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Abstract: [Objective] The major objectives of this work are to (1) select the most suitable tree shape
for high nut yield and quality in early- fruiting walnut ‘Luguang’ from the 3 commonly used tree
shapes including trunk-layered shape, open centre shape and natural round shape; (2) provide references
and technical guidance for the cultivation and maintenance of the most suitable tree shape of this walnut
variety.[Methods]5-year-old early-fruiting walnut variety ‘ Luguang’ trees were used as the experimen-
tal materials to comparatively analyze the canopy structural parameters, average yield per plant, average
yield per unit canopy projection area, morphological indexes and nutritional components of walnut
from trees with the above mentioned three canopy shapes. The tree height was measured from the
ground to the top of the crown with a tower ruler; the trunk base diameter was measured with a tape 20
cm from the ground; and the crown width was measured with a meter ruler at the east-west and north-
south directions of the vertical projection edge of the crown. The vertical diameter, transverse diameter
and lateral diameter of the nut were measured with a digital caliper. The average fruit weight, kernel
weight and yield per plant were determined with an electronic scale. The contents of protein, crude fat,
ascorbic acid, total sugar and amino acid were measured using kjeldahl method, soxhlet extraction meth-
od, 2, 4-dinitrophenylhydrazine method, reducing sugar release method, and automatic amino acid ana-
lyzer, respectively. Principal component analysis (PCA) was used to comprehensively evaluate the dif-
ferent tree shapes.[ResultsIResults from one-way ANOVA showed that tree shape had significant influ-
ence on tree height (p < 0.01), trunk diameter (p < 0.05), number of skeleton branches (p < 0.001), av-
erage yield per plant (p < 0.001), average yield per unit canopy projection area (p < 0.001), average
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fruit weight (p < 0.001), kernel weight (p < 0.01), shell thickness (p < 0.001), kernel rate (p < 0.001),
protein content (p < 0.05), crud fat content (p < 0.05), ascorbic acid content (p < 0.01), total sugar con-
tent (p < 0.05) and total amino acid content (p < 0.05), but no significant effect of tree shape was ob-
served (p > 0.05) on canopy width, fruit vertical, transverse and lateral diameters, fruit shape index, con-
tents of the 17 amino acids and total essential amino acid, and the percentage of essential amino acids.
Trees with trunk-layered shape had the highest tree height (4.55 m), trunk diameter (11.31 cm), number
of skeleton branches (6.25) and average yield per plant (7.12 kg), which were significantly higher than
that of the trees with natural round shape (3.78 m, 10.49 cm, 5.25 and 6.47 kg, respectively). Tree
height, trunk diameter, number of skeleton branches and average yield per plant of the tree with open
centre shape were 4.05 m, 10.79 cm, 5.00 and 6.72 kg, respectively. Trees with open centre shape had
the highest canopy width (4.08 m, 4.05 m), followed by trees with natural round shape (4.00 m, 3.88 m)
and trunk-layered shape (3.78 m, 3.65 m). The average yield per unit canopy projection area in trees
with trunk-layered shape and natural round shape was 0.61 and 0.59 kg-m?, respectively, both being sig-
nificantly higher than that in trees with open centre shape (0.51 kg -m?, p < 0.05). The highest values in
average fruit weight (17.00 g) and kernel weight (9.79 g) were observed in trees with trunk- layered
shape, which were significantly higher than those in the round shaped trees (16.03 g and 9.25 g, respec-
tively) (p < 0.05). The average fruit weight and kernel weight of walnut in trees with open centre shape
was 16.50 g and 9.70 g, respectively, which had no significant difference from those in trees with the
other two shapes. Trees with open centre shape showed the lowest shell thickness (1.01 mm) and the
highest kernel coverage (58.72%), which were significantly lower and higher respectively than those in
trees with trunk-layered shape (1.06 mm and 57.61%, respectively) and natural round shape (1.06 mm
and 57.81%, respectively) (p < 0.05). Trees with open centre shape were highest in kernel protein con-
tent (172.97 mg- g'"), which was significantly higher than that in trees with natural round shape (165.09
mg- g ") and trunk-layered shape (160.96 mg - g") (p < 0.05). Trees with trunk-layered shape had the
highest values in crude fat content (676.93 mg - g™') and ascorbic acid content (2.95 mg- g"), followed by
trees with open centre shape (668.99 and 2.72 mg - g, respectively) and natural round shape (660.92
and 2.40 mg- g, respectively). The total sugar content in the kernel from trees with natural round shape
was the highest (17.18 mg-g"), followed by those in the open centre shape (16.64 mg-g") and trunk-lay-
ered shape (15.90 mg - g''). Seventeen amino acids were determined in ‘Luguang’ walnut kernel,
among which the seven essential amino acids were detected with a total content in the range from 44.62
to 48.36 mg- g, accounting for 28.26 to 29.32% of the total amino acids. The total amino acids content
in the kernel of ‘Luguang’ walnut was 153.02-164.92 mg - g'', and glutamate showed the highest con-
tent (29.67-32.29 mg-g"), followed by arginine (19.35-21.76 mg- g") and aspartate (16.99-17.58 mg-g™"),
while methionine had the lowest content (1.36-1.60 mg - g''). The results of PCA showed that the order
of productivity potential among different tree shapes was trunk-layered shape > open centre shape > nat-
ural round shape, while the order for quality formation was open centre shape > trunk-layered shape >
natural round shape.[Conclusion] Taking productivity and quality into account, the best tree shape for
‘Luguang’ walnut is trunk-layered shape, followed by open centre shape and natural round shape.
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way ANOVA) 1 3= i 73 43 # (Principal Component
Analysis, PCA) .
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0.05) . ET41 2T IR i AR AR 3 55 K, 43 50l o
4.55 m A1 11.31 em, ¥ 225 & 1 H AR E I8 G il
3.78 m A1 10.49 cm, p < 0.05) , 1 5 & 5 HF 0 JE (43
AN 4.05 mA110.79 em) L E ZE F (p>0.05), &
T BRME TSR . 8625, & T AR
S (5.25) IR0 I (5.00) (p < 0.05) o 3 Filibtf FE2 [
TR T T 2 2 5 (p > 0.05) , HA TR E KT/ b e
W o 0o T 0 e 5 K (4.08 m,4.05 m) , HLIK2E H
SR Sk T (4.00 m, 3.88 m) Fl 3= 43 2 (3.78 m,
3.65m).
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Table 1 Structure parameters of different tree shapes

WiE W 1% B TR 7tk i Crown width/m

Tree shape Tree height/m Base diameter/cm Number of skeleton branches 7%-7 East-west #5-1L North-south
H AR % 3.78+0.13 b 10.49+0.48 b 5.25+0.75 b 4.00£0.35 a 3.88+0.21 a
Natural round shape

Tr it 4.05+0.18 ab 10.79+0.88 ab 5.00£0.50 b 4.08+0.33 a 4.05+0.23 a

Open centre shape

ETHEE 4.55+0.20 a 11.31+0.50 6.25+0.75 a 3.78+0.21 a 3.65+0.10 a
Trunk-layered shape

F 11.647" 5.792 83.170™" 2.226 1.871

s A — B AN AN 'S A BRI AS [ )[R —F8 B 1] 1) 22 7 35 (p < 0.05) . 3K p<0.05," p<0.01,” p<0.001. R,

Note: Values in the same column with different small letters are significantly different (p < 0.05). Level of significance: “ p < 0.05,” p < 0.01,™

p =< 0.001. The same as following.
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Table 2 Average yield per plant and average yield per unit
canopy projection area in walnut trees with different

canopy shapes

R o MR AR &

, R R L2 S AN

T . Average yield per unit
Average yield .

Tree shape er plant/k canopy projection area/
perp g (kg-m?)

H AR S 6.47+0.62 b 0.59+0.08 a

Natural round shape

iRV 7 6.72+1.09 b 0.510.07 b

Open centre shape

ETnEE 7.12£1.20 a 0.61+0.04 a

Trunk-layered shape

F 126.726™ 47.450™

712 kg, . 3E =T HIRE LY (6.47 kg) FIFF 0 E
(6.72kg) (p < 0.05) . FEF 7 EAHIREA KR
SR AP = IR 2 5 (41512 0.61 kg m?
F10.59 kg-m?,p > 0.05), & = THO0.51 kg'm?,
p=<0.05),
2.3 FEI LR RS HHE

N 3 pron, BEXT &0 kR A AR
oW E 5 (p > 0.05) , 3 FR JE ] U8 SR A R4
MR FI R AR EI TR E Z R (p> 0.05) . B
Bk 3 Fiob I I R R B KT 1, RS K R .

W 4R, 7 T as R, RS &
kP2 B R B (p < 0.001) - B (p < 0.01) .
722 (p < 0.00D FH A Z (p < 0.00D) ) & E
L ol o 9 SR S O 2 i L Wil 6 NI
HA17.00 g F19.79 g, 515835 = H AR L (43931
16.03 g A19.25 g, p < 0.05), T L J& 1 (93 51l A
16.50 g #19.70 g) . JFOIEHI U R AE R &/, N 1.01
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Table 3 Morphological characters of nuts from trees with different tree shapes

BT Tree shape g})\& . . e . %ﬁ? wH .
Vertical diameter/mm Transverse diameter/mm Lateral diameter/mm Fruit shape index

F %815 3k £ Natural round shape 42.14£0.94 a 38.51£0.82 a 36.07£0.72 a 1.13+0.02 a

FFL2J% Open centre shape 42.83+0.15 a 39.13+0.57 a 36.32+0.40 a 1.14+0.04 a

¥ T3 2T Trunk-layered shape 42.37+0.25 a 39.30+0.27 a 36.83+0.38 a 1.12+0.03 a

F 0.871 1.012 0.451

x4 FRAMBEERTHERRE. CHRE. HICRNEE

Table 4 Average single fruit weight, kernel weight, kernel recovery and shell thickness of

walnut from trees with different tree shapes

A g o B i i = W=
4 TE Tree shape . . .

Average single fruit mass/g Kernel mass/g Shell thickness/mm Kernel rate/%
FI 4[5 3k J¥ Natural round shape 16.03+1.11 b 9.25+0.53 b 1.06+0.03 a 57.81+121b
F2J% Open centre shape 16.50+0.64 ab 9.70+£0.54 a 1.01£0.07 b 58.72+2.14 a
EF4) ]2 T Trunk-layered shape 17.00+£0.44 a 9.79£0.25 a 1.06+0.09 a 57.61£1.60 b
F 21.635™ 10.766™ 100.285™ 62.192™

mm, &3 /N F BHARE L E (1.06 mm) f T )2
(1.06 mm) (p < 0.05) . FOLEHHIREE, N
58.72%, W = T FE T4 12T (57.61%) il 5 2R 5] 3k
T (57.81%) (p < 0.05).
24 ARRFBRMZEFTHS

Wi 5 prs, B &0 i kM2 & B i
(p <0.05) AT (p < 0.05) HUIRIMLER (p < 0.01)
AR (p <00 FBEHRELW. FFLBMML

EARSERE, N1729Tmg ¢g', BE S T AR
Sk (165.09 mg - ¢ Fl E F 4 J2 ¥ (160.96
mg-g o EF 5 E Y BIFARAR B AP R
e, 2N 67693 mg g M2.95mg g, Hik
TP 0T (3 98 668.99 mg - g F12.72 mg - g')
EARASLIE (G318 660.92 mg-g ' F12.40 mg-g. H
SRIFSK TR A B b & s =, 9 17.18 mg- g, ik
RIFOIE16.64 mg- g HOFET/3EH(15.90 mg- g
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Table S Contents of protein, crude fat, ascorbic acid and total sugar in walnut kernel from trees with different tree shapes

WY wCERH D wCHLTR ) wHTIR MR wCEH)
- Protein content/ Crude fat content/ Ascorbic acid content/ Total sugar content/

Tree shape B 1 0 !

(mg-g") (mg-g’) (mg-g") (mg-g")
[ 4R 5 % JE Natural round shape 165.09+1.64 b 660.92+£0.20 b 2.40+£0.02 ¢ 17.18+0.01 a
F3J% Open centre shape 172.974£2.25 a 668.99+0.01 ab 2.72+0.20 b 16.64+0.01 ab
T4 JZ2TE Trunk-layered shape 160.96+1.18 b 676.93£0.39 a 2.9540.15a 15.90+0.01 b
F 8.901 5.761 17.308™ 4,754

WL 6 Frw, B Rk A ARl 17 Fhad 5=
B, Ko TR B 7Rl & & (w, JE R N 44.62~
4836 mg-g', &R IR S R 28.26~29.32%. £
I3 M S5 R, BT 0 T S B R e B 3 S
(p <0.05), X 17 PP LR 1) & & 4 75 2 R0 7
BB R E M (p > 0.05) . & #pkR
AR BN 153.02~164.92 mg- g, i &R &
B, N 29.67~32.29 mg - g ', R O K A TR
(19.35~21.76 mg- g VIR A2 1£(16.99~17.58 mg g »;
EEREERAC, N1.36~1.60mg- g

2.5 ERHOM

WIER T iR, ¥4 I A% dk 8 IR 7= i AN = (1) 14
AMBPRFEA N 144 T By, AT 2 505 70 BT » $E L
BB KT 1R ER D 24, Bit T E TR R L
96.991% , £ N AZ e 1% SR 7= B A o, VR A T
NS G Tabr. 281 £ IMEHE(E N 8.425, 5
ZETTHREE N 60.179% , L5677 RT3 IR B 7 & B
RR AL A =W S 1= 3 = 1= 1 - N
AR 7 NMERNE R, FERBUIRR
7 AVANE G 5 5 26 2 32 o AR AEAE R 5.575,
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Table 6 The amino acid compositions in kernels of the walnuts from trees with different canopy shapes  (mg-g"
SRR B 31% Tre‘e shape _ ;
Amino acid compositions EENEPSIA TR B TR
Natural round shape Open centre shape Trunk-layered shape

W T B R F%& IR Threonine (Thr) 6.27£0.24 a 6.12+£0.56 a 6.75£0.38 a 0.417

Essential amino acid 455 % Valine (Vla) 6.9840.17 a 7.55+1.02 a 7.87+0.69 a 1.022
%R Methionine (Met) 1.36+0.05 a 1.60£0.14 a 1.56+0.32 a 0.359
55L& Isoleucine (Ile) 5.67+0.33 a 5.53+0.51 a 5.90+0.61 a 0.812
SRR Leucine (Leu) 11.05£0.46 a 10.47+0.29 a 11.50+1.16 a 0.293
22 R Phenylalanine (Phe) 8.73£0.50 a 9.07+0.68 a 9.92+0.75 a 1.127
#i %= FL Lysine (Lys) 4.56+0.29 a 4.44+0.70 a 4.86+0.58 a 2.101

e 2R RAE R Aspartate (Asp) 17.58+1.08 a 16.99+0.72 a 17.06+2.26 a 1.665

Non-essential amino acid 4y s Gerine (er) 7212025 a 6.87:0.83 a 7.89+0.80 a 1.241
A% Glutamate (Glu) 31.75+2.16 a 29.6743.27 a 32.29+2.74 a 0.659
H& 8 Glycine (Gly) 7.68+0.34 a 7.4240.61 a 8.00+0.72 a 0.447
P& 2 Alanine (Ala) 5.04+0.29 a 4.67+0.17 a 4.63+0.33 a 0.056
I Z R Cysteine (Cys) 2.30+0.47 a 2.21+0.30 a 2.38+0.21a 0.271
Ji% & 2 Tyrosine (Tyr) 7.89£0.54 a 8.02+0.53 a 9.11£0.63 a 1323
4% % Histidine (His) 3.56+0.07 a 3.42+0.28 a 3.7240.19 a 0.085
K& Arginine (Arg) 19.54+2.90 a 19.35+1.42 a 21.76£2.27 a 1.263
Jifi %% Proline (Pro) 10.70£0.67 a 9.62+0.23 a 9.72+0.88 a 0.257

IR 5 B KR Total amino acid 157.8749.22 b 153.02+6.56 b 164.92+7.19 a 5916

W it R LR 7 B Total essential amino acid 44.62+7.47 a 44.7843.02 a 48.36+4.27 a 12

D ifs R AR LE ) Essential amino acid ratio/% 28.26£5.11a 29.26+2.27 a 29.32+3.60 a 1.573

R7T ERSMBEE. FERME. BHHERMRE ZETTHREE N 36.812%, L5 T B KR DT Bk

K& B 5 B FH BT R

Table 7 Eigenvalue, variance contribution rate,

cumulative variance contribution rate and component

matrix of the first 2 principal components

=
tekR RS o

Principal components

Index or parameter

1 2

PRSP I LR B Average yield per plant  -0.951 -0.317
W T BRI AR 2 7 -0.931 0.364
Average yield per unit canopy projection area

P34 5 BT Average single fruit weight 0.987 0.164
=7 & Kernel weight 0.853 0.522
7¢J5 Shell thickness -0.983 0.181
Hi{ "% Kernel rate 0.939 -0.345
SRHIFE % Fruit shape index -0.942 0.335
K [4)5 % & Protein content -0.503 0.864
FHIE 7 & & Crude fat content 0.186 0.983
PR LR 75 & Ascorbic acid content 0.273 0.962
S5 BE% & Total sugar content -0.092 -0.996
A FEFR 512 i Total amino acid content 0.052 -0.999
Wit B IER & 1 Total essential amino acid ~ -0.299 0.954
W 75 F LR L) Essential amino acid ratio  0.774 0.633
'RE{E Eigenvalue 8.425 5.575
7 22 T1Wk 3 Variance contribution rate/% 60.179 36.812
A7 ETTRE 60.179 96.991

Cumulative variance contribution rate/%

LG 8 8 B R R AL T S B 6 AN I
S R R T S TR .

B AEHT 0 E G HOR BRI AL IS 46 55 2 A
R0 [R5 43 3 LM I 7 2 O S0 ARSF T AR 40 3
B S R TR b U R R R P 2 A VR AR 1 43
1Y)+ %4543 11 15 48 IS A0E A8 11 7 22 Sk 2 11 3
TN R R ILE A PS50 L LUHAR
REARFHGZERS. WESFir, 6T =8,
FR BTN 40 VA 2 T 43 SR T R0 T A B AR
ST + 45 T 3R TR B R TN P 4 U R TR
TAN T SR B S T « 2 A 10 SR 7 B R 95
TR 2, 3 Bl T B0 25 I 1k R S5 T4 27 T
IR E R L
3 4

SRR AR HE T 250 9 AR AE KR A
N TR . B IR AR B AR 1 388 44 3 R 42
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Table 8 Values of principal components and synthetic analysis indexes of different tree shapes
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