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Abstract: Walnut is one of the most important nut crops in the world, and ranks first in all kinds of nut
species in terms of growing area and total yield. Walnut with high nutritional value has occupied the
first place in the world in both growing area and yield in China, and has significantly social, economic
and ecological benefits. In addition, walnut also has significant environmental protection and ecological
value, and plays an important role in national strategy of returning farmland to forest in China. Walnut
varieties with excellent comprehensive characteristics are the basis of the walnut industry. For a long
time, the walnut yield per unit in China is lower and the quality is poor. One of the main reasons is the
low popularity of excellent varieties, which seriously restrict the further improvement of walnut yield
and quality. So, this article reviews the progress in walnut variety breeding in recent years, in order to
provide reference for walnut scientific research, production and application in the future. High yield,
early fruiting, as well as good quality and stress resistance are the main objectives of walnut breeding,
which are affected by the density of fruiting branches, the number of female flowers, fruit setting rate
and nut size. China is rich in wild walnut resources, and cross breeding is an important way to improve
walnut yield and quality. As there are the same chromosome number and similar genetic background
among various walnut species, different walnut varieties had been used in cross breeding to develop
more walnut varieties. Walnut cross breeding in China began in the middle and late 1960s. In 1990, the

Ministry of Forestry approved 16 new early-fruiting walnut cultivars, which have become the principal
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varieties to be popularized in China. In the breeding of walnut, the comprehensive scoring method is the
most commonly used. Its main focus is to weight-score the main economic traits such as kernel yield,
nut weight and high yield that affect the quality of walnut, and select the best one according to the com-
prehensive score, but the weight of each trait is indeed very subjective. After years of development, prin-
cipal component analysis and the comprehensive index method have also been widely used in the selec-
tion of improved varieties of walnut. As early as the early 1950s, Wuhan Botanical Garden introduced
many walnut varieties and types from the United States, the former Soviet Union and some Eastern Eu-
ropean countries. Since then, major walnut research and teaching units in China have widely carried out
the introduction of exceptional varieties, and successively introduced excellent walnut varieties from
abroad. In recent years, with the rapid development of China’s walnut industry, excellent walnut variet-
ies have been introduced and planted frequently among provinces, which have greatly promoted the
popularization of excellent varieties. China has made some achievements in walnut breeding. All locali-
ties have made full use of local walnut germplasm resources and cultivated many excellent walnut vari-
eties. However, how to further cultivate new varieties with early bearing, high yield, strong stress resis-
tance and better nut quality is still an important goal of walnut breeding in the future. Compared with
developed countries, there are still three problems in walnut breeding in China. 1) The breeding goals
need to be adjusted to change the previous standard of only pursuing kernel yield and reducing shell
thickness, and the breeding of medium thick shell varieties is the mainstream of industrial development
in the future. 2) Strengthen the breeding of disease-resistant varieties by molecular biology. At present,
existing walnut varieties have no resistance to major diseases, resulting in a significant reduction in
yield in disease epidemic years and the benefits of walnut industry. 3) Development and utilization of
characteristic resources are far from meeting the needs of industrial development, and there is an urgent
need to carry out in-depth work. With the improvement of people's living standards, the deepening un-
derstanding of walnut nutritional and health value and medical efficacy, as well as the development and
utilization of walnut series products, the demand for walnuts will continue to rise, and higher require-
ments are put forward for the quality of walnuts. Looking forward to the future, the field of walnut vari-
ety breeding will show the following trends. 1) Medium thick shell varieties are popular for the require-
ments of industrial mechanization. 2) The development and utilization of resources should be deepened,
so0 as to cultivate dual-purpose varieties to serve industrial development, and cultivate characteristic va-
rieties to meet the diversified requirements of consumers. 3) Molecular biology should be applied to as-
sist in the breeding of new varieties and help traditional technologies to improve breeding efficiency.
4) More attention should be paid to the research on germplasm resources and a good foundation should
be laid for the breeding of new varieties. Therefore, we should attach great importance to the scientific
research on the development and utilization of germplasm resources when cultivating and selecting im-
proved varieties, so as to cultivate excellent varieties that adapt to the future trend of simplified tech-
niques for walnut production, and promote the sustainable development of China’s walnut industry.
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Table 1 The early-fruit walnut varieties from breeding

firstling in China

Fre o a4
Number Variety Source of parent
1 Ty 7 AE B ZE O B 0 SO bR 1010387 5 2K
Liaoning No. 1 Mkt S8k 11001
Changli thin- skinned walnut10103 x Zhipi

walnut11001
2 i 861 ik A AL
Jing861 Xinjiang walnut
3 ks S T 9-11-12>11 9-11-15 G2k [ 11y P 4 B 7 5

Zhonglin No. 5 ##ksE 4 i)
Jian9211212xJian9211215(From Shanxi)

4 T RS G (RIDP] 5559 5

Xiangling Shangsong No.5 (early-fruiting) x Aksu No.9
5 £ IR TS

Lvbo Xinjiang walnut
6 LT3 T b B B2 K B2 ARSI PR 10103 > 5B 4%

Liaoning No. 3 Mkt S8k 11001
Changli thin- skinned walnut 10103 x Xinji-
ang walnut11001

7 #.343 R AR 2B & 924 I
Zha 343 Institute of Forestry, Xinjiang Academy of
Forestry
8 bkl T 9-7-3 CHL52 5 1L P A8 E D > ¥y BH & 7~ (I

Zhonglin No. 1 SZ; 1P %y BHD
Jian92723 (early- fruiting ; Qixian) x Fenyang
chuanzi(late fruiting; Fenyang)

9 185 BT S S O HEVEL (Y
Wenl185 Xinjiang Wensu Kakazi
10 uras L7 S BH RBRAZ B (I 52 ) < 7 B4R B Ak

Liaoning No. 4 (.51
Liaoning Chaoyang- dama (Late fruiting) x
Xinjiang walnut11001 Cearly-fruiting)

ok B R R Bk S
Shanguang KakazixShangsong No.6
12 FE RS S (BRI <RI #5 95
Fenghui Shangsong No. 5(early-fruiting) < Aksu No. 9
13 B E HrEEmRE LAF w2
Xinzaofeng Xinjiang Wensu Tumuxiuke township
14 ikl 5 Btk X L B A AZ Bk SE AR i
Xifu No. 1 Shanxi Fufeng-genian walnut
15 Fibk2 5 EE 2 Oee e
Xilin No. 2 Xinjiang walnut
16 Betz 15 B L B A% Bk 44 -5 BER TR
Shanhe No. 1~ Shanxi Fufeng-genian walnut No.44
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Table 2 The walnut varieties from breeding in China

AR ) W B A FEh
Varieties Breeder Breeding institution Parents Year
& K3 IR R T T e NORSES TH S 2001
Luxiang Zhang Meiyong Shandong Institute of Pomology Shangsong No.6xXinjiang early-fruiting walnut
=R TR = B A ML AN R = B SR BT R A Bk 2001
Yunxi series Fang Wenliang Yunan Academy of Forestry and Grassland Yunnan thin-skinned walnutxXinjiang walnut
90301.90303 B 0 A ROl R R A =B R 13 2002
90301.90303 Fan Zhiyuan Yunan Academy of Forestry and Grassland Santai walnutxXinzao No.13
&F 3K H IR R T T LR6 ST 5 2003
Lufeng Zhang Meiyong Shandong Institute of Pomology Shangsong No.6xAksu No.9
f5# (S ] L AR A8 R BIELT U5 ER 2003
Daixiang Zhang Meiyong Shandong Institute of Pomology Liaohe No.lxXiangling
Jotk BENTRE EH%k I ZR 48 Ml B 24 TE B TLFEXRET ) 2007
Yuanlin Hou Liqun.Wang Junyi Shandong Academy of Forestry YuanfengxChandler
niELS T3 M AL R b Z AT T HSRZ <SR bk 2012
Yunhui No.1 Yu Fei Institute Horticulture, Yunnan Academy of Xinjiang walnutxJulans sigillata

Agricultural Sciences
BT AR W1 7R A8 SRR AP HALPE BRI SR A A 2012
Luguo No.9 Xiang Kun Shandong Institute of Pomology Early-fruting walnut
e AR rhE AR AR FE e MBI ST BRI T BAZ Bk 2013
Zhongningqiang  Zhang Junpei Research Institute of Forestry Chinese Juglans majorxLuoning walnut

Academy of Forestry
KA G T JEHT AR ARELZE B AL R T BT BERxLHi345 2015
Meixiang Hao Yanbin IFP, Beijing Academy of Agriculture and XianglingxYunxin No.34

Forestry Sciences
TiRAL RAAE S AE MR TRZHSHT IR IZ 2015
Xueninghong Zhang Zhongxiang Guizhou Academy of Forestry Julans sigillataxXinjiang walnut
w15 S5 TR B Beks % <k s %5 2018
Luohe No.1 Ma Guanyang Luoyang Academy of Agriculture and Forestry =~ PedroxZhonglin No.5

Sciences

kil fvEE AR A MOl RR AR FE e BEER 2018
Lujin Sun Chao Shandong Academy of Forestry Liixiang* Xiangling
a2 T AR AR B 3y i 54 2021

Lumian No.2

Wang Cuiuxiang

Shandong Academy of Forestry

JizhuanmianxXiangling

Bk E Pt RIS 4G T 1948 4F , i W1 Chandler  How- WAAE, NSRS T 1340 D IRACHE &R, 2 5 i@ i i
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ham %52,
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Table 3 Hybrid varieties published abroad in recent years

(b 2R) WFE 3 CRALD SRAME Fh
Varieties Breeder Parents Year
Milotai kesei Institute for Agricultural Quality Control , Hungary Milotai 10xAlsoszentivani 117 2003
Robert Livermore University of California Davis, USA UC86-11xHoward 2004
Sexton University of California Davis, USA UC85-8xChandler 2004
Gillet University of California Davis, USA UC76-80%xChico 2004
Forde University of California Davis, USA UC61-25%Chic 2004
Milotai botermo Institute for Agricultural Quality Control, Hungary Milotai 10xAlsoszentivani 117 2004
DIRILIS K Kahramanmaras Sutcu Imam Univ, Turkey PedroxMaras, 18 2018
15 TEMMUZ Kahramanmaras Sutcu Imam Univ, Turkey PedroxMaras, 18 2018
Ourania Institute of Plant Breeding and Genetic Resources , Greece HartleyxGustine 2020
Helete Gunesi Kahramanmaras Sutcu Imam Univ, Turkey Maras 18xChandler 2021
Leto Institute of Plant Breeding and Genetic Resources, Greece GustinexPedro 2021

R D RS, R R A SR, 52 R 15 mm
uﬁﬁtzm%uhamzﬁ%uh&t&
B, KRR, B R 10 g LA BB AE T30 100 4
u‘F[IGJO

B EAZ Ak AR TAE IR 4R T 20 tH 42 60 4E4R
H 20 20 80 AR LLK , S AL Bk 7= 5 IR 5L 5
() [ 5 A5 (GB 7907—1987) 1, & 1 F Fl 3= & 1)
o IR BT YR AT T R S AR R AR, R F H 84 AT
an R, P R B 4 [ 32 AR AL, R = TR E
&%%%%Wﬁ%ﬁﬁﬁﬁmmaﬁwiﬂ@ﬁ
TR B HES VR P, X 2e Az R A DL AL S
PR %, 1 B SUARTILE R A 4 SR BHOIR | 4 5
Fo =M 5T BT AR R AT T, HAP A R
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Bl A A% Bk e AR 1 P oy T R R AT T R B AT .

BRI IR B IR R B 0 AT 7 3.8~21.1 g, (-l = A AT
7F 1.85~9.8 g, A~ % N 32.6%~63.8% , g i &5 B A
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TR E I, 3R 4 i LA [ b s A i R 1R 1
Y Ui
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1) FE R Bk ot b 51 32
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Table 4 Main varieties obtained in recent

years from seedling selection overseas

G ) B (D AR gy
Varieties Breeder Parents Year
Maras 18 Kahramanmaras Sutcu Imam Univ, Turkey Selection by seedling 2009
Sutyemez 1 Kahramanmaras Sutcu Imam Univ, Turkey Selection by seedling 2009
Kaman 1 Kahramanmaras Sutcu Imam Univ, Turkey Selection by seedling 2010
Sava University of Ljubljana, Slovenia Persian walnut 2013
Krka University of Ljubljana, Slovenia Persian walnut 2013
Maras 12 Kahramanmaras Sutcu Imam Univ, Turkey Selection by seedling 2016
Persia Horticultural Sciences Research Institute , Iran Selection by seedling 2019
Caspian Horticultural Sciences Research Institute, Iran Selection by seedling 2019
Chaldoran Horticultural Sciences Research Institute, Iran Selection by seedling 2019
Alvand Horticultural Sciences Research Institute, Iran Selection by seedling 2019
BD6 National Agricultural Research Center, Hungary Selection by seedling 2019
Esterhazy kesei National Agricultural Research Center, Hungary Selection by seedling 2022
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Table 5 The walnut varieties from abroad in China

(i ) G CRALD AR 4
Varieties Introduceder Source Year
22 T TR, SO B, AN FERR T, BT, A AR g R AL A B 1982
Franquette , Marbo, Enreke , Vina Serrento, Lopoc, Parisiana Shanxi Agricultural University Italy

157 Qingxiang AR HEE X1 Rongting H 7% Japan 1983
REG TS, S KA, AR, JRE ) Eyebe| *H 1984
Tehama, Amigo, Pedro, Chandler XI Shengke USA
FELLIEIR , ZELLIE IR 44 WA, R A0 65, 7 K ZE L PG4 BRAL A g % e 1996
Sibisel precoce, Sibisel 44 Orastia, Geoagiu65 , Germisara Shanxi Academy of Forestry Sciences Romania

5 E A= #%k Robert Livermore [ 76 &% KA 7] Shaanxi Shanda Company [ USA 2017

AR A A B » i 78 7 X e e K 2 i
DACE R MR BB QEAEBE) . 7RIS AR Sk
H s AR L T IR Al AR R X
77 R 45 SR AT 14 MG S SR A bk B SBR[ 5 4 A ) 7
ES N IR SR L i

20 120 50 AR, b UMLK 27 B VCRE B 8- S
ARSI AL RO X RS . Atk 5, REVFZ A6

TFa6 51 MR SEAZ AL , 5 HiUAH 9k A HE S A AR 2
T E T B A SAERE R R R, W
(0 238~ L AR A AR 38 < o 78 Rl B ] e 1) 7 5%
A, BEAE BRI b AR TE 5 e, AR L R
e A B 2 18R B 51 RO RS, R K e ik 1A R
et o ) R 5
W T,

[ P & i ) R i e R SR

L9 152, 9k 1553 1554 %
BUZ Ak OFRAZ AR BT AL AZ D

P 1T 5 B ERERZ R GEAZHED 6. i 4 5 (BEET i M) 7. 5 8. 754 9. RELA~:10.

1. Liaoning 1; 2. Zhonglin 1; 3. Xiangling; 4. Jinlong 1; 5. Ludiandama (J. sig/lata Dode); 6. Zhonghe 4 (Fresh food varieties); 7. Chandler (From

oversea); 8. Qingxiang (From oversea); 9. Rober livemore (From oversea); 10. Antique walnut (J. hopeiensis Hu).
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Fig.1 Domestic main varieties and distinctive characteristics of walnut varieties
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