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Integrated assessment of excellent walnut strains (varieties) with timber-

nut-dual-purpose
REN Yanhua', LIU Hanxiao', SHU Xiuge', YANG Lei', DU Congyan’, YUAN Xiaolei’, LIU Binghua',
ZHAO Dengchao'’, HOU Liqun"

(‘Shandong Academy of Forestry, Jinan 250014, Shandong, China; ’College of Forestry, Shandong Agricultural University, Tai’ an
271018, Shandong, China; *Jizhou District Forestry Industry Development Service Center, Jizhou 301900, Tianjin, China)

Abstract: [Objective] To expedite the selection of the breeding of new walnut varieties suitable for
both timber and fruit uses in China, this study initially screened over 5000 seedlings, followed by fur-
ther selection to identify 15 excellent walnut strains (varieties). Through long-term monitoring and com-
prehensive evaluation of tree growth parameters and nut quality traits, excellent walnut strains (variet-
ies) were identified, providing foundational germplasm and scientific support for timber-nut-dual-pur-
pose walnut breeding. [Methods] This study established a 10-mu (approx. 0.67 hectares) experimental
orchard on the Yellow River alluvial plain in Liaocheng municipality, Shandong Province. A random-
ized block design was employed. 15 walnut strains grafted on Jizhaomian rootstock were used as the
test materials, and cultivars Qinglin (QL), Xiangling (XL) and Qingxiang (QX), served as the controls.
Among the excellent walnut strains, HL-1, HL-2 and HL-3 were derived from common walnut (Juglans
regia L.) seedlings, while HL-4 to HL-15 were selected from QL seedlings. Orchard management fol-
lowed the established models and complied with relevant national standards. Measured parameters in-
cluded tree structural characteristics (tree height, diameter at breast height, and basal diameter) and nut

traits (external morphological features and internal quality indicators such as protein, fatty acid and ami-

W#m B #A:2025-08-14 %% HH#1:2025-10-27
EHEWA : W RE H SR (2024LZGC025) 5 th AR A ML FHEIFFEBE S R 73 5 (K'Y 1J2025-10) 5 Hh sk 5] S 17 RHOR B T H
(YDZX2023033) ; 5 i i+ KA AR (™ ML R 8115 H
TEB BN AT, o, TR, W4, R W AR E M5 7> T4 . E-mail:renyanhua4576@163.com
*1@1E1EZ& Author for correspondence. E-mail: zdc-1@163.com; E-mail : Lghou@163.com



1100 3 ) 2 e 433

no acid contents). Single-trait comparisons and principal component analysis (PCA) were employed for
comprehensive evaluation of the timber-nut-dual-purpose characteristics. [Results] The results showed
that significant differences were observed among the walnut strains in tree height (10.41-13.06 m),
ground diameter (19.14-25.60 cm), and diameter at breast height (15.56-20.40 cm). Among these, HL-
1 and HL-10 exhibited significantly higher values across all these traits compared to the other walnut
strains and the control. Regarding crown architecture, the east-west crown span (5.46-7.10 m) was con-
sistently and significantly larger than north-south span (4.59-5.85 m), with 9 walnut strains surpassing
the controls in crown dimensions. Similarly, crown expansion rates demonstrated a directional trend:
east-west growth (0.61-0.88 m/year) exceeded north-south growth (0.32-0.67 m/year). All the tested
walnut strains displayed typical smooth shell surfaces with non-exposed kernels and generally promi-
nent, tight suture lines. 78.6% of the walnut strains produced elliptical nuts with pointed apexes, and
85.7% had flat bases. Kernel extraction was difficult for 64.3% of the strains, but relatively easier in
HL-4, which had an exceptionally thin shell with a thickness of only 0.92 mm. In accordance with the
requirements for selection of elite walnut cultivars specified in the Chinese Forestry Industry Standard
(LY/T 3004.2—2018), the single nut weight of all the walnut strains (14.63-24.20 g) met the standard
for elite cultivars. Notably, HL-15 (24.20 g) exhibited a 16.3% higher fruit weight compared to QL.
Based on the National Standard (GB/T 20398—2021), the kernel recovery of 10 walnut strains exceed-
ed 40%, satisfying the quality requirements for premium walnut nuts. The highest kernel yield rate was
62.53% found in HL-4. Kernel weights across the walnut strains ranged from 6.43 g to 9.95 g. Kernel
weight of HL-4 (9.95 g) was 24.38% larger compared to QX (8.00 g). The protein content of all the wal-
nut strains met the standards for elite cultivars. Specifically, HL-11 exhibited a protein content 3.47%
higher than XL (194.66 mg - g''); HL-12 was 0.73% higher than QL (183.74 mg - g'"); and HL-15
1.73% higher compared to QX (179.97 mg - g'). Five walnut strains, including HL-3, HL-10 and HL-
9, had a crude fat content exceeding 600 mg - ¢ meeting the elite cultivar standards. The highest level,
637.11 mg - g, was found in HL-3, being 0.48% higher than that of QX (634.07 mg- g"). The six wal-
nut strains with high kernel recovery contained 17 amino acids. Total amino acid content ranged from
100.58 mg-g"' (HL-1) to 140.22 mg-g"' (HL-3), while essential amino acid content ranged from 27.11 mg-g"'
(HL-1) to 39.00 mg - g' (HL-3). Among these strains, HL-3, HL-8 and HL-10 exhibited a higher total
amino acid content and a higher essential amino acid content compared to XL. Linoleic acid (39.89%—
66.81% ) was the predominant fat component, with the highest content (64.00%) found in HL-11. The
oleic acid content in HL-4 (42.19%) was 2.7 times that of the QX control; HL-3 was rich in a-linolenic
acid (9.71%). Comprehensive evaluation using Principal Component Analysis (PCA) on tree growth in-
dicators identified two principal components accounting for a cumulative variance contribution rate of
86.00%, with HL-1, HL-10 and HL-9 achieving the highest comprehensive scores. For nut quality indi-
cators, four principal components yielded a cumulative variance contribution rate of 93.86%, and HL-8,
HL-3 and HL-10 attained the highest comprehensive scores. Considering its outstanding performance in
both tree growth and nut quality, HL- 10 was determined to be an optimal candidate walnut strain for
timber-nut dual purposes. [Conclusion] Based on the analysis results, it is concluded that HL-10 can be
considered as a candidate line for timber-nut-dual-purpose walnut. This study successfully selected ex-
cellent walnut strains combining rapid growth with high- quality nut production, providing valuable
germplasm resources for industry upgrading.

Key words: Walnut; Timber-nut-dual-purpose; Nut quality; Principal component analysis; Overall eval-

uation
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HL-10 760 /5 FE R A 42 1 35 2 25 K F HoAh AR &
JP IR o b A S PPAN AZ AR A A (L 1 25 2 () B
P 5 23 [) 23 A R AIE Y2 75 2R P e R (5.46~7.10 m)
i KT #5676 1 (4.59~5.85 m) . HL-1.HL-6.HL-
7-HL-8.HL-9.HL-10 %5 9 At £ 1 4= 1t e s oK T %6k
M ;HL-6.HL-8 \HL-9 .HL-10%5 7 /™ME R T AL e g
KFxHE
22 WEFEEKE

KB AV A BB A% D AR 22 R
b, 5 AM EFE M TR LA TENE 2R IE
AR HFE 2 0TH, B0 Rk m A K LI R H, HL-1
ATHL-9 Bk A K &2 R (1.31 m), H XN HL-3
MIHL-14(1.28 m) ; B2 HL-6 41, Hi 4 14 ME R 18k
REAERKER TS EKR EENER. BT
A R FHA5(1.84~2.53 cm) K% (1.57~2.22 cm)4F
ARKEHKTER, B HL-1 F3EAEM R EE K
H % K, HL-12 f%/~. HL-1.HL-8 . HL-9.HL-10%%7
MERTIEER A EEKES R TEHKR, Hbe6
MERFIN K TEE, BIEMSRNE A KEE
7. HFMANWIREAKBEAEREER, Kifid

1 TREMRESERERGFREERSE(2015—2023 F)

Table 1 Tree structure parameters of different walnut strains (cultivars) (2015 to 2023 year)

e NCD) o iz M4z ARV e AL E
Excellent strains W . =8 . Diameter at East-west North-south
(species) Tree height/m Base diameter/cm breast height/cm crown breadth/m crown breadth/m
HL-1 13.00+0.01 a 25.60+0.00 a 20.40+0.00 a 7.10£0.00 a 5.00+0.00 abc
HL-2 11.7040.44 be 21.30+1.44 cde 16.81+1.07 de 5.46+0.59 d 4.82+0.14 be
HL-3 11.97+0.58 b 20.04+1.30 de 16.69+1.05 de 6.07+0.83 abed 5.00+0.40 abc
HL-4 10.54+1.21 ¢ 20.33+1.22 de 16.85+0.94 de 5.49+0.43 cd 4.63+0.49 cd
HL-5 11.55+0.56 be 21.07+2.26 cde 16.66+1.88 de 5.72+0.82 bed 4.59+0.45 cd
HL-6 11.25+0.25 be 20.50+2.00 de 17.00£1.50 de 6.50+1.00 abed 5.85+0.65 a
HL-7 11.94+0.45 b 21.06+1.07 cde 16.34+0.91 de 6.35+0.33 abed 4.93+0.25 abc
HL-8 12.00+0.63 b 21.95+1.56 cd 17.55+0.99 cde 6.56+0.44 abc 5.64+0.80 ab
HL-9 12.39+0.68 b 22.08+1.89 cd 18.40+1.47 bed 6.73£0.65 ab 5.63+£1.13 ab
HL-10 13.06£1.17 a 25.14+1.80 ab 20.08+1.34 ab 6.88+0.36 a 5.47+0.70 abc
HL-11 11.66+0.29 be 23.16+0.91 be 19.31£1.76 be 6.05+0.56 abed 5.36+0.56 abc
HL-12 10.41£1.02 ¢ 19.14£2.25 ¢ 15.56£1.89 ¢ 6.35+1.09 abed 4.97+0.51 abc
HL-13 12.10+0.42 b 20.75+1.95 cde 16.94+1.60 de 6.30+0.56 abcd 4.99+0.21 abe
HL-14 12.10+0.78 b 21.80+1.74 cd 17.24+1.02 de 6.29+0.65 abed 5.06+0.72 abc
HL-15 11.31+0.98 be 20.46+1.91 de 16.36+1.05 de 6.10+0.75 abed 5.09+0.43 abc
M Qinglin (QL) 11.37+1.64 be 20.43+1.45 de 17.29+1.84 de 6.22+0.73 abed 5.02+0.81 abc

18 7 Qingxiang (QX)
7 ¥ Xiangling (XL)

11.31+0.94 be
8.00+0.60 d

22.08+1.52 cd
15.14+0.92 f

17.21£1.12 de
12.25+0.89 f

5.58+0.86 cd
3.85£0.61 ¢

4.86+0.52 bc
3.85+0.56 d

7 >R M) Duncan #3034 2 B LA (P<<0.05) LA E AR AR 8] 2 35 MK ARVNG P RHUR AL A B F 28k, TR,

Note: Duncan's test was adopted for multiple comparisons to determine the significance level among different excellent strains (species),and differ-

ent lowercase letters indicate significant differences (P<<0.05) between groups. The same below.
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#z2 FARMERSFBRGRAEEEKE(2015—2023 5F)

Table 2 Annual increments of tree growth parameters for different walnut strains (cultivars) (2015 to 2023 year)

P& G MEEA KR RRFEEKE KRS S R IRE AR 2B [ARAEEE G S S
Excellent strains ~ Annual height Annual basal diameter ~ Annual diameter increment  Annual east-west crown — Annual north-south crown
(species) increment/m increment/cm at breast height/cm width increment/m width increment/m
HL-1 1.31 2.53 222 0.88 0.60

HL-2 1.12 2.05 1.94 0.61 0.42

HL-3 1.28 1.94 1.76 0.75 0.44

HL-4 1.15 1.96 1.75 0.72 0.37

HL-5 1.22 2.08 1.77 0.73 0.37

HL-6 1.04 1.95 1.81 0.77 0.67

HL-7 1.20 2.07 1.78 0.72 0.35

HL-8 1.18 2.17 1.87 0.78 0.51

HL-9 1.31 2.16 1.91 0.83 0.50

HL-10 1.27 2.47 2.07 0.82 0.40

HL-11 1.21 2.29 2.14 0.68 0.45

HL-12 1.11 1.84 1.57 0.70 0.32

HL-13 1.26 2.04 1.78 0.80 0.40

HL-14 1.28 2.15 1.86 0.71 0.36

HL-15 1.25 2.03 1.75 0.73 0.43

HHQL 1.08 1.92 1.81 0.79 0.37

HEH QX 1.10 2.11 1.83 0.69 0.50

HFHXL 0.88 1.37 1.19 0.42 0.38

A AR K 5 (0.61~0.88 m) 38 KT R b jeb 1 (0.32~
0.67 m) o o, HL-1 1 7R 78 e i 4F 2B K & i ok,
HL-6 ¥ 7 4k et i 4 A2 K & f K s HL-1.HL-9HL-10
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2.3 IRBINIBRASHHIE
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1D, 85.71%ML R I EHBIL A NP K, HL-3 ARIK,
HL-4 AFE K. HL-3 4% A 26 5% S0 F2 FERIK, (3
FA SRR, A 5B 2 BoR , 64.29%
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ATHL-5(22.81 ) B 5L 5 & i T #K(20.82 @), 73
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HH 420 0 5 F 2. SMARLCHRENT
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AITHL-1(8.14 g) 73 AlELHE A (8.00 @) #2511 24.38%:
10.25% 1 1.75% . X {8 5 Bl & Ak (7.34 @ Fil & £5
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Table 3 The external morphological characteristics of different walnut strains (cultivars)
RFEG HRRL WS R A s A Bl TR T
Exc.ellent Drupe shape Core-shell surface characteristics Stylolite Eernnchal @5 L
?;;"{c‘:ises) 2 = SR Plfh RURUE Difficulty g‘;‘;rggﬁ)dr flf;“n:ness
Shape  Apex Base kernel-exposed ~ Surface smoothness  Flat or raised Tightness Rating
HL-1 R B Bl NE S Ra T D LY Pl
HL-2 R P Bl NE S Ra T D LY Pl
HL-3 (6] P Po NE S Ra L D YB MPI
HL-4 (6] P Ro NE S Ra T Ea YB MPI
HL-5 (6] B Bl NE S Ra T Ea YB Pl
HL-6 (6] P BI NE S Ra T D LY Pl
HL-7 (6] P BI NE S Ra T Ea LY MP1
HL-8 (6] P Bl NE S Ra T D LY Pl
HL-10 (0] P Bl NE S Ra T Ea LY Pl
HL-11 R B Bl NE S Ra T D LY Pl
HL-12 (0] P Bl NE S Ra T Ea LY Pl
HL-13 (0] P Bl NE S Ra T D LY Pl
HL-14 (0] P Bl NE S Ra T D LY Pl
HL-15 (6] P Bl NE S Ra T D LY Pl

T AZRIAR - 1B (RO AR B (O s BRI T 2R

S(PYAIT (B) s A% HE L35
(NE) ; 7% SR MG FE I b (SRS (Ru) s AZ B 48 A28 - 7 (F) R (Ra) s A% F 4% A 2k S FE -

22 (Po) T (B ME (Ro) s % R T2 T2 (E) A FR A=
TRk (LD 5 B e S FEE 40 0 « IR A

(DA 53 (Ba) ; PR R« B (2 CYB) AR BT ( (LY ) s Tl A~ AOPEITRE P 23 M5 (P AR Ml (MIPL)
Note: The shape of drupes: round (R) and oval (O); The apex of drupes: pointed (P) and blunt (B); The base of drupes: pointed (Po), blunt (Bl), and

rounded (Ro); The kernel exposure type: exposed (E) and not exposed (NE); The surface smoothness: smooth (S) and rough (Ru); The drupe suture

line : flat (F) and raised (Ra); The suture tightness of drupe: tight (T) and loose (L); The ease of kernel extraction: difficult (D) and easy (Ea); The in-

ner seed coat color: yellowish brown (YB) and light yellow (LY); The kernel plumpness: plump (PI) and moderately plump (MPI).

KB R R bR E . Hoh HL-11(201.43 mg- g FIHL-6
(195.08 mg - ¢ I 85 1o & fE AH 0 B, AR B
(194.66 mg - g 71 7 2 =1 3.47% 1 0.21% ; HL- 12
(185.08 mg- g ) FIHL-14(185.73 mg- g ) [ i &
HIREM(183.74 mg- g 43l E 0.73%A10.54%;
HL-3(180.51 mg-g") A HL-15(183.09 mg-g") {1 &
7 & B RS A (179.97 mg - g 23 4R 55 0.30% A1
1.73%. HL-3\HL-10~HL-9 %5 5 Mt & R A 5 &
BT 600 mg g, BB R MARE. Ho, HL-3 FRH
JE 5 5 B e 11 (637.09) , Bl 77 (634.07 mg - g D ¥

0.48%-

TR R RAZ IR B IR BRI Th RE R
VERIRZ O bR BT IR SR IR S I8 RS IR b R
PEIR BOZR & VP4 45 2R L T3 6 A PRIR T 7
PF, FExr R IR A R HEAT 73 # » LA & A 34

TR G MR B ) o IR S R, SR B &
FEFR & BT 100.58~140.22 mg - g' 2 1], Hivp HL-
3.HL-8 fTHL-10E & & T & (132.19 mg- g, i

— PRI A TR, BRI EH 17%43@?\
B, O 2R U TR AN R R 5 7 M 7R
15 L S R A5 Eﬁz\ﬁ%@ﬁﬂ%\@\@f—%loﬁﬂtﬁ
Bg. EULTREERAS P, ZE R Q%%FMAON
10.56 mg - g") , FL VK2 2 7 & K (4.28~6.75 mg - g)
AR R(5.11~6.60 mg-g") . DFERERSE M
e T &M ARKEDFIE . SRR FH I
RE BT 27.11~3899 mg - g' 2 8], 5 LA T
25.30%~27.81% 2 [f] . H ', HL-3.HL-8.HL- 13,
HL-4HL-1 %5 5 ML & B 00 7 & LR LU & T 2
(26.85%) A ¥4 (25.85%) » R4 To &L TR UL 0 17
T%E’F BRI B (23.14~33.83 mg- g, FX
IR (13.49~18.70 mg - g MR X & R (10.43~

14.06 mg- g {H57F & M2, HL-10 AT HL-1 it &
(1 2 ok U R 2 e A AR R DA ORI, SR H
R 1) = R 41 /3 FRAE

JUE I T 2L S A 1 7 A% Bk R S 9 L D R
HRMETNE R bR . AT RILGR 6, S &
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Table 4 The nutrient quality traits of different walnut strains (cultivars)
L5 G [T AR 7 =% WO R wOHLE R
Excellent strains Single fruit Kernel mass/ Shell thickness/ Kernel ratio/ Protein content/ Crude fat content/
(species) mass/g g mm % (mg-g" (mg-g"
HL-1 18.94+0.93 cd 8.14+0.37 be 1.89+0.17 de 43.2244.23 ¢d 157.21£0.82 1 506.98+0.09 q
HL-2 18.65+0.38 cde 7.71£0.89 cdef 2.01+0.12 cde 42.70+1.71 cd 177.75£0.85 ¢ 538.00+0.53 n
HL-3 15.3240.66 hij 6.69+0.34 fgh 1.96+0.08 de 43.63+0.33 cd 180.51+0.11 f 637.09+0.48 b
HL-4 15.9140.10 fghi 9.95+0.22 a 0.92+0.05 g 62.53+1.00 a 164.07+0.99 k 522.67+0.75 p
HL-5 22.81+1.16 a 8.82+0.79 b 2.26+0.14 abc 38.54+1.62 efg 174.68+0.97 h 582.86+0.19 1
HL-6 19.05+0.90 cd 6.72+0.21 efgh 2.41+0.16 a 35.29+0.69 gh 195.08+0.70 b 545.30+0.86 m
HL-7 18.36+0.31 de 7.74+0.28 cdef 1.74£0.14 ¢ 42.18+1.86 cde 165.59+0.30 j 573.18+0.62 1
HL-8 17.48+0.35 def 7.79+0.07 cde 1.87+0.06 de 44.55+0.73 cd 164.04+0.22 k 590.43+0.26 h
HL-9 18.92+1.11 ¢d 7.05+0.56 defgh 2.30+0.09 ab 37.88+0.24 fg 170.46+0.96 i 608.50+0.69 f
HL-10 17.12+0.57 efg 7.59+0.33 cdefg 2.02+0.06 cd 44.33+0.43 cd 190.26+0.39 ¢ 615.75+£0.20 ¢
HL-11 20.19+0.98 be 7.03+0.58 defgh 2.35+0.05 a 34.78+1.88 gh 201.43+0.94 a 534.79+0.29 o
HL-12 15.63+0.46 ghij 7.01£0.33 defgh 2.07+0.12 bed 44.85+2.05 ¢ 185.08+0.61 d 602.77+£0.24 ¢
HL-13 15.83+0.27 fghij 6.43£0.43 h 2.29+0.19 ab 40.55+2.06 def 158.54+0.551 608.43+0.80 f
HL-14 14.6340.42 ij 6.56+0.15 gh 1.93+0.03 de 44.88+0.52 ¢ 185.73+0.96 d 577.18+0.61j
HL-15 24.20+0.24 a 7.92+0.20 bed 2.3240.09 ab 32.7240.49 h 183.09+0.13 ¢ 574.00+£0.22 k
HAQL 20.82+1.11b 7.34+0.45 cdefgh 2.26+0.08 abc 35.2240.29 gh 183.74+0.09 ¢ 629.10+0.98 d
HE QX 16.4340.10 fgh 8.00+0.44 bed 1.374£0.06 f 48.66+2.01 b 179.97+0.09 634.07+0.81 ¢
T XL 14.20+0.23 j 7.30+0.08 cdefgh 1.174£0.05 £ 51.444£1.09 b 194.66+0.16 b 641.28+0.41 a

) DA R S 5 B8 9 3, 3 S AU W R (39.89%~
64.00%) TS (17.52%~42.19%) « o~V JFR & (3.79%~

9.71% ) A% Wil 475 B8 (0.05% ~1.78% ) I ¥ A& 4 &
(0.08%~0.16%) . H:rr, Wil ER M % O Hig B BR 4.4

x5 TEMARBZRGFDRRIEFEAR

Table 5 The amino acid composition of different walnut strains (cultivars)

ST R fIL & CFf) Excellent strains (species)

Amino acid composition HL-1 HL-3 HL-4 HL-8 HL-10  HL-13  #E&HQX HHXL
w(JF & R) Threonine content/(mg-g™") 3.78 4.97 4.77 491 4.73 5.10 4.86 4.67
w(#Z R Valine content/(mg - g™) 5.11 6.51 5.90 6.60 5.99 6.22 6.67 5.69
w(EZ R Methionine content/(mg-g") 0.86 1.05 0.90 0.98 1.11 0.78 1.01 1.15
wCHE R Leucine content/(mg - g™) 6.40 10.56 8.83 10.50 8.96 9.54 10.70 8.80
w(F - E R Isoleucine content/(mg-g™") 3.61 5.37 4.75 5.46 4.58 4.92 5.58 4.60
w2 %) Phenylalanine content/(mg- g™) 4.28 6.75 5.97 6.44 5.74 6.25 6.68 5.78
wiZ ? ) Lysine content/(mg- g") 3.07 3.78 3.86 3.84 3.45 3.44 3.94 3.48
w(R AR Aspartic acid content/(mg-g") 10.43 14.06 13.19 13.94 13.32 13.82 13.96 13.22
w( 225 R) Serine content/(mg-g") 5.14 6.90 6.32 6.84 6.84 6.53 7.08 6.83
w(ARZ R Glutamic acid content/(mg-g™") 23.14 31.68 30.21 33.01 33.83 30.08 36.23 32.69
w(HZ R Glycine content/(mg-g™") 4.54 7.51 6.18 7.20 6.22 7.17 7.46 5.80
w(H%Z L) Alanine content/(mg- g") 425 6.38 5.49 6.27 5.68 6.05 6.51 5.34
wCEBEZER) Cysteine content/(mg- g™) 1.94 1.72 1.25 1.48 1.99 1.37 1.72 1.34
w( & R Tyrosine content/(mg-g") 2.84 4.05 3.73 4.03 3.66 3.70 4.26 3.75
w(ZHZ R Histidine content/(mg- g ™) 2.67 3.78 3.55 3.68 3.36 3.68 3.83 3.24
w8 ) Arginine content/(mg- g™) 13.49 18.65 17.71 18.70 18.21 17.24 19.71 16.90

w(filiZ B2 Proline content/(mg-g") 5.03 6.50 7.07 5.69 8.91 5.39 6.70 8.91

w(E IR S 1) Total amino acid/(mg-g") 100.58 14022  129.68  139.57  136.58  131.28 14690  132.19
w(b T & 2B Essential amino acid content/(mg-g™") 27.11 38.99 34.98 38.73 34.56 36.25 39.44 34.17
TR IR L {F] Essential amino acid ratio/% 26.95 27.81 26.97 27.75 25.30 27.61 26.85 25.85
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Table 6 The fatty acid composition of different walnut strains (cultivars)

TG 17 1 4L R It & (F#) Excellent strains (species)

Fatty acid composition HL-1 HL-3 HL-4 HL-8 HL-10 HL-13 HEQX  EHHRXL
wAFAHER) Palmitic acid content/% 5.79 5.49 8.33 9.13 8.23 5.12 6.00 6.12
w(EEHEJHER) Palmitoleic acid content/% 1.78 0.06 0.10 0.24 0.40 0.05 0.09 0.08
w(TIEIR) Stearic acid content/% 2.83 3.23 4.66 493 3.66 2.87 3.22 2.88
wGHIER) Oleic acid content/% 20.35 17.52 42.19 36.76 27.40 20.93 15.81 19.50
wCIE R ) Linoleic acid content/% 60.93 63.91 39.89 44.99 55.50 64.00 66.81 63.66
w(a-JEJFRIZ ) a-Linolenic acid content/% 8.23 9.71 4.69 3.79 4.72 6.95 7.99 7.68
w(AeAE ML) Arachidonic acid content/% 0.09 0.08 0.14 0.16 0.09 0.08 0.08 0.08

HL-13 A1 HL-3 [ & & AH X 8 s 20 70 4 64.00% il
63.91% , 57 4 (63.66%) AT . 1L R MM ER 7 &
1EAE 2 5, HL-4(42.19%) F1 HL-8 (36.76% ) # I H
e THIERARE 1, T AP0 2R 1 e TR 55 2t 2 il Jhg e HER i o
A (15.81%) [ 2.67 (5 /12,33 5. o-THRERIE N E
B -3 JRIER , /£ HL-3(9.71%) FTHL-1(8.23%)
SRR T AR AR R . R 0 R A
R MR (5.12%~9.13% ) A1l fIE R (2.83%~4.93%) »
Horf, HL-8 HL- 10 A1 HL-4 F 7 i 12 AN i R 75
P v 0t B Rl 10 HIL-1 R HL-13 JUMERF-XF /e
2.5 FRMEENERD DREETN

I 53 o3 BTiERE S0 2 Kot BR Rl i e 2
PEIRBEAT 256 VAN B BERFAEAR KT 110 3 i idk
TR0, R 7 A, R4 Kb 2 4N 3
B3 1R B 5 2 BTk N 86.00% , H At &K 145
WL R =TI M= TR YAl - - o S 8- i =y e
B AN ER WFHEAR KT 1, RiF 77 Z 0Tk E AN
94.772% , F i B K BT AR AAE 2R 2 & I = R
TERORAERSES.

#7 FEMERREGDERS S

Table 7 The principal component analysis of different

elite strains (cultivars)

4 T AR TEERE R ETERER
BhR . . Variance Cumulative
Principal ~ Eigen- o . .
Index component value contribution variance contrib-
P rate/% ution rate/%
PR K AR 1 748 7481 74.81
Tree growth 5 112 1119 86.00
metrics
MR SRR 1 14957  53.416 53.416
Nut quality 5 6.65 23752 77.168
metrics
3 3225 11.517 88.685
4 1.704 6.087 94.772

ML T B WA BT A DL VR AR A8 AR AR v AL

B, P EAFAR R I 3 R & R LR A 19
75 . HER8~9 I K1, MHATR bR 25 & 13 2 B A AR &
JNHL-1.HL-10.HL-9.HL-11 #1HL-14, "% 5 5 5 45
PREFE 1S B A R W HL-8 \HL-3 \HL-10 F1 HL-
4o ZEAPHARE K ARATIZ SR 5 FE bR, HL-10 AT {F
VALUE . GEELY2r RS E S v i

x8 ATRMRMAGOREEKBRERMENEZEFS
Table 8 The principal component values and
comprehensive scores of growth indicators of different

walnut strains (cultivars)

e CD) FROME FROME A1)
Excellent strains (species) PC1 PC2 Overall score
HL-1 1.42 0.94 1.16
HL-2 -0.20 -0.31 -0.18
HL-3 0.07 -0.27 0.02
HL-4 -0.27 -0.77 -0.29
HL-5 0.21 -1.07 0.04
HL-6 -1.13 3.04 -0.51
HL-7 0.28 -0.84 0.12
HL-8 0.08 1.13 0.19
HL-9 0.61 0.74 0.54
HL-10 1.54 -0.17 1.13
HL-11 0.56 0.25 0.45
HL-12 -0.55 -0.65 -0.49
HL-13 0.37 -0.50 0.22
HL-14 0.63 -0.90 0.37
HL-15 -0.04 -0.18 -0.05
FHQL -0.14 -0.13 -0.12
HE QX -0.37 0.47 -0.22
XL -3.07 -0.79 -2.38

3 i
31 WAL KESTESHEEA

BRI, 3 B A4 R AR IE R e A% Ak
MEEF M ER " AR, W& A

it
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Table 9 The principal component values and
comprehensive scores of principal components of different

walnut strains (cultivars)

PRA D

. . . . ZEE 3o

Excellent EMME FRME FRME FRE Overall
strains PC1 PC2 PC3 PC4

. score
(species)
HL-1 -1.98 -0.38 -0.93 0.97 -1.19
HL-3 0.82 -0.93 -0.03 0.11 0.23
HL-4 -0.27 1.60 -0.31 -1.21 0.11
HL-8 0.83 1.35 -0.49 0.63 0.74
HL-10 -0.20 0.39 1.42 1.05 0.21
HL-13 0.35 -0.89 -1.26 -0.95 -0.22
HE QX 1.05 -0.59 0.11 0.70 0.48
FHXL  -0.60 -0.56 1.48 -1.30 -0.36

1 S5 R AR R AE 2 VR AN A% Bk A4 T 7 11 EE 4R
b, HAEKBESWAESEGER RS %M
RPNk i e B TR ARTE B BT 1) B AR
B AR RE % o5 4 A I AR S AT, SREUE 206 R
BRI A AR TE 5 IR 1 R4 m AR Kol 2. il
BRI AR AR KO R M B e e T AR A K
SRR S M R Ty AR AR 3 AR A B TR
ik BR AR bR HE, 4R 5 AR, PR = A PR G A
W2 R, 2040 R FR HL-6 4b, R 14 MER
Mk EFEAEKES & T3 AW, HL-1.HL-10.
HL-11 &7 MR R FEAEKBERZE S THEK,
BN E MRS A S e S
50% LA 1, Fe B H A v AR A ) AR ) AR KR, L
BRI T1. &0 F 0 5a 08 25 6] 43 A0 FRAE
2R 78 W (5.46~7.10 m) 3 K T # AL g
(4.82~5.85 m), Hrf HL-1 HL-9 28410 & 1) e i 4F A4
KeEREm TR, RO Emre S Er S
R BRI, EREBIRNT T . B ST IEM
R RKRE S M PRI A 75 R 5 B G, AR
TAE S LR 9 3 B SRR E AR A2 K 7 T2 1% R
R AR FU G ek — 2B AE s T A S P AR TE A
WAL A 7 THD R T A7 P20
3.2 RELRSHMSEFRINEEFE

TE R FLH R T T, H AT 2R PP A% B IR S 5
M E E G bR 2 — . HL-4 B AR 51X 62.53% H.5%
JEAY 0.92 mm, 7 £ ¥ 76 &% bk T 3% % K (GB/T
20398—2021) , B T 22 7 55 Pk B AL BHT b &
K15 158 R FRK 34.29% , 10 A~ R IR T 33.89%,

PRSA B . B S A A B Ak K/ ) LR A
HL-5 5 8K 22.81 g, 558 5% SCF S0 (1 4% bk
0k B T o B 4R T 5.50% , 5 K AR IR T MR Ak B R
JiE R 15 36.59% P, 1 P B AN A%k SR A S FH 2R
iR 1542 72.80%", b4k, HL-11.HL-16.
HL-10 %5 7 ML AN EAR S EREZ 1 5t
2.86%™ LA .,

TR N SEAT I B A% 08 R Th e LAY AT
BT Z AR R R A K S R AE IR T PEIR I e
B IR H 6 MERE MR R 0 2R, 3 SO0 a2
12 55 N TR 4H 43 B B AT M 58 o A A IR AN I 1R
J& T A I 7 B2 , HL-8 \HL-4 F1 HL-10 41 £ B 7 Fib
L R 7 R A R X v O R R, BB v S B
ST TE 1) B VG 48 R ST A Pk e ) RN T R
o HL-4 VR & i (42.19%) B R 7S & (15.81%)
e 2 £ LA b i IR Bk PR (46.8 mg - g ;1M
HL-3 1] o= 30 R R 5 5 (9.71%) M & ¥4 (7.68% ) $2
151 26.43% , I Hz 8 K 5(3.92%) FIZEKF (6.48%) ,
X R A% Bk IE A VR N TR IR (1) 25 B4 78 SR Y.
HL- 1 [ RR A 4 R 25 2 (1.78% ) 175 A VA g 77 TR
CRF AR R 7 B <<5.12%) B As 1, ™ 2 378 % MURE
M. BEMSTEL R, HL-3CEN R 6.75 mg- g,
RERAM14.06 mg-g', HAM 7.51 mg-g') \HL-13
(HEFZ5.10 mg-g") HL-10 CEPEEEZ 1.99 mg- g
M2 8.91 mg- gD EE AW FHME S T X
B DL BRI Dy R SR RN T sy B e
fERE B S I FF A HR AL 1AM ) S5} SR At
33 MRFAMANEETFE

FERR T BEIR VT B Pk B DL AR e s
CEEVPN TIERTE T EEAE A AW TR K
G353 BT AT 2 PR 2B K AR AR A0 1 R 5 i v a2k
TGV B 2 N EbR A R SR & Tabs , dE I 75
BRI R M VEN S5 R &k 2 B T 28
i ZIEFRIIEE A AT, BTSSR, AR K
TRbR AN 24 o FE ST LR G PRI A, i ik
i HL-1.HL-10.HL-9 %5 5 NMRHA A K4 A 150 5
LR 2R AL AT S A B 7 5 I R T Fe
FEAR N 44N T2 B0y FE ST SR A VR AR, G H HIL-
8 HL-3.HL-10 Fl1HL-4 %5 4 MR 5L R 28 513 0 5
AR &R, RHHEFRKIRHE 7. HL-10 11
FAEM A K5 IR B 5 T3 R B 5, Rt ]
VE bt 5 e FH BY R Bk R R
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SRR L MRS RN DR SR IR AR Wt il 37 o
VAR BTG R EE T R . ASHIT ST I H A HL-10 45
PRSI &, SEBL T AR A 5 D05 B8 AL B
FIFE T, R e 1 LR R A2 5 A

4 Z& B

WL ZRA VRO 15 MEBEIE R WA E KR E
R AT R BRRFAAL 5 07 306 HY HL-10 /5 D94 SRS A
AR IR A . HL-10 D0 A AEMH A A A AT IR
JRUT IR DR W, He Ll A 78 1 5 IR E TR
W 2B T SRR dh A 3 F S
SOt T EE R K
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