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SUMMARY

Chapter 1 Introduction )

Chinese apple (Malus domestica Borkh. subsp. chinesis Li Y. N.), which was named
Nai in ancient time, had been cultivated in China for about 2000 years. It was gradually sub-
stituted since the introduction of European apple (M. domestica Borkh. ) cultivars in 1871. A
lot of new cultivars developed by China breeding program had been extended in the produc-
tion area since 1950’s. The genetic resources in Malus is very rich in China, which has 23
species, especially 12 species in the Palaeo Continent between Sichuan and Yunnan Province.

The policy of apple cultivation in China was to plant them in impoverished soil and not
to scramble for the land of grains and cotton. Apple production was becoming a key industry
for the economic development in the vast area of mountains, hills and infertile sand beach-
es. The income from apple occupied about 30%~50% in the agricultural gross revenue in
some part of main apple production area. In the same time, apple production also had pro-
moted the development of relative industry, such as food processing, package, storage and
handing. So, planting apple was to be one of main method that local government help peas-
ants shake off poverty and build up a fortune. In 1995, the apple total yield in China reached
14010t.

Since 1949, apple production in China had experienced three phases:

1. Three-year restoration Chinese government took a policy of resting and building up
with streﬁgth—exgmption from income tax, providing means of production, and protection
and cditrol of plant diseases and pests. This made tree grow vigorously and fruit farmer full
of production confidence. -~

2. During first high tides of apple production (1950~1960) The old apple produ:ti_g)n
bases, such as South of Liashing, Peninsula of Shandong and North of Hebei, were
strengthened and improved. Ei?ﬁig the same stage, the government did his best to support
the construction of a new base, éuch as the Old Course of the Yellow River, Northern Foot
of Qinling Mountains and Bordér Reglon of Northwest. The total apple production in China
was up to 2. 975X 10%. From }Wto 1961, apple cultivation area and production went down
quickly. But from 1962 apple production continued to develop, and in 1972, cultivation area
and production arrived individually to 4. 58 X10° hm? and 8. 603X 10°%.

3. The construction of commodity base and change of cultivars Consumer began to pay
more attention to fruit quality along with the development of market. In 1973, the produc-
tion bases of high quality apple were set up in the area of the Bohai Bay, Northwest Plateau
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and Southwest Highland, which was suitable to product high quality apple. Selection of good
strains from sport mutation and introduction of fine cultivars from outside into the nation
were launched. All the cultivars in prodiction were completely changed. In 1990, the fine
apple cultivars occupied about 75% in the production area of Shandong, Hebei, Shanxi ,

Henan, Liaonig and Shaanxi Province.

Chapter 2 Origins and eveolution of Malus

The cultivated apple in China was classified to two kinds: Chinese apple and European
apple from Europe, North America or Japan. Both of them differ from each other not only in
the economic traits but also in the physiology and biochemistry.

Chinese apple originated from M. sieversii (Ledeb. ) Roem.in the Autonomous Region
of Xinjiang of China. M. sieversii distribute all over vast Yili valley and Huocheng basin of
China, and Alamutu Mountains of Kazakhstan 20X 10° years ago. There was a lot of wild
forestry in the Yili of Xingjiang up to now. It was investigated that there were 16 ecotypes in
Xingyan County and 28 in Gongliu County. The biggest fruit was five to six centimeters in
diameter among more than 40 ecotypes, which were the base of artificial.

The scientific basis that Chinese apple originated from M. sieversii was identical to the
same center of geological distribution, likeness of morphology, same chromosome number
(2n=2x=234), globular shape of pollen and consistence of peroxidase isozymers.

Vavilov (1935) Ponomarenko (1991) and Li (1988) studied the origins of European ap-
ple (M. domestica) and reported that it originated from M. sieversii, which grew in the
Mountains of Middle Asia. They believed that it hybridized with M. orientalis and
M. sylvestris when it disseminated to the Western, got some germplasma from them and fi-
nally formed the secondary center of Western Europe. So, its germplasma was more compli-
cated than Chinese apple. Its varieties had polyploid in chromosome (2n=2x, 3x, 4x), and
characteristics of pollen morphology of M sylvestris and M. orientalis.

Chapter 3 The histos® of apple cultivation.

“Nai” was the general name of Malus plant grown in China in ancient time, but origiﬁal-
ly meant big beautiful fruit one of Chinese apple (Mian apple) . The written character was
first seen in the book of SH:Q%&LIN FU (125~118B. C. ,by Sima Xiangru, A rhymed prose
of Shangli garden) . The remaini?r_lg trace of Chinese apple, found from the soil in the site of
Niya, Minfeng County, Autotibmous Region of Xingjiang, demonstrated that it had been
widely cultivated in this area. f*ﬁ‘aeafter, the book of QIMIN YAOSHU (533~544 A.C. , by
Jiasi Xie, Fruit tree culture and fruit process were recorded in Vol. 4) further described the
characteristics, culture technology, and processing of different cultivars. In the same time,
it also reflected that cultivation area of Chinese apple gradually moved from the West to the
East. At the end of 1500 A. C., large fruit type of “ Nai” was first called apple in the book
of XUEPU ZASHU (1587 A. C. ,by Wang Shimao,culture technique of melon and fruit was
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recorded in Vol. 2).

The cultivars or species of cultivated apple varied a lot day by day as the culture area
was enlarged and hybridization naturally occurred between species of Malus. From 1600, the
name of “Nai” became the joint name of small fruit type of Malus. After that, it also became
the general term of other small round fruits.

“Shaguo” (M. asiatica ) was recorded later than “Nai”, named “Linqin” in ancient
time. It was original in north China. Its fruit was sweeter and smaller than Chinese apple. It
was recorded after 300 A. C. and had been widely cultured in China. There were two types
of the cultivars of “Shaguo”, one was called “Huahong” or “Miguo” and its fruit was sweet
in flavor, oblate in shape, vertical in stem; other was “Suanguozi” or “Waibasuan”, and its
fruit was sour in flavor, a little bit leaning in shape and aslant in stem. Moreover, there
were some types locally called “Binzi”, “Hulabin” . Its fruit was sour and puckery in flavor,
oblong in shape, and dark red in colour. The flesh was yellow.

“Haitang” was one of flowering crabapples in old Chinese agriculture books. There were
little amount of cultivation of M. spectabilis and M. halliana. It was in 1871 that European
crab apple was introduced into China, the commercial production of crap apple began to
work. .

NEVIUS J. L. first introduced thirteen apple cultivars from USA to Yantai in 1871. Af-
ter that, some was from Germany to Qingdao in 1897, some from Britain to Weihai, and
some from Russia and Japan to Dalian and Lushun. Peninsula of Shandong and South of
Liaoning became the birthplace of production of European apple in China until the first half
of 20® century. Moreover, at the first of this century, Xingjiang got some Ukraine and
Russia’s cultivars from Kazakhstan; some apple seedlings were introduced into Batang in
Sichuan by American missionary and some cultivars was introduced into Chengdu and
Maowei in Sichuan by Canadian.

Small scale of apple cultivar production was formed in the basin of Chengdu. Some Eu-
ropearr and Amerlcan cultivars were introduced into Kunming and Lasa by France and
Britain, but they failed. Some gglleges in Jiangsu had introduced American and Japan’s culti-
vars but only did experiments with them. In summary, During more than half century*from
1871 to 1949 there were almost European apple cultivars introduced into our country, but

-only 20 cultivars were used m:ﬁe industry. Besides Liaoning and Shandong had a large scale

of -production, Xinjiang, Hebei and Beijing only had a little-amount cultivation.
Rt

Chapter 4 Descriptﬁﬁof species

A COLLECTION OF PLANT PICTURE, edited by Wu Jijun and TAXONOMY OF
CHINESE TREES edited by Chen Yong (1939) were-earlier book of Chinese scientific clas-
sification of Malus. They belonged to the category of natural botany classification. Yu Dejun
(1956) using the framework of Rehder A. advanced that Malus in China had 23 species, 5
subsection and 3 section in his book of CLASSIFICATION SYSTEM OF CHINESE
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Malus. He also formulated the classification retrieval system. The great progress had been
made for the classification of Malus in the field of enzymology cytology. Pollen-morphogene-
sis since 1970’s. Li Yunong et al put forward a new theory of botany classification of Malus
in China: (1) Some “species” differed greatly in traits or morphology and should be referred
as the original species of multi-type and called subspecies, varieties or forma. (2) According
to ecology, some species, which had no model sample and wildly dispersed region, should be
classified individually with wild species. The former should be classified by Pomology and
the later by nature. The wild species were divided into 13 species, 7 subsection, 3 section;
the cultivated had 7 subspecies, 7 species, and had no subsection and section. Malus in Chi-
na included 26 species, such as apple, Chinese apple, crabapple etc. were recapituted. The

list of 16 species introduced and 6 new species was included.

Chapter 5 Area of cultivated apple in China

Historically , apple production area was divided into three part: old region of small ap-
ple, Chinese apple and crabapple in Xingjiang and Gansu; the region of small apple resistant
to cold in Heilongjiang » Jilin, the North of Liaoning and Inner Mongolia; the region of Euro-
pean apple in the Peninsula of Shandong and Liaoning Province. The area of European apple
increased quickly from 1950’s. Now the apple production of China could be divided into 6-
production region according to its production level and condition.

1. Northeast small fruit region It was mainly composed of Heilongjiang and Jilin
Province, also included the north of Liaoning, Inner Mongolia and Xinjiang. The mean an-
nual temperature was 6~8C , the mean temperature in the coldest month was less than
—12°C and the effective accumulated annual temperature was 2200~ 3200C. In the same
place, reptant was needed even for the apple most resistant to cold. The main cultivars were
Jinhong, Beiguang, Qiuhong, Huangtaiping, Daqiuguo and et al. It occupied 2. 5% of apple
cultivation area and less than 1% of all the production in China.

2% Northwest production region It mainly included the high latitude of Yellow River. It
was mostly 8~10C of mean a#hual temperature and less than —10C of mean month tem-
perature in January. It was mild in summer and most more than 3000°C of annual effectxve
accumulated temperature. It-rained a little and was about 250~400 mm of precipitation. Ap-
ple had low production per unﬁrea, but high quality in fruit. There were some Chinese ap-
ple and M. asiatica. At the f1rst?when European apple was introduced it often suffered from
cold and shoot damage, but 1f: increased rapidly in mild climate area (Shanxi) and Shaanxi
became the second apple pro&?ﬂlon region of china, which occupied 12.5% of cultivation
area and 27. 3% of production in all China.

3. Bohai Bay production region It mainly consisted of Shandong and South of Liaon-
ing, including Hebei, Beijing and Tianjing. Its climate was more mild with 8~12C of mean
annual temperature. In the north part of this region, winter was cold and cold damage some-

times occurred in apple. The accumulated effective temperature was high and rainfall was
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medium. In the south or coastal area, late-in-summer and autumn cultivars colourred diffi-
culty. Cultivars had been renewed several times but now the leading cultivars were Red Fuji,
Starkrimson and Redchief. Farmers in this region have rich experience and advanced technol-
ogy in apple production. Production was high and sometimes arrived to 20~25 t/hm?. It oc-
cupied 45. 8% of the area and 55. 3% of production in all China.

4. Middle China production area It was from 35°%f north latitude to the Huai River
and Qinling Mountains, from the east Lianyungang, Jiangsu to the west Baoji, Shaanxi,
which belonged to the barren area of “Old Yellow River” . It has high air temperature, full
of rain, high effective accumulated temperature and minor sunlight. Apple tree grew fast,
formed shape quickly and bumpered easily in the early stage. After 1970’s, Fuji became top
one cultivar. It occupied 16. 5% of gross area, 14. 8% of gross production and was third re-
gion of apple production.

5. Southwest highland production region It consisted of the plateau of Yunnan-
Guizhou-Sichuan and the valley of Xizang. The apple production was carried out at the lati-
tude of 1500~3500 m by using vertical change of climate in the high mountains. The mean
annual temperature was 8~17°C, mostly 10~12°C. The low temperature in January was e-
nough for the dormance of apple. Rainfull was abundant. It was best place for the produc-
tion of high quality apple. Golden Delicious, Red Delicious and Ralls were its main cultivars.
The production and area were a little bit more than Northeast region.

6. Warm zone production region It consisted of some parts of provinces along the low-
middle reaches of the Yangtze River. The mean annual air temperature was higher than 15°C
and rainfall was more than 1000 mm. The accumulated temperature was high but the sun-
light was minor. The apple production in this region had experienced various vicissitudes.
There were only a little production in Sichuan basin and the mountains of Fujian, Zhejiang
and Hubei (the latitude was more than 600~800 m) . The main cultivars were earlier one,
such as Liaofu, Tongmu-1, and Anna.

Chapter 6 Characteristics of cultivated apple

The height of cultivated apple trees was about 3~6 m. Flower bud mostly on the t:)p‘of
shoot and axillary flower buddérmed on the shoot of vigorous tree or just starting-fruiting
tree. Polymorphism existed &%}y in fruit size, shape, colour, flavor and et al. The ripe
time of fruit was from June to Ngyember. )

The characteristics and adaptablity of apple roots depended on the factors of soils, root-
stocks etc. The roots were dig i‘ ted over soil in the depth of 80~300 cm, pH 5~7.5 of
soil was suitable to root growth. There were two to three growing peaks of roots in one year
and some difference in the time gap existed between top and deep soil. The more the growing
roots, the more vigorous the tree grew. When fibrous roots occupied a dominant position,
the tree grew in the golden mean stage.

The beginning of initiation of flower bud had a close relationship with the slow stage of
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vegetative growth in the same year. Although the initiation of flower buds started early or
late, the most of them arrived to the stage of initiation of primordial pistil when dormancy
began in December. The nutrient level of flower bud was effected by the length of differenti-
ation progress. The flower, which first formed and was in the middle, had high quality and
good fruit-setting. Only minor of cultivars, such as Anna, Qiguan and Danxia, had a ability
of self-fertility; some, such as Ralls, Indo and White Winter Banana, had a ability of mutu-
allY—crossing between plants. All others need to suitable pollinators.

Apple phenophase was from south to north, from east to west in China and was con-
trolled by local effective accumulated temperature. The fruit maturity started at 10°C of effi-
cient accumulated day temperature. The mean annual temperature at 7~14'C was suitable
for apple growth and development. If mean month temperature in January was less than —
12°C, it was north boundary. If the mean day temperature was more than 26 C in the warm
production region, it was no good to the initiation of flower bud. If the night temperature
was more than 18°C and sunshine time in a month was less than 150h. , it did not benefit to

the formation of red colour.

Chapter 7 Apple culture technology and other scientific achievements

Propagation of apple via the methods of mound layering or division of suckers was
adapted in the first stage. But now grafting was mainly method of apple propagation. Bud-
ding was the usual methods of propagating trees in the nursery. Among them, budding with
xylem was more efficient and could carried on for a long time during seasons. Clonal root-
stocks still were propagated with layering. The methods getting rid of virus were employed
to obtain the nursery stocks with no latent virus and improve the stock quality. According
government policy saving the grain field, the orchards were most established in the land of
hills, mountains and infertile sand. It occupied more than 60% of total land. The method of
soil and water maintenance in the region of mountains and hills was to build the terrace field,
dig fish-scale pits and trench, and plant tree on the contour. The density was 4~5m X5~
6m in the region of mountains, Sm X 6m in the sand soil of river bank. For the clonal root-
stocks or spur-type varieties, It was mainly about 2~3m X 3~4m. -

In the past, clean tillage.and planting other crops between rows in the young orchard
was widely used as method of;_géit,.—panagement. Since 1980, in the most orchards, especially

? covering with plastic film, storing water with dens

for ‘young trees, the methods such as
had been inforced to save waters- For bearing orchard, mulching (a depth of at least 20 cm of
straw, hay, sawdust) had bes&ed beneath the trees. It benefited for the orchard to in-
crease the moisture-holding capacity and prevent soil from erosion. The system planting
green manure crop in the row was used in sandy orchard to improve the soil structure and
conserve moisture.

The base manure mainly consisted of organic fertilizer, a little bit nitrogen and phospho-

rus. It took up the half of fertilizer used in all year. The proportion of N; P,Os: K,O was
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2:1:2o0r2:1:3. The mount of nitrogen fertilizer was about 0. 5 kg for each young-bear-
ing tree and was 1~1.5 kg for each heavy-bearing tree. Moreover, During growing season
nitrogen fertilizer was sprayed to leaves to increase the accumulation of supplement of stor-
age nutrition. For irrigation, methods of two-bucket-water-carried-on-a-shoulder-pole and
surface flooding were gradually substituted for trickle and spray irrigation.

Rich experience in the apple training was obtained during a long research and practice.
Modified leader, cross and funnel-shed system were abandoned in the apple training system.
In 1960’s, natural semicircle and leader-loose layer system were created for standard fruit
tree. The principle of training was low trunk, less scaffold and enough limbs on different
layers. Trees on dwarf rootstocks adopted the system of spindle and loose layers of small
canopy. After the pruning technology experienced the stages from simple to complex and
from complex to simple, the methods opening angle of scaffolds, keeping more limbs, sum-
mer training, were applied for young trees. Sometimes It was necessary to use girdling and
growth regulators to regulate the relationship of growth and bearing, and solve the alternate
bearing. The artificial flower thinning was the efficient method to promote the development
of flower sexual organ and enhance fruit-setting.

After the above agriculture technology was comprehensively utilized to apple production
region, it was that 3-year formed flower, 5-years tree bore fruits and 25~30 ton/hm? fruit
was achieved in adult tree orchard every year. Since 1970, besides the measures for keeping
high and stable yield, the efficient methods of production of high quality apple were ob-
tained. These included: using more organic fertilizer, phosphorus and potassium fertilizers;
control of bearing; application of plant regulator; adequate harvest; improving storage by u-
tilization of theory of two-dimensional dynamic controlled atmosphere storage (TDCA); de-
veloping cooling CA storage, MA storage in earth-based cave and freezing storage, and facil-
ities under consideration of loca} conditions.

A lot of pests and diseases injured apple trees. In 1990, there are 117 kinds of disease
and 700 kinds of ‘pests in all the production area. In this record, more than 10 kinds of dis-
eases and 16 kinds of pests wereatlescribed, and the list of name of some other diseases and
pests was included. o

As apple production was improved and developed, scientific research also continually ex-
pz;nded and went deep. Bemdes'% above written scientific achlevements , there were still a
lot of others, such as; .

1. Research and mvestzgatzdﬁ af Sruit germplasma resources Fruit resources were widely
investigated all China. A grand% of wild apple forest was found in Yili, Xinjiang. A lot
of existed in the wild forest of Malus hupehensis in the Mountains of Holy Farmer Skeleton,
Hubei Province. There were also several new species found in Sichun, Yunan and Gansu.
The national apple germplasma repository was established in 1983, which collected and
maintained 527 types. The study on the resistance to cold, disease, waterlogging and
drought were widely developed.
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2. Genetics and breeding The breeding by sexual hybridization was first carried out in
1950°s. By now there were about one hundred of program working on the breeding and 200
new cultivars were published. In 1970, selection of bud mutation was conducted on large
scale and 60 sprouts was found and identified. Moreover, the great progress was made in ra-
diation breeding, young embryo, leaves and anther culture. Some breeding program studied
the genetic law of traits of offspring of hybrid. These traits included fruit size, colour,
sweetness, sour, fragrance, ability of resistance to cold and diseases.

3. Ecology and regional assignment First the relationship between the distribution of
production area and ecology condition was studied, and ecology condition suitable to growth
and commercial production was proposed. Second the effects of ecology difference of distri-
bution on apple tissue composition and friut economic traits were studied. It was suggested
that the apple production and rootstocks should have a suitable place.

4. Plant biochemistry and physiology It was widely included. Parts of achievements of
the basic study on the characteristics of roots growth, the law of photosynthesis change and
usage of solar energy, distribution and transportation of nutrients, nutrition element diagno-

sis and flower-bud formation were written in this records.

Chapter 8 Rootstocks

Resources of apple rootstocks included seedling, clonal and new breeding rootstocks.
Seedling rootstocks indicated plants of Malus that originated in China. In this book, Twenty
kinds of rootstocks were recorded for their growth and adaptability of roots, growth and
bearing, and distribution in all production area.

The introduction of clonal rootstocks started in 1960’s and extension began in the middle
of 1970’s. Most of them were used as interstock. Among them, M,; was the best and widely
applied in all production area. As to the rootstocks resistant to cold and aphid, there were
only a few of experiments and they were not yet extended in production. Moreover, the
strains of P., B., O., MAC and CG were also introduced and under experiments.

Selection of rootstock in Clitna began in 1960°s and hybridization breeding was followed.
The rootstocks were identified and certificated as follow: Jinong 63-2-9 and GM-256; S‘hz;nxi
§zo and Sg; Zhengguo 75-9-5#sCX; and CX,; SHy, and SH,; Liaoguo 77-34; Qingnong 75-7-
1 and Xingshan 16. There w;e%.raalso other 10 strains tabled in this book.

Chapter 9 Cultivars™ ?

Apple cultivars were diviﬁnto three parts; original in China, bred in China and intro-
duced from abroad into China. ,

1. The cultivars original in China (1) Section of Chinese apple: Group of Chinese Mian
apple cultivars; Group of Xiangguo cultivars; Xinjiang local cultivars and type. (2) Section
of M. asiatica Nakai: Red Shaguo cultivars; White Shaguo Cultivars; Binzi cultivars. (3)

Section of others: Flat top cultivars; Pin top cultivars.



