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Abstract Quinoa is rich in nutrients and has high economic value, which attracts people’s attention. Given that the quinoa has not yet been

planted in the low-altitude Central and Southern Hebei plain, we used the quinoa seeds from five different habitats in China to conduct a plant-

ing test under different date of seeding in the low-altitude Central and Southern Hebei plain, and obtained the comprehensive data about the

phenophase and agronomic traits of quinoa in this region. The test results showed that the grain quinoa should not be planted in Central and

Southern Hebei plain, the limiting factors were identified, and a new way for local development of vegetable quinoa was found.
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1 Introduction

Quinoa ( Cheuopodium quinoa) , is a flowering plant in the ama-
ranth family, and a herbaceous annual plant grown as a grain crop
primarily for its edible seeds. Quinoa originated in the Andean re-
gion of Peru, Bolivia, Ecuador, Colombia and Chile, with 5 000
years of cultivation history. It is the main traditional food for the

Inca indigenous population and is called the '

"mother of grain" by
the Incas.

Quinoa has high and full nutritional value, and as one of the
most promising crops, it is known as " nutritional gold", " super
grain" , "space food" , and " future food". National Aeronautics
and Space Administration (NASA) regards the quinoa as one of
the ideal foods for the astronauts in long-term space missions.
Food and Agricultural Organization of the United Nations (FAO)
believes that quinoa is the only perfect food to meet the body need
for all the essential nutrients, and 2013 is identified as " Interna-
tional Year of Quinoa". At present, it is grown in Xinjiang,
Tibet, Gansu, Ningxia, Qinghai, Inner Mongolia, Shanxi and
other high cold plateau regions in China, but it has not yet been
planted in the plain areas of North China.

In this study, we introduced the quinoa for the first time to
the plain areas in Central and Southern Hebei for planting experi-
ment, and through the different seeding date test, we studied the
phenophase and agronomic traits of quinoa in the Central and
Southern Hebei plain areas, as well as the growth of quinoa in
Central and Southern Hebei plain, in order to provide a theoretical

basis for the quinoa cultivation in the low-altitude plain areas.

2 Materials and methods
2.1 Test materials Variety A (QAS5, Crop Institute of Chi-
nese Academy of Agricultural Sciences); Variety B ( MYSQ-1,
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Gansu Academy of Agricultural Sciences); Variety C ( Jiaqi
No. 1, Shanxi Jiaqgi Quinoa Co. , Ltd. ); Variety D (HTI, Ori-
ental Broad Group) ; Variety E (Ningxiabai).

The test site ( 114.6° E,
37.9° N) is located in Qiema Town, Luancheng District, Shiji-

azhuang City, it is in the southern sloping plain in front of eastern

2.2 Overview of the test site

Taihang Mountains, consisting of southern alluvial fan of Hutuo
River, northern alluvial fan of Huaisha River, and the depression
in the fan, with an altitude of 51 to 65 m. The terrain is flat with
small undulations.

The city’s average temperature is 13.3 —15. 0°C, and the
maximum temperature in 2016 was 37.8 —39.8°C. The annual ac-
cumulated temperature is 4 400°C ; the average annual rainfall is
474.0 mm; the average annual frost-free period is 205 d; the total
annual sunshine time is 2 521.9 h; the average annual total a-
mount of solar radiation is 125.438 kCal/cm.

2.3 Experimental design The pilot test was conducted in Qie-
ma Town, Luancheng District, Shijiazhuang City during 2016 —
2017, and it was sown at different stages.

On April 12, it was sown at the first stage, one stage at an
interval of 15 days, a total of 4 stages, with 3 replications. Based
on the randomized block design, the artificial drill planting mode
was used, with seeding depth of 2 =3 cm, plot area of 2 m x
10 m, and spacing of 50 cm.

The determination indices included sowing date, seedling
date, branching date, initial pistil stage, grain filling stage, matu-
rity stage, plant height, plant type, main spike length, number of
branches, diameter of the main ears, number of spikelets, pest in-
cidence, lodging and so on.
2.4 Field management

plot was cleaned, the soil was scarified, the soil was leveled and

(1) Preparation before sowing. The

the soil moisture was preserved.

(i1) Sowing. The drilling was generally adopted for the or-
ganic quinoa cultivation. The spacing was 50 c¢m, and the seeds
should not be buried too deeply, usually 2 cm deep.

(iii) Thinning. The thinning was conducted when the seedlings
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grew to one inch, and the spacing was maintained at about 25 cm.

(iv) Fertilization. Before sowing quinoa, 10 000 kg/ha ma-
nure and 200 kg/ha compound fertilizer were applied as the basal
fertilizer for quinoa growth.

(v) Dressing. After the emergence of quinoa, when the qui-
noa seedlings grew to 5 —7 true leaves, the intertillage weeding and
the topdressing of human and livestock manure were conducted.

(i) Cultivation and earthing up. When the quinoa seedlings
reached 5 — 7 true leaves, the intertillage weeding was done and
the earthing up was also carried out at the same time, to prevent
the late plant lodging.

(vii) Irrigation. The quinoa feared flood and drought, and it
was necessary to pay particular attention to the soil moisture, and
conduct timely watering during drought.

(viii) Disease prevention and pest control. The pests were dom-

inated by the soil pests during the seedling period, and the borer harm

Table 1 The phenophase of 5 quinoa varieties

was serious after the branching period. The systemic insecticides were
sprayed , but there was little effect, because the quinoa stem lignifica-
tion made the borer difficult to be killed in the late period.

3 Results and analysis
3.1 Phenophase

seeding-stage test, the 5 quinoa varieties could grow normally dur-

As it can be seen from Table 1, in the four-

ing the emergence, branching, pollination and early grain filling
periods, but in the later period, the heavy rain and high tempera-
ture made the grain all slowly rotten, with no harvest.

It can be seen from this experiment that quinoa could realize
normal emergence, flowering, pollination and early filling in Cen-
tral and Southern Hebei plain. However, in early August, the
high air humidity, and high temperature caused mildewed ears,

and the already filled grain became shriveled.

Variety Date of seeding//m-d  Emergence date // m-d Branching // m-d Initial pistil stage//m-d  Grain formation//m-d  Rotten period // m-d
A 4-15 4-29 5-22 6-23 7-4 8-9
4-30 5-13 6-4 7-4 7-16 8-15
5-15 5-26 6-16 7-15 7-25 8-16
5-30 6-10 6-29 7-27 8-9 8 -20
B 4-15 4-30 5-23 6-24 7-4 8 -8
4-30 5-13 6-5 7-5 7-16 8-14
5-15 5-27 6-17 7-16 7-25 8-16
5-30 6-10 6-29 7-26 8-10 8-19
C 4-15 4-29 5-21 6-22 7-2 8-10
4-30 5-13 6-3 7-2 7-15 8-14
5-15 5-26 6-15 7-12 7-23 8-16
5-30 6-10 6-28 7-25 8-8 8-19
D 4-15 5-1 5-23 6-24 7-5 8-10
4-30 5-14 6-5 7-4 7-16 8-15
5-15 5-28 6-17 7-17 7-26 8-17
5-30 6-11 6-29 7-28 8-10 8 -20
E 4-15 4-30 5-22 6-24 7-5 8 -11
4-30 5-13 6-3 7-5 7-16 8-16
5-15 5-26 6-15 7-17 7-26 8-19
5-30 6-10 6-28 7-26 8-10 8-21

3.2 The agronomic traits of varieties As can be seen from
Table 2, both the plant height and main spike length of the early
sown quinoa were greater than those of the late sown quinoa, and
the number of branches of the early sown quinoa was large.

The diameter of main spike was also related to the date of see-
ding, the number of quinoa spikelets had little to do with the date
of seeding, and the borer incidence decreased with the delayed
date of seeding.

The lodging rate of the early sown quinoa was high, because
the early sown quinoa generally had large biomass; at the same
time, the early sown quinoa was heavily damaged by the borer,
leading to high lodging rate after heavy rains.

The plant type of Variety E was loose, and the borer inci-
dence and lodging rate of Variety E were significantly lower than

those of other varieties sown in the same period.

4 Conclusions and discussions

(i) The quinoa could realize the normal pollination in the Central
and Southern Hebei plain, and the grain filling was normal at the
early stage. Therefore, the hot weather combined with high humid-
ity in the late period of filling might be the main cause of quinoa
crop failure. The test results showed that it was not suitable for
planting quinoa in the Central and Southern Hebei plain.

(i1) The quinoa grain can not be harvested in the Central and
Southern Hebei plain, but the normal emergence and growth could
be realized. According to the test, it is found that the quinoa sown
about 60 days, has rich nutrients, and can be used for cooking,
with a refreshing taste. The biological production is also impres-
sive, the yield can reach 1 000 kg per mu in one season, and it
can be grown for three seasons.
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Table 2 The agronomic traits of 5 quinoa varieties
Variety Date of Plant Plant Number of The main branch Main ear Number of Lodging Borer
* seeding// m-d height // cm type branches spike length //cm diameter // cm spikelets rate // % incidence // %
A 4-15 135.35 Compact 22.86 46.73 12.38 229.81 89.45 71.54
4-30 132.23 Compact 22.22 46.23 11.82 230.74 83.82 67.86
5-15 130.58 Compact 21.95 45.31 11.94 230. 15 78.71 59.95
5 =30 130.42 Compact 21.34 44.98 11.72 229.58 72.69 48.85
B 4-15 168. 82 Compact 21.51 51.82 14.95 297.84 91.93 75.52
4-30 167.61 Compact 20.87 51.21 14.31 298.57 84.85 69.69
5-15 165. 86 Compact 20.24 50. 68 14.12 296.83 79.58 58.25
5-30 163.12 Compact 20.19 49.98 13.87 295.47 76.92 52.59
C 4-15 174.82 Compact 24.22 60.92 14.15 309. 82 93.89 68. 85
4-30 171.52 Compact 23.87 58.13 14. 11 308. 46 85.82 67.66
5-15 172.67 Compact 23.97 59.16 14.21 307.86 81.54 52.95
5-30 170. 82 Compact 23.14 57.91 13.82 309.27 85.65 49.56
D 4-15 170.74 Compact 22.65 81.26 16. 14 297.59 89.85 67.82
4-30 172.51 Compact 21.97 82.73 15.73 296.94 88.54 68.69
5-15 169. 82 Compact 21.67 80.96 15.16 295.98 79.95 53.54
5-30 168.34 Compact 21.74 80.15 14.38 296. 12 77.52 55.98
E 4-15 186.92 Loose 24.87 44.31 11.92 345.82 70.51 68.54
4-30 185.72 Loose 24.58 43.86 11.37 341.54 68. 12 62.42
5-15 183.85 Loose 23.88 42.98 10.96 339.71 66. 13 59.82
5-30 184.71 Loose 24.41 43.41 10.84 338.56 66.98 51.13

Note : in different sowing period, the yield of varieties A, B, C, D, and E was zero.

The next step of our research team is to take the vegetable qui-
noa breeding and cultivation measures as the research direction.
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5.3 Ornamental plant matching analysis
flower plants account for about 35% , colored foliage plants ac-

The ornamental

count for about 23% , and fruit-effect plants account for about
17% . The existing plant species is abundant, and we can appro-
priately increase the types and quantity of colored foliage plants,
to enrich the landscape diversity of the park and the beautification
effect brought by seasonal changes, so that the plant arrangement
is more abundant in the park.

5.4 Shortcomings of plant arrangement and recommenda-
tions There are few plant species in Binjiang Park, and the sea-
sonal changes are not obvious enough. In the plant arrangement, it
lacks landscape levels, and the configuration mode is slightly single
and weak. It is suggested to increase the plant species, enrich plant
landscape, and create changes in different spatial environments. At
the same time, we can use different trees, shrubs and grasses for
rational arrangement, and allocation of trees and shrubs. Based on
the local cultural characteristics of Jingzhou, we can select the n-
ative tree species for cultivation with local characteristics. At the
same lime, it is necessary to pay attention to the perfect combina-

Chinese) .
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tion of the park landscape design and plant design, not just plant
cultivation. It is proposed to strengthen the park’s plant manage-
ment and conservation, and pruning in a timely manner, to ensure
the overall ornamental feature of the park plant landscape.

In general, the plant arrangement of Binjiang Park needs to
be improved, so as to create an agreeable pleasant environment for
people to relax and better play the role of park in the city.
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