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Abstract: [Objective] Xinjiang is one of the earliest regions in China to plant walnuts (Juglans regia
L.), and in 2023, the area of walnuts in Xinjiang have reached 42x10* hm’, with an output of 133.41x
10" tons, bring economic benefit for farmers in Xinjiang.. The soil in the region has high salinity, and
the walnut industry in Xinjiang is currently limited due to lack of good rootstock. Black walnut (J. nig-
ra L.) is a potential excellent rootstock for walnut. In practice, the grafting affinity vary with different
combination of scion and rootstock. Therefore, this study aimed to systematically evaluate the graft
compatibility of different scion-rootstock combinations of walnut and black walnut to identify the opti-

mal combinations. [Methods] In this study, we constructed Eighteen scion-rootstock combinations with
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three walnut varieties Xinzaofeng, Wen 185 and Xinxin 2 and six black walnut strains with high resisi-
tanc to salinity. The nursery trees of the rootstocks were planted in 2024 and the scion varieties werer
grafted on them by budding. Each combination had 30 plants. Afterwards, 14 indexes such as new shoot
length, leaf area and SOD activity were comprehensively evaluated by principal component analysis.
[Results] Xinzaofeng and Wen 185 had the highest survival rate (68.89%, 77.78%) on No. 1 rootstock
and better growth potential with the rootstock No. 5/6. Xinzaofeng had higher soluble protein and sugar
content with the rootstock No. 6 (P<<0.05) and the lowest PPO activity (12 665.57 U-g"), and the weak-
est POD and CAT activities with the rootstock No. 4. Wen 185 had highest soluble sugar content and
PPO activity with the rootstock No. 5, but the lowest soluble protein content and SOD and POD activi-
ties. Wen 185 and Xinxin 2 had the lowest PPO and CAT activities with the rootstock No. 3. Xinxin 2
had the highest survival rate (54.44%) and growth potential and POD activity with the rootstock No. 6,
the highest SOD activity (2 123.17 U g") with the rootstock No. 5, and the highest soluble sugar and pro-
tein content with the rootstock No. 2, but the lowest SOD and POD activities with the rootstock No. 4.
The principal component analysis showed that the Xinzaofeng had the highest affinity score (0.659)
with the rootstock No. 6. Xinzaofeng had the lowest score (—0.848) with the rootstock No. 4; Wen 185
had the highest affinity score (0.744) with the rootstock No. 5, the lowest score with the rootstock No. 3
(=0.604). Xinxin 2 had the highest affinity score (0.900) with the rootstock No. 6 and the lowest score
with the rootstock No. 1 (-0.640). [Conclusion] Based on multidimensional evaluation, the principal
component analysis concluded that Xinzaofeng and Xinxin 2 showed the highest affinity with 6 black
walnut rootstock. Wen 185 showed the best performance in 5 combinations. It is worth noting that the
rootstock No. 4 should not be used as rootstock for Xinzaofeng. The rootstock No. 3 should not be used
as rootstock for Wen 185. The rootstock No. 1 should not be used as rootstock for Xinxin 2.

Key words: Walnut; Rootstock-scion combination; Survival and growth characteristics; Physiological

indices; Grafting affinity
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Table 1 Abbreviations for grafting materials and combination names
£t A HE 2 T A HeE Eo filiAK HE
Scion Rootstock Combination || Scion Rootstock Combination || Scion Rootstock Combination
WEE k1S Z1 W18s k1S Wi W2 HEMkS X1
Xinzaofeng Black Walnut No. 1 Wen 185  Black Walnut No. 1 Xinxin 2 Black Walnut No. 1
EEk2T 72 B2 5 W2 B2 5 X2
Black Walnut No. 2 Black Walnut No. 2 Black Walnut No. 2
B35 73 B35 w3 B3 5 X3
Black Walnut No. 3 Black Walnut No. 3 Black Walnut No. 3
B4 5 74 B4 5 W4 B4 5 X4
Black Walnut No. 4 Black Walnut No. 4 Black Walnut No. 4
BEbks 5 z5 Bk 5 w5 BRREs 5 X5
Black Walnut No. 5 Black Walnut No. 5 Black Walnut No. 5
Hbke 5 Z6 Hbke 5 W6 Hbke & X6
Black Walnut No. 6 Black Walnut No. 6 Black Walnut No. 6
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Fig. 1 Survival rate of different rootstock-scion combinations
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Table 2 Differences in growth traits of different rootstock-scion combinations
o LRI ANES BRHE ik e TR EL A K - E A
Combination Shoot Shoot Leaf anf L;af length— Leaf Leaf arca/mm’
length/cm thickness/mm length/mm width/mm width ratio perimeter/mm
Z1 14.13+1.66 ¢ 8.20+0.62a 155.30+18.22ab  77.60+6.81a  2.00+0.07ab  446.10+44.17ab 8 186.18+1 697.02 ab
72 14.53£1.07 ¢ 7.89+0.93a 148.41+22.17ab  7532+8.44a  1.97+0.13ab  434.20+45.05b 7 726.50+2 031.77 ab
VAl 10.37+£1.10d 6.69£1.15a  169.17+46.61 ab  91.68+23.92a  1.84+0.09 b 482.99+£113.43 ab 12 031.75+5 316.09 ab
Z4 15.542.08 be 6.53+1.62a 132.83+27.39b 73.32+19.75a 1.84+0.17b 396.02+£96.36 b 7032.41+3 077.26 b
VA 24.37+£3.72a 7.511.28a  165.78+13.42ab  79.10+8.03a  2.10+0.09 a 476.59+19.83 ab 9 182.30+1 788.16 ab
76 18.57£1.33 a 8.0140.50a  181.78+38.53 a 103.28+53.34a 1.91+0.34ab  721.38+560.94a 12 585.23+7 963.16 a
Wi 22.87+1.76 ab  6.82+1.46a 139.59+17.75b 69.06+8.70 ¢ 2.02+0.09 ab  400.38+52.97 a 6963.61+1 943.47 ¢
w2 32.73£4.72 a 8.66+£0.59a  141.25+23.52b 71.49+13.59 bc  1.99+0.14 abc  411.78+64.29 a 7230.30+2 634.5 be
W3 20.43£5.50 b 6.95+1.22a 146.49+22.49ab  79.63+9.57ab 1.84+0.12 ¢ 422.28+69.36 a 8310.02+2 219.92 abe
W4 20.40+4.09 b 6.58+1.44a 14547+10.83ab  69.86+9.79c¢  2.11+0.25a 406.26+32.97 a 6890.71+1 382.15 ¢
W5 30.67+4.37 a 8.54+1.62a 163.52+15.96 a 81.98+6.28a  1.99+0.10 abc  459.13+27.49 a 9529.72+1 354.16 a
Wo 24.77£836 ab  7.52+0.35a  157.36+19.47ab  82.88£7.68a  1.90+0.11bc  460.77+49.07 a 9370.45+1 716.84 ab
X1 6.27+£0.78 b 5.3940.30a  135.15+19.61cd  65.20+6.15¢c  2.08+0.29 abc  369.34+41.32 ¢ 5967.29+1 191.24 ¢
X2 17.10£2.09 a 6.58+1.76a  133.29+16.35cd  70.51x4.45bc  1.89£0.15¢ 372.02+39.83 ¢ 6453.66+1 122.12 be
X3 25.47£2.10 a 5.64t1.83a 146.97+21.33bc  68.71£10.69 bc 2.14+0.11 a 400.14£62.86 bc 7 089.17+2 179.31 be
X4 5.00£1.40 b 5.45+0.77a 123.11+14.07d 63.77£6.51 ¢ 1.93+0.16 bc ~ 345.29+31.98 ¢ 5646.48+993.74 ¢
X5 22.10£3.94 a 5.76+0.41a 158.77+18.70 b 75.24+7.40b  2.11+0.15ab  434.08+40.76 b 8311.13+1 494.48 b
X6 25.50+10.00a  7.57£0.70 a  184.42+25.51 a 90.02+11.37a  2.05+0.12 abc  502.93+67.66 a 11 962.51+3 037.94 a
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Fig. 2 Differences in soluble protein (A) and soluble sugar contents (B) of different rootstock-scion combinations



2326 3 L)

S 4

423

WA T 1 S AU R S8 I B A P47 DT 5 M K 4
Pk SOD fiE . BB 5= 483, SOD i& AR I A
Z1>74>72>75>76>73, Horh 21 &5V e
(2048.58 U-g"), & Z3 HATEMEM 2.33 £ s LA 185
R, SOD ¥ 1t MK I W3>W4>W1>W6>
W2>W5, W3 A1 SOD (2 079.97 U- g B3
T HAR L A5 (P<<0.05) s LLBTHT 2 V424, SOD
W PE AR RO X5>X6>X2>X3>X1>X4, X5 4l &
SOD(2 123.17U-gH 5 X6 H & (2 057.60 U- g
TR 2R AH R m T HARA A (P<0.05) (& 3-
A

FEIEHEAR BT, PODZ 5 KFE R A K,
FLRE T B A B I B s . LABT R
RN, POD G HEAR IR N 21 >723>276>74>75>
72, i Z1. Z3 HE RS2 m T HAAE A (<
0.05), 27 H 311 U-g' f13.09 U-g', il 22 44
PR (1.64 U- g s . 8H5 185 1, POD i PE 4K
YA W1>W2>W3>W6e>W4>W5, i F POD % 1t
1E W1 G 3w T H AR A (P<0.05), A
3.40U-g'. 1M W5 HERIEHERIC 81250 ¢,
& W1 H G 136.76% . HEEHTH 2 4, POD i 1K
TN X6>X2>X5>X3>X1>X4, POD i M 75 X6
P FEm 77U -gh), £ X3.X1 Ml X4 2415 B A
(K 3-B),

CAT 1By —Fh N5 & 1 ST B 7 A AR AR 4 i
ghir Rk B AR K . BB R, CAT T
PER N 21>26>22>73>75>74, Hirh Z1.Z6.
72 14 CAT i PE R 2 5 T HAR RS A (P<0.05), Z1
A CAT N 730.13 U-g', 1 Z4 44 CAT 35 1%
1N 447.47 U- g s BRI 185 1, CAT ¥ AR KA
W6>W2>W5>W4>W1>W3, Hd we. W2 44
CAT %M 7 N 834.60 U-g' F1819.17 U-g', B3
T HAb IR R 4 A (P<<0.05) , 5 SOD 3% M AH S 1
#&, CAT iH P e 2 W3 H 4,1 N 478.60 U-g's
FEFE BB 2 T, CAT 3 P K IR X1>X2>X4>
X5>X6>X3, 5 SOD.POD i M4 [ , CAT 35 14 £
X1 HEGHHE, N36.10U g, ZHEEX2HE
T E 2 7 (P>0.05), Hoiksg X4 404G, CATiEMEN
853.33 U-g, feflkAe X6 X3 44,43 AN 469.13 U-g!
A1 44853 U - g', H 70 7l /2 X1 4 & 1 50.12% Al
47.91%(E3-C).

Z By A AL (PPOD EAEA AR N B I (R Yl , B

AL Z T R A AT R, TR 2 5 ORA A S5
W E . R R, PPO TR E IR I
Z2>75>71>73>74>76,72 F1 Z5 44 PPO i& P
BEETHAN A (P<0.05), 70510819 682.73 U - g
11993577 U-g's HAHIE 185, PPO TG K I
W5>W2>W6>W4>W1>W3, W5 4. & PPO i M
(16 727.10 U- g, B AR A W3 51 1.5 i s FeAdt
HOHT 2 WL PPO TR AR VU X4>X1>X2>X6>X5>
X3, Horb X4 H 45 PPO 5 M f i (17 682.53 U - g,
HRAEXIHAE719827U-g)), WA G Z W1 E
EERP>0.05,X3HAMN A 11282.63 U-g' (K
3-D).

23 AKMKREYIRESEREEHREXS T

X AN [R il L A A 1Y) 14 AN F8 bm 3E 47 25 P9 AH O 1
IR, FEREE R A WA R A, B R S T
Wi B (CAT IE MEAFTE 0 3 IEAH GG R, AT b
CAT 51 2 5.3 IEAH G (] 4-A) 6

TEEREIR 185 H , B A R AE 5 B A K\ PPO ¥
PE S W2 B O, K 5 POD 75 1 2 W 2 77
5%,S0D 5 CAT i 1 2 2 3 7 A< (K 4-B).

FEFREHTR 2 T, 5l 185 — 30, B K
5B r R S R IEAR DG . kA, SOD V& M St
e LI KR o T AR 4 5 PR S 2 IE A 9%, SOD i
PEIE 5 9 5 R A2, PPO W M 5 MK 98 b \CAT
R EEIEMEG, MEEEASESTKER
FANAH, CAT 5 5 95 S0 R 2 S OC, S5 M1
2 00 35 R 5%, PPO VG P S I 52 6 3 FUkE 5% (1A
4-C).

EAE R, 76 3 P, A 5 i 58 L i
JAK A A B3 IEA OGO R, TR S A
AR A R IEAH G R R . FIFEHL, K S
I TH R A — 5 R AH DG A
24 ARMEEBEEERS D

XA TRl fili B AH 5 1) 14 SR BRBEAT E Lo 7 AT
PURFAEAE KT 1 bRt BT 32 i o AR R A i T
FREA G R . S5 SRR 3 Fror, BedlH L =F T L
4 A F g, TRk 3 4 i 39.44% . 23.93%
19.51% 11.18% , 22 11 01 ik 6 1k £| 94.06% ; 2 iR
185 Hl 4 /> 3= J 43 T Bk 2 43 73l O 49.37% + 28.02% «
10.36%+8.33% , 1t DTk 61k $1] 96.08% ; 145K T 2
B4 A 3 5 oT ik 2 5 A N 61.80%  17.42%
9.93%.7.73%, R 1T TTHRZ15 51 96.88%



WA AR AR A A R A R 4 v A R DLV

2327

SOD Jf
SOD activity/(U-g™")

POD 3%k
POD activity/(U-g™")

CAT it
CAT activity/(U-g")

PPO &k
PPO activity/(U-g")

3 TRE#ELEA SOD (A)., POD (B). CAT (C). PPO (D) MER
Fig.3 Differences in SOD (A), POD (B), CAT (C), and PPO (D) of different rootstock-scion combinations
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Fig. 4 Correlation analysis of 14 indicators of different rootstock-scion combinations
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Table 3 Principal component analysis data for different

rootstock-scion combinations

el A ik 1ok
g g TR RITCE
Scion Principal Eigenvalue Contribution Accumulative

component g rate/% contribution rate/%
BEE 1 5.52 39.44 39.44
Xinzao- 5 3.35 23.93 6337
feng

3 273 19.51 82.88

4 1.57 11.18 94.06
5185 1 6.91 4937 4937
Wen 185, 3.92 28.03 77.39

3 1.45 10.37 87.75

4 1.17 8.33 96.08
HoE 2 1 8.65 61.80 61.80
Xinxin2 2.44 17.42 79.22

3 1.39 9.93 89.15

4 1.08 7.73 96.88

R4 TEMBEESEETNEISHE
Table 4 Comprehensive evaluation scores and rankings of

different rootstock-scion combinations

F LRI s

) .. Score for each principal component 4545 ﬁFZ.
Combination 5 N p Score Panking
Z1 -0.737 0.614  0.003  1.801 0.170 3

z2 -0.858 0.991 -0.002 -1.129 -0.230 5

z3 0.878 -1.098 -0.751 0298 -0.092 4

z4 -0.935 -0953 -0.796 -0.544 -0.848 6

z5 0230 -0.622 1915 -0.164 0340 2

Z6 1.422 1.068 -0.369 -0.263  0.659 1

W1 -0.187 0555 1.059 -1.036 -0.212 4

w2 -1.120 1.551 -0.483 -0.502 -0.090 3

W3 0.144  -1.033 -1.731 -0.236 -0.604 6

W4 -1.050 -0.857 0.682 0.985 -0.380 5

W5 0.847 0.656  0.046 1476  0.744 1

Woé 1.367 0.239 0427 -0.686  0.543 2

X1 -0.643  -1.092 -0912 1.148 -0.640 6

X2 -0.101  -0.209  1.776 -0.113  0.204 2

X3 -0.902 1.623  0.017 0.639  0.074 3

X4 -0.589 -0.886  0.071 -1.080 -0.596 5

X5 0.439 0.586 -1.003 -1276  0.059 4

X6 1.796  -0.022  0.050 0.683  0.900 1
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