seeds. It has been reported that the amount 

of rutin grain in buckwhaet is affected by nitrogen 

fertilizer and decreases with increasing nitrogen 

consumption of rutin grain [24]. It was reported that the 

use of 35 kg of nitrogen per hectare yields the highest rutin 

yield per grain [17]. The association between optimal 

nitrogen consumption with plant density and two-row 

planting arrangement in buckwheat has been reported [37, 

62]. Honermier and Wagenbreth (2000) have seen the 

increase of rutin percent as 18 to 29 % in the buckwheat 

using 0 to 90 Kg ha-1 of nitrogen [47]. Corralation 

coefficient of plant traits indicated the positive correlation 

between rutin percent and grain yield (0.482). The above 

correlations showed that if the total number of grains 

increased in the plant, the grain yield and grain rutin 

percent would be enhanced (Table 4). 

Table 4. Correlation analysis grain yield, leaf rutin, stem rutin, 

grain rutin and flower rutin 

Flower 

rutin 

Grain 

 rutin 

Stem 

rutin 

Leaf  

rutin 

Grain 

yield 
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    1 
Grain 

yield 

   1 0.26** 
Leaf  

rutin 

  1 -0.097n.s 0.288** Stem rutin 

 1 0.208** 0.061 n.s 0.482** 
Grain 

rutin 

1 -0.061 n.s 0.182* 0.130 n.s 0.138 n.s 
Flower 

rutin 

Ns, *, **. Non-significant, significant at level of p<0.05, 0.01, 

respectively 

 

Grain yield 

Combined analysis of variance of data showed that grain 

yield was not affected by the year. There were no 

interactions between the year and treatments, planting 

pattern, sowing date, nitrogen fertilizer and replications. 

Planting date and nitrogen fertilizer and planting pattern 

had significant relationships. Therefore, sowing date was 

significantly related with the planting pattern but it had no 

significant relationship with nitrogen fertilizer (Table 2). 

Interactions of three treatments indicated a difference at 

1% level so that the most grain yield as 1967 kg ha-1 was 

attributed to P2D1N3 (Table 3). The most important 

characteristic studied in this experiment was the yield, 

which in fact involved nearly all the conclusions since the 

yield components might be finally related to this factor. 

Like other plants, final yield of buckwheat would be 

influenced by a variety of environmental and internal 

factors.  

Many agricultural plants can prevent the severe decrease 

of yield by increasing the re-translocation of stored 

materials to the seeds as they face with an environmental 

tension. Potential of this retransfer introduced as an 

appropriate physiological index has been related to 

different elements such as genotype, nutrition and tension 

intensity. In other words, the plant depends on the materials 

stored in the aerial organs in such circumstances. 

Resources of assimilates for the maturity of seeds have 

been current photosynthesis, retransfer of assimilates 

stored in vegetative organs before the pollination and re-

motion of stored materials in vegetative organs after the 

pollination till the outset of seed linear growth that are 

generally called re-motion, retransfer and redistribution. 

Plants' yield in high temperature (summer) depends on all 

of these elements, especially the determination of suitable 

sowing date in order to specify carbon source and decrease 

the seeds' maturity period rather than the maturity speed. 

In this manner, the plants will be of high yield if they can 

significantly use the production elements and store more 

assimilates in their organs with regard to their growth 

conditions. In a test in Korea, the effect of planting time on 

growth and yield of buckwheat was investigated and 

reported that grain yield was 1190 kg ha-1 in spring and 

1580 kg ha-1 in summer [63]. Kalinova and Dadakova 

(2009) presented the yield of 1500 kg ha-1 for the 

buckwheat [64]. 

Therefore, grain yield in the first sowing date (D1) can be 

attributed to better vegetative growth, canopy expansion 

and more suitable use of solar light as well as high 

photosynthesis in vegetative stages followed by more 

stored materials for the retransfer of assimilates during the 

maturity period of grains (Figure 7). In a trial on the 

planting date of buckwhaet, the best planting date for late 

spring sowing was reported [65]. It has been reported that 

buckwheat is suitable for planting in summer [40]. It has 

also been reported that the resistance of beech plants is due 

to the presence of secondary metabolite compounds [11]. 

(Figure 8). Evaluating the yield of 5 cultivars in Italy, the 

highest yield computed as 2379 kg ha-1 was attributed to 

La Harpe [18]. The highest grain yield has been reported 

as 2699 kg ha-1 for VL-7 [66].  

 

 
Figure 7. Interaction of planting pattern and N 

fertilizer on grain yield 

 

 
Figure 8. Interaction of planting pattern and sowing 

date on grain yield 

 

Leaf area index and its distribution within the plant canopy 

were the main determinants of final light penetration into 

the plants that influenced photosynthesis, perspiration and 

accumulation of dry matters while being affected by the 

density and planting patterns. Plant yield was likely to be 

increased at the distance intervals between and on the rows 
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because each bush used more sunlight and available 

sources in such conditions and as a result, more inputs were 

provided for the plant and more materials entered the 

destination. By decreasing the mound width from 60 to 50 

cm and reducing the soil mass, soil situation would be more 

unfavorable for the plant growth and roots' expansion. On 

the other hand, one of its reasons might be the formation of 

thicker and more stable crust resulting from the severe 

evaporation during the summer planting period. Moreover, 

using the environmental sources, especially light in the 

dense planting pattern was fewer and consequently, the 

total yield would be decreased due to the low leaf area 

index and delayed establishment of plant vegetation. 

Considering the fixed density in the planting pattern of P2, 

the bush distribution on the mounds with the width of 60 

cm in 3 rows with the distance intervals of 15 cm could 

decrease the internal species contest and enhance the share 

of each plant to absorb the light, water and nutrition from 

the roots as compared to the mounds with the width of 50 

cm in 2 rows with the distance intervals of 20 cm. Also, 

increasing the yield of plants between and on the rows was 

because of the fact that each phant used more sunlight and 

available sources in this situation. It has been reported that 

double-row planting in arid and semi-arid regions results 

in optimal nitrogen fertilizer consumption [37]. 

Considering the fact that increasing the amount of nitrogen 

fertilizer stimulated the vegetative growth and decreased 

the generative period and in summer, temperature effects 

accelerated the plant activities (reduction of vegetative and 

reproductive periods), the interaction of nitrogen fertilizer, 

planting date and plant growth type caused that using 100 

kg N ha-1, the plant was able to achieve the suitable leaf 

area index and the grains received more shares of 

photosynthetic materials. In the treatments of 0 and 50 kg 

of nitrogen, the plant did not obtain the favorable LAI and 

more photosynthesis, and as a result, biomass was 

produced before reaching the maturity of grains. 

When plants were cultivated in the rows, their internal 

contest would be increased due to the plant morphological 

changes and increase of resources' number. Brunori et al 

(2005) examined 5 cultivars of buckwheat with 300 phant 

per square meter, the planting pattern having the 25 cm 

rows and 15 kg N and found a negative correlation between 

the yield and the harvest index [18]. In one study, 

buckwheat yield was reported to be 2170 kg ha-1 with 50 

kg of nitrogen [67]. It has been reported that the yield of 

buckwheat in the use of 120 kg of nitrogen is 2200 kg ha-1 

[62]. According to a report, they reported the use of 50 kg 

of nitrogen for optimal buckwheat growth [68]. The 

highest grain yield was reported with the use of 20 kg of 

nitrogen for wheat beech [69]. The correlation coefficients 

of studied traits and demonstrates that the grain yield had 

positive and significant correlations with leaf rutin percent 

(0.26), stem (0.28), seed (0.48), flower rutin percent (0.13) 

(Table 4). Above correlations indicated the importance of 

yield and its relationship with the studied attributes. Since 

the effective material namely rutin may be regarded as a 

flavonoid compound and is more likely to be of 

fundamental application in the molecular structure as 

sugar, every factor leads to the increase in the openness 

duration of stomata existing in the plant leaves so that the 

production of carbohydrates and consequently, the yield 

and rutin rates will be increased. 

CONCLUSIONS 

What agriculture science is responsible for is to produce 

more high quality products in order to supply the increased 

population thereby eradicating food poverty and hunger. 

Considering that, cereal has been combined with our life 

and has been recognized as the most consumed food 

product in all countries worldwide. Role of buckwheat 

plant beside the cereal is very significant in order to meet 

the needs and shortage of food, and improve the quality 

value and healthy food. The increased need for food leads 

to consider this plant in the agriculture system worldwide 

while respecting the food health and security. According to 

the results of this study, the use of this plant is just for grain 

consumption, and the first planting date (June 20th), 

planting pattern (P2) with the width of 60 cm along with 

three planting rows which are of the distance intervals of 

15 cm (using Cereal sowing machine), and 100 kg 

nitrogen, are recommended. Overall, if the goal is using 

plant material to produce active ingredient (rutin) only as a 

medicinal plant for the extraction rutin plant, the fourth 

sowing date (August 5), planting pattern (P1) with the 

width of 50 cm along with two planting rows which are of 

the distance intervals of 20cm (using Planting with two-

row working machine) and 100 kg nitrogen, are 

recommended. Therefore, buckwheat with nutritional 

characteristics, adaptation, good yield and as a new 

medicinal plant can enter the cultivation patterns in 

different regions of the world as a commercial source of 

rutin and a functional food.  
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