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Abstract Apple cultivation has special requirements for climatic conditions. The period from May to August is a key period for apple growth.

During this period, extreme weather occurs frequently, such as extreme high temperature, strong wind, hail, and floods. This paper introduced

these extreme weathers and came up with some corresponding management measures.
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1 Introduction

Some studies have shown that the climatic conditions directly de-
termine the yield and quality of apple cultivation'"’. According to
the study of Pu Jinyong, the increase in temperature accelerated
the aging rate of fruit trees to some extent and shortened the years
of apples during the best fruiting period”’. In the case of the high
temperature,, the florescence would come earlier in Yan’an and
western part of Weibei; as a result, it is more likely to suffer from
frost damage during the florescence'’. In view of these, we intro-
duced these extreme weathers and came up with some correspond-

ing management measures.

2 Months and typical cases of bad weathers

2.1 Strong wind and hail Strong wind and hail often occur in
May and June. On May 12, 2018, 38 counties in Hebei Province
suffered strong wind. The maximum instantaneous wind speed in
Raoyang reached 32.2 m/s (grade 11), and eight counties (cit-
ies, districts ) suffered hail. In Shijiazhuang, hail disaster oc-
curred mainly in Shijiazhuang downtown, Zhengding, Pingshan,
and Gaocheng, the hail diameter was 0.4 —1.2 cm, and the fruit
damage rate of some apple orchards in northern part of Shiji-
azhuang was up to 90% . Huining Town, Huangsi Town, Beixi-
aozhuang Town, and Nanshimen Town in Xingtai County suffered
serious hail damage, most of the orchards were destroyed by the
hail.

2.2 Hot and dry weathers

in June and July. In June 2010, the central and southern areas of

Hot and dry weathers often occur

Hebei Province experienced a continuous high temperature above
40°C. This bad weather mainly occurred in central Baoding, large
part of Shijiazhuang, most areas of Xingtai and the central part of
Handan. More than 40 counties and cities were affected. Among
them, the temperature in Xingtai County was up to 42.3°C, and
that in Shijiazhuang was 41.7°C, and the ground surface tempera-
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ture reached 72°C. Due to the high temperature and dry weather,
the apple sunscald disease occurred in most of counties and cities
in Hebei. Shijiazhuang Comprehensive Experimental Station of the
National Apple Industry Technology System carried out a survey of
22 orchards in 6 counties and cities of Xingtang County, Shiji-
azhuang City, Shenzhou City, Xinji City, Xingtai City and
Handan City in the central and southern areas of Hebei Province,
and found that the fruits of all orchards suffered different degrees
of sunscald symptoms. Among the 22 orchards surveyed, 20 or-
chards adopted fruit bagging, 17 orchards took excellent manage-
ment measures and the sunscald rate was only 3% - 5% , while
four orchards with poor management had the sunscald rate up to
8% and the disease spot was large ; one orchard did not adopt fruit
bagging, and its sunscald rate was 3%.

2.3 Heavy rainfall Heavy rainfall often occurs in July and
August. On July 18 =20, 2016, an unprecedented torrential rain
occurred in Hebei. Due to its wide range, high intensity and high
peak, torrents of water rush down the mountain, some villages
and farmlands were flooded. The apple producing areas in Hebei
also suffered different degrees of losses. From 12:00 of July 18 to
20:00 of July 20, the central and southern areas of Hebei Prov-
ince suffered extra torrential rain since 1996, and the rainfall in
Handan, Xingtai, and Shijiazhuang exceeded 500 nm, and that
in 399 towns exceeded 100 mm, 58 towns exceeded 250 mm,
and the largest rainfall in Taoquan Township in Cixian County of
Handan City exceeded 630 mm. The torrential rain caused severe
damage to the orchards in the Taihang Mountain area in Handan
and Xingtai and western Shijiazhuang. The survey results showed
that the orchards at the Hetao and the foot of the mountain were
seriously damaged. Some orchards were washed away, and roots
of some orchard were washed away or exposed. July and August
of every year are the second flower bud differentiation period of
apple trees and the fruit expansion period of mid-late ripe varie-
ties. If there is high temperature and rain in this period, the soil
moisture in the orchard is too high, it will lead to poor ventila-

tion, and accordingly inhibit the growth and absorption of roots.
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After rain, the high soil and air humidity contributes to the oc-
currence of leaf and root diseases.

3 Post-disaster management measures

Apart from setting up hail prevention nets for orchards prone to
hail, providing frames for areas vulnerable to strong winds, and
digging drainage ditches for areas having frequent rains, it is nec-
essary to take following post-disaster management measures.

3.1 Post-disaster management measures for strong winds
and hail

3.1.1

trees blown down by strong winds in the orchards, set up pillars as

It is recommended to promptly clean up and straighten up

necessary, to prevent shaking or blowing down again. For the bran-
ches that have been blown by the wind, it is required to promptly
trim; for young trees, it is required to set up pillar to tie the main
branch. Besides, it is recommended to remove residual branches,
fallen leaves and fruits, gather them together and deeply bury or
burn, to prevent widespread of plant diseases and insect pests.
3.1.2 It is necessary to remove the hail that has not been thawed
in the garden. After the hail disaster, the tree body growth bal-
ance and the reasonable distribution of branches are broken. It is
recommended to sort out and cut off broken and injured branches,
keep leaves as much as possible, to restore the tree growth as soon
as possible.

3.1.3 Praying pesticide for protection. The hail disaster causes
a large number of wounds on the fruit tree, and the bacteria will
easily invade through the wounds. Therefore, immediately after
the hail disaster, it is recommended to spray protective agents for
general prevention and protection. The protective agents mainly
include 500 — 800 times 75% chlorothalonil solution, 1 000 times
70% carbendazim solution, 1 000 times 80% mancozeb solution.
Fruit trees can also be sprayed with 800 times 70% thiophanate-
methyl solution or 10% poly-mycin. The seriously damaged or-
chards can be sprayed once every 10 — 15 d, and 0. 3% potassium
dihydrogen phosphate is added to supplement the nutrients every
time. This period coincides with aphid occurrence period, it is
recommended to spray fruit trees with fungicide and imidacloprid.
During spraying, it is required to ensure to spray the whole tree,
pay attention to the injured branches. When finding rotten parts,
remove the disease spot first, then apply Guokangbao or Fubiqing
agent to protect. In this period, it is required to focus on restoring
the tree growth, so the concentration of agents should not be too
high, to prevent pesticide damage. After the recovery of the tree
body, it is recommended to spray 2 000 times 2. 5% cyfluthrin so-
lution, or 2 000 times 25% chlorfenapyr solution, or 4 000 times
2.0% quercetin solution, to control apple Lithocolletis ringoniella
Mats, spider mites, twospotted spider mites, Stephanitis nashi Es-
aki et Takeya, Didesmococcus koreanus Borchsenius and other
pests.

3.1.4 Topdressing in time. In the disaster affected orchards, the
leaves are incomplete and the photosynthetic area is reduced.
Therefore, it is recommended to conduct topdressing one time.

The mature tree plants can be applied with 1.5 kg of diammonium

phosphate + 0.6 kg of ternary compound fertilizer, small trees
may be applied with less fertilizer accordingly. Besides, every
10 d, it is recommended to apply 0. 3% potassium dihydrogen
phosphate + 0.3% urea.

3.1.5
to loosen the soil and improve the soil permeability.
3.2 Measures for preventing sunscald

3.2.1

harden the roots and tree growth. If tree body is well nourished

Intertillage. After the disaster, it is necessary to intertill

It is recommended to strengthen the fertilizer and water,

and has many branches and leaves, it will play a natural protective
role for fruit trees. Therefore, it is required to strengthen the water
and fertilizer management, supplement the nutrients of tree body
and improve the protective ability of tree body.

3.2.2 Spraying water in the midsummer. It is recommended to
spray proper amount of water on fruit leaves according to the
growth of the trees in midsummer, to improve the microclimate in
the orchards and reduce the incidence of sunscald. For orchards
that bagging is not carried in time, the bagging time can be appro-
priately postponed to avoid the hot season. It is preferred to carry
out bagging at the end of June or in the beginning of July, water
one time 3 =5 d before bagging. Besides, bagging should be car-
ried out on sunny days at 9:00 —16:00, should not be carried out
in the morning or evening when there is dew.

3.2.3 Picking the sick fruits. It is necessary to pick the sick fruits
with serious sunscald, to reduce the nutrient loss of tree body.

3.3 Management measures after floods

3.3.1 Prompt drainage. After heavy rain, it is recommended to
dig temporary ditches to drain the accumulated water as soon as
possible, to keep stable relative soil humidity of orchards.

3.3.2 Tree body management. It is recommended to promptly
clean up and straighten up trees blown down by strong winds in the
orchards, set up pillars as necessary, to prevent shaking or blo-
wing down again. For the branches that have been blown by the
wind, it is required to promptly trim; for young trees, it is re-
quired to set up pillar to tie the main branch. For the sand and
sludge in the rhizosphere, it is recommended to remove in time,
and improve the soil for bare roots. Besides, it is recommended to
push aside the soil of rhizome and thick roots to dry the roots.
Combined with summer pruning, it is recommended to improve the
ventilation and light transmission conditions of the canopy, in-
crease the photosynthetic efficiency of the leaves, and increases
nutrient accumulation.

3.3.3 Soil management. It is recommended to promptly plough
the tree tray or the whole orchards, to disperse the soil moisture,
improve the soil aeration conditions to facilitate soil microbial ac-
tivity, restore root development and promote new root growth.
3.3.4 Water and fertilizer management. Combined with ploug-
hing, it is recommended to increase the nitrogen, phosphorus
and potassium fertilizers. Besides, it is recommended to spray fo-
liar fertilizer, to facilitate the restoration of tree growth. It is fea-
sible to apply fertilizers such as superphosphate, potassium di-
hydrogen phosphate, ammonium phosphate, and photosynthetic
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micro-fertilizers.

3.3.5 Prevention and control of diseases and insect pests. After
the rain, pesticide spraying should be even and careful, and the
pesticides should be sprayed to protect the trees, preserve the fruit
and protect the leaf once according to the actual situation to pre-
vent the spread of diseases and insect pests. In this period, the
pesticide spraying can be combined with 1 000 times of pesticide
spreading agent to prevent rain washing and improve the control
effect. Commonly used agents include triadimefon, chlorothalonil,
carbendazim, methyl thiophanate and etc. When finding rotten
parts, remove the disease spot first, then apply Guokangbao or
Fubiqing agent to protect. In addition, it is recommended to spray
2 000 times 2.5% cyfluthrin solution, or 2 000 times 25% chlor-
fenapyr solution, or 4 000 times 2.0% quercetin solution, to con-
trol apple Lithocolletis ringoniella Mats, spider mites, twospotted
spider mites, Stephanitis nashi Esaki et Takeya, Didesmococcus

koreanus Borchsenius and other pests.

4 Conclusions
Adaptability is a key factor affecting adaptive behavior decision-

making of farmers in climatic changes. The quality of management

of apple orchards directly determines the yield of apple. It is recom-
mended to provide technical training, promotion and application for
apple growers, raise the overall technical level of apple growers, to

promote farmers to actively deal with the climatic changes.
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