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Effects of growth regulators and medium on cuttage adventitious root
occurrence of Alniphyllum fortunei
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(1. Sichuan Academy of Forestry Sciences, Chengdu 610000, Sichuan, China;
2. Chengdu University of Technology, Chengdu 610059, Sichuan, China)

Abstract: [Objective] This study aims to investigate the effects of growth regulators and medium on cuttage adventitious root
occurrence of Alniphyllum fortunei, and to provide theoretical for 4. fortunei propagation by cutting. [ Method] Using lignified
branches of 2-year-old A. fortunei as the cuttings, an orthogonal experimental design with four factors and three levels was employed
to investigate the effects of growth regulator type, concentration, treatment duration, and medium composition on adventitious root
formation. Combined with anatomical observations, a total of twelve cuttings growth indices were measured and statistically analyzed
to clarify the regulatory effects of each factor on cutting rooting and seedling growth. [Result] The soluble sugar content, PPO, and
IAAO in the 4. fortunei growth regulator treatment group were higher than those in the control group during both the adventitious root
formation stage and the adventitious root growth stage. The average root length, average root diameter, root volume, fine root specific
root length and fine root specific root area of NAA treatment group were significantly higher than those of other treatments; regulator
type x concentration, regulator type X treatment time mean analysis showed that the rooting effect of high concentration (1 500 mg-L™)
and low treatment time (10 min) of NAA treatment was better. Four principal components were extracted by principal component
analysis, which were the comprehensive growth status of aboveground and underground parts, root coarseness index, root length index,
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and comprehensive growth status of root system. The highest comprehensive score was T13, that is, 75% vermiculite+25% perlite was

selected as the matrix, and 1 500 mg-L" TAA was used for 10 min. the rooting rate was 71.87%, and the rooting index was 147.19.

[ Conclusion] The root system growth of A. fortunei cuttings belongs to the callus rooting type, with adventitious roots emerging

around 56 days.Through growth regulator treatment, the dynamic changes in soluble sugar content and oxidase activity (PPO. POD.

TAAO) in A. fortunei cuttings can be accelerated, thereby promoting rooting.Cuttings of Alniphyllum fortunei exhibited optimal growth

under the T13 treatment, offering a reference for large-scale clonal propagation.

Keywords: Alniphyllum fortunei; cutting; growth regulator; medium; adventitious root occurrence; principal component analysis
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A-D. Cuttings at 0, 28, 56 and 84 days after cutting. E-H represent the cross-sections of the cutting base at 0, 28, 56, and 84 days after insertion respectively.
Co=Periderm; Ar=Adventitious root; Cpc=Cortical parenchyma cells.
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Fig. 1 The rooting process of A. fortunei cuttings
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Fig. 2 Soluble sugar contents and oxidase activities during the rooting process of 4. fortunei cuttings
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Fig.3 The rooting conditions of cuttings under different treatments
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Fig.4 The dry weight and fresh weight of cuttings under different treatments
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Table 2 Growth indicators of A. fortunei cuttings under different treatments

FHIRK

yusil AR W S CAIERS AR Average root AR
Treatment Rooting rate /% Number of leave Shoot length /cm  Total root length /cm length /cm Root number
1 46.73+5.71 6.5610.51 6.1612.65 112.05+53.68 15.80+1.38 7.33+4.16
2 56.87+12.55 5.56+1.39 5.77+3.38 103.16£71.67 13.11£6.49 7.33+4.04
3 73.60+7.46 3.67+1.53 4.30+0.57 107.84+36.64 16.10£6.65 7.00+1.00
4 50.27+13.89 7.00+2.89 10.54+7.74 179.14+£134.36 21.66+6.13 7.67+5.69
5 74.87+2.10 8.78+0.84 11.01£2.32 266.201+69.86 18.76 +6.93 14.33+1.53
6 63.77+22.41 5.56+0.51 6.07+2.06 197.29+106.23 21.284+9.02 8.67t1.53
7 65.73+4.44 4.89+0.19 4.27+0.38 124.28 +34.36 16.35+0.94 7.67+2.08
8 54.13+11.87 7.33+1.53 6.14+1.40 194.16 +63.94 16.05+2.28 12.00+4.36
9 63.70+5.14 6.5610.96 6.82+3.19 152.34+22.54 11.09£2.51 14.00+1.00
10 73.07+5.40 8.55+2.27 11.91£1.07 186.39+35.18 10.06+1.86 18.67+1.53
11 70.57+4.57 6.78+1.65 6.01+1.24 168.12+77.42 17.10+2.08 9.67+4.04
12 52.57+11.10 6.89+1.68 471%£1.75 111.28£20.51 25.45+1.51 4.33£0.58
13 71.871+2.48 6.33+1.77 4.73+1.34 204.571+46.72 25.78+3.60 8.331+3.21
14 68.271+15.73 6.67+2.34 8.29+3.49 197.08 -80.64 41.731£40.43 8.001+5.20
15 47.731+10.89 6.00£0.58 3.62+0.57 81.55+11.24 18.04+3.09 4.671+0.58
CK 21.67+2.48 5.67+£0.58 532+1.32 161.12£30.60 22.534+2.94 7.33+2.08
e A iR A AR e LA
Treatment Index of rooting wverage root Root surfazc ¢ Root volume /em®  Specific root length  Specific root area
diameter /mm area /cm
1 51.07+£21.42 0.52+0.07 19.29+11.15 0.26+0.17 129.91£123.88 115.56+54.37
2 54.82+37.95 0.50%0.02 18.27+12.28 0.25+0.18 38.82+18.44 52.881£34.65
3 78.27+24.58 0.50+0.07 17.45+3.99 0.24+0.08 96.69 +65.80 105.28 =70.66
4 101.52£88.13 0.40+0.04 2091+£17.52 0.21£0.17 80.901£43.58 60.95+30.15
5 198.42£46.60 0.48+0.02 41.28+38.16 0.51%0.11 28.80+5.53 64.55+2.46
6 134.94+86.26 0.50+0.02 20.55+6.58 0.25+0.08 100.31£39.14 98.42+36.89
7 81.66+22.48 0.52+0.08 21.19+6.98 0.28+0.12 64.97+£5.53 83.52+£24.52
8 106.17£49.58 0.52+0.03 30.79+10.06 0.40+0.13 63.02+21.53 113.48+21.90
9 96.40+8.66 0.47+0.03 24.08+8.03 0.30+0.12 39.76 £3.27 85.82+17.22
10 135.67+£22.89 0.55+0.04 29.64+6.29 0.41£0.10 28.424+6.90 82.92+15.88
11 117.29+52.47 0.56+0.04 28.47+13.87 0.40+0.20 47.001+9.46 73.03+27.92
12 59.66+20.47 0.67+0.03 21.88+5.66 0.37+0.12 132.96+18.52 116.3+42.38
13 147.19£35.60 0.64+0.02 41.174+10.28 0.66+0.17 84.99+59.73 125.99+58.86
14 129.86+39.52 0.55+0.04 30.25+13.29 0.42+0.17 139.08 £137.82 97.27+19.67
15 38.40+7.48 0.68+0.06 19.13+7.82 0.28+0.08 144.62+40.73 144.04+25.44
CK 35.41£10.19 0.49+0.01 22.86+3.82 0.27+0.04 110.541£42.46 108.72+24.23
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Table 3 ANOVA of A. fortunei cutting tests

77 ZRKJR Source of variation

DR 45 K B gf&ﬂ%*ﬁﬁmﬁ ) i{éi@ﬁ:fj’u XERIE AERIEIR X A
Dependent variable ] Growth %)ﬁi fic Hﬂ_ IR Growth ﬁfj‘iﬁﬂ‘llﬂ_ AR ERE Growth PRI ] Growth
regulator Medium ratio regulatlop Treatment time regu_lator X Growth regulator_>< Treatment

concentration regulation concentration time
AEMR 2 Rooting rate 0.443 0.377 0.084 0.006%* 0.014* 0.197
%02 Number of leaves 0.117 0.012% 0.768 0.979 0.465 0.108
HA K Shoot length 0.068 0% 0.691 0.647 0.038* 0.041%
SR K Total root length 0.685 0.027* 0.685 0.371 0.135 0.280
SFEIRREK Average root length 0.026* 0.443 0.026* 0.509 0.739 0.443
1 2% & Root number 0% 0.033* 0%* 0.269 0.040% 0.037*
A ARFEHL Index of rooting 0.639 0.013* 0.639 0.106 0.026* 0.227
FHIMRAZ Average root diameter 0** 0.091 0%* 0.303 0.162 0.053
TR A FIMF Root surface area 0.293 0.183 0.293 0.172 0.057 0.309
TR & &F Root volume 0.020%* 0.472 0.020%* 0.142 0.014* 0.254
LLAR K Specific root length 0.006%* 0.721 0.130 0.817 0.832 0.704
LEAR AR Specific root area 0.012% 0.173 0.740 0.660 0.601 0.113

Fox R SRR TE 0.05 F10.01 AP EEAA RFEM, FF. *and ** are significant at 0.05 and 0.01 levels, respectively, the same below.
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Table 4 Comparison of mean growth indicators under different single factor treatments

M OFTER BRI CPIERK RA S B CPERE RAER AR RK HR

ESES 7K Rio i%m}: HE Shoot Total root Average  #U& F8%0  Average root  [HIFH AFL Specific  THH
Factor Level rate /O/g Number length/ length/ root Root Index of diameter/ Surface Volume/  root Specific
’ of leaves cm cm  length /cm number rooting mm area /em’  cm’ length root area
AR AL 61.69 6.00 6.87 15571 17.58**  8.57** 100.10 0.49%* 22.70 0.29*  77.20*%*  83.02*
Gtifth A2 6537 7.31 7.72 17525 13.58%* 13.58** 113.88 0.52%* 28.25 0.38*  44.55%* 88.81*
regulator A3 60.11 6.47 5.34 148.62  27.75%*  6.33*%* 9378 0.64** 28.11 0.43* 125.41%* 120.90*
Bl 59.92 6.13* 5.52%*% 140.77* 17.63 8.62*  84.80* 0.54 24.70 0.36 83.74 102.19
L F R
j‘;gﬂ Lt. B2  66.62 6.78%  5.09*%* 170.54*  19.40 9.30* 108.24* 0.55 29.65 0.42 74.04  104.63
Medium ratio
B3 61.95 5.81*%  4.99** 142.81*  18.19 7.67*  93.07* 0.57 22.34 0.30 89.22 99.75
AR C1 58.04  6.68% 6.85 16559  22.72 824  100.07 0.53 24.59 0.33 99.03  96.43
RREZGrowth ) Cioe  asx 644 15198 1600 1000 10287  0.53 2548 033 7747 99.92
regulation
concentration C3 66.88 6.33* 6.67 154.60 16.32 10.50 104.84 0.55 27.57 0.40 54.30 86.33
DI 65.96* 6.65 6.76 174.95 20.94 9.90 117.41 0.54 29.39 0.40 76.36  92.25%
N R
&EHTE D2 65.75% 6.17 6.75 150.70 18.22 9.67 102.14 0.55 22.38 0.32 89.59  100.73*
Treatment time
D3 52.25% 6.47 6.52 139.50 17.22 7.92 75.23 0.53 28.11 0.29 81.84  92.84*
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Table S Comparison of mean growth indicators under the interaction between growth regulator type and concentration

A

o BT R - W PR D FER K
o e appgem TR SIRK e gp s i TORE e RARBIRK o
FE KF . Shoot  Total root Average root Root  Specific .
Rooting Number of Average root  Root Index of "~ .. Root Specific
Factor Level length /  length/ . diameter / volume/  root
rate /%  leaves length /cm  number rooting surface 3 root area
cm cm mm 2 cm length
area /cm
Cl  53.59%  6.67** 7.59 136.96 19.64 8.00%* 95.84 0.47 19.72%¥*  0.23**  103.71  91.64
Al C2  73.40%  6.50%* 7.66 186.17 17.43 11.00%* 138.35 0.49 29.37**  0.37** 6275 84.92
C3  61.30%  5.50%* 5.02 116.09 14.73 7.50% 68.24 0.51 19.73%%  0.28%*  51.90 68.20
Cl 62.35 7.00 6.08**  176.84 16.58** 11.00* 111.73 0.54 29.63 0.40 55.01 93.26
A2 C2  63.70 7.00 6.82*%*  156.03 11.09%* 14.00* 96.40 0.48 24.08 0.30 39.76 85.82
C3 73.07 9.00 11.91%%  177.61 10.06%** 19.00* 135.67 0.55 29.64 0.41 28.42 82.92
Cl 60.42 7.00 6.50 140.70 33.60 6.50 94.76* 0.61 26.30* 0.40 136.02  106.78
A3 C2 4773 6.00 3.62 75.60 18.01 5.00 38.40%* 0.68 18.10% 0.27 144.62  144.04

C3 71.87 6.00 4.73 203.22 25.78 8.00 147.19% 0.64 41.17* 0.66 84.99  125.99
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Table 6 Comparison of mean growth indicators under the interaction between growth regulator type and treatment dutation

" . p &
e K BRK THRK i TR F EN LA K
- B e ERIERSS WA FIHRK AR %TE TR i R Hﬁk{k H AR T
HE KT . Shoot Total root Average 6% Average root Root  Specific .
Rooting Number Root . Root Specific
Factor Level length /  length / root Index of  diameter / volume/  root
rate /% of leaves number . surface 3 root area
cm cm length /cm rooting mm ,  cm length
area /cm
D1 62.44 6.74 7.15 167.51 16.97 9.78* 110.38 0.51 27.25 0.35 74.56 87.88
Al D2 68.68 4.61 5.18 152.57 18.69 7.83* 106.61 0.50 19.00 0.25 98.50  101.85
D3 53.57 6.28 8.16 141.15 17.39 7.50* 78.17 0.45 19.59 0.23 59.86 56.91
DI 67.13% 6.67 6.42*%*%  160.23 14.10 11.83*  106.84 0.52 26.28 0.35 43.38*%  79.43
A2 D2 73.07* 8.55 11.91%*  186.39 10.06 18.67*  135.67 0.55 29.64 0.41 28.42*  82.92
D3 54.13* 7.33 6.14*%*%  194.16 16.05 12.00%  106.17 0.52 30.79 0.40 63.02*%  113.48
DI 70.07* 6.50 6.51  200.83**  33.75 8.17  138.53** 0.60 35.71 0.54 112.04  111.63
A3 D2 52.57* 6.89 471  111.28** 2545 433 59.66%** 0.67 21.88 0.37 13296  116.30
D3 47.73* 6.00 3.62  81.55%* 18.04 4.67 38.40%* 0.68 19.13 0.28 144.62  144.04

26 ARICETHEEERIBTER ST 2

EECA AR EE R AR AR R SR B
M. BARK. PIRK. REHE. FRHEH.
FIMRAE . RARIA. RREI HARK K& AR
AL 12 AN FRFRREAT B 4007, LR ZE & P4
ANFAC T AR AR L A R . DIRRIE(E KT 1
NIREUbRE, LR 4 N FERS R F. HET A
I, AT 4 R R TTERERIA B 84.429%, F
BHIX 4 AR 700G U 12 A8 PRI 2SR
PC1 F1EAE N 4.992, DTk %A 41.603%, H i
FEE . K SR B AR, RO
[ bS53 R LR A KR YL PC2 RHIEE N
2.736, TIBARN 22.797%, “TIIRZMIEAT i,

FALM R JF 46 PR, PC3 RFIE{E M 1316, TR
9 10.965%, “FIIMRA I ET ey, RIEIR RKE
fekr. PCAHFIEAE v 1.088, TTHAF A 9.064%,
R B =, RIER REEE A KRN

MR £ o AT g5 R, DL R 18 7 22 Dk
FONBLE, X150 347 BRI, MR G
PR F=0.416F, + 0.228F,+0.110F,+0.091F,.
MRS LE &S5, T HT (B8 o H
R8I ER A M &5 R nl J, T13 &3 AN TS 4b3
R EEEAF o AL TERT A, 3 WX PR AN Ak 22 ) -4 2
B, H, T13 AFERRZMEHERR (PC2)
FWRTFEHERE 1, TS AN B HR
T sEE EKRGL(PCH R R TR HEL H 1.

®7 BHNMIEREHENRG EREHE

Table 7 Principal component loading matrix and variance contribution rate of each evaluation index

AFIPFAN $8 #5837 Principal component loading matrix

FEF5 Index

PC1 PC2 PC3 PC4

LEHR#E Rooting rate -0.184 -0.059 0.018 0.686
& Number of leaves 0.315 -0.081 0.123 -0.329
B Shoot length 0.279 -0.261 0.118 -0.199
JSARK Total root length 0.205 -0.018 0.070 0.030
IR Average root length 0.088 -0.131 0.526 0.114
R A ¥ & Root number 0.121 0.024 -0.263 -0.014
HEHRFEEL Index of rooting 0.089 -0.039 0.076 0.312
FIIRRAE Average rootdiameter -0.076 0.424 -0.083 0.047
R R T A Surface area 0.157 0.189 -0.078 0.035

i Z 14 Root volume 0.097 0.292 -0.107 0.093
LEAR K Specific root length 0.038 0.003 0.432 -0.096
LLARTHI A Specific root area 0.056 0.369 0.007 -0.188
F3{iFH Eigenvalue 4.992 2.736 1316 1.088
TTHk % Contribution rate /% 41.603 22.797 10.965 9.064
ZiFTTHR % Cumulative contribution rate /% 41.603 64.400 75.365 84.429
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Table 8 Principal component factor scores and comprehensive scores of rooting indicators
e [X]-¥4543 Factor score g’%éﬁﬁj\. Hey
Treatment F F F F Comprehensive Ranking
1 2 3 4 score
1 -0.218 203 923 0.008 851 743 0.264 350 307 0.102 056 647 40.58 10
2 -0.728 907 347 -0.677 438 557 -0.553 180 200 -0.311 799 597 24.49 15
3 -1.225 743 203 -0.131 701 293 -0.091 639 347 -0.972 984 287 31.89 16
4 0.499 907 423 -1.686 000 357 0.617 906 207 -0.722 232 143 45.06 12
5 1.505 502 497 -0.560 850 810 -0.315 981 050 0.194 367 117 63.66 2
6 -0.160 319 367 -0.377 141 393 0.375 067 017 -0.550 677 137 45.42 11
7 -0.839 193 700 -0.100 130 060 -0.333 150 227 -0.400 252 523 37.38 14
8 0.492 697 540 0.328 069 737 -0.428 023 423 0.254 345 897 57.26 5
9 0.008 408 850 -0.442 581 937 -0.848 304 120 -0.144 895 213 44.22 13
10 1.023 981 050 -0.303 241 697 —-1.024 265 783 0.469 383 500 58.15 4
11 -0.062 964 207 0.067 280 200 -0.424 501 750 0.297 156 190 49.14 9
12 —-0.370 934 750 0.982 577 627 0.641 198 253 0.927 751 273 56.36 6
13 0.280 989 943 1.696 576 637 -0.029 944 747 0.489 947 400 65.46 1
14 0.514 358 390 -0.146 552 370 1.536 871 590 0.021 572 293 59.96 3
15 -0.793 999 733 1.368 888 903 0.277 006 773 0.747 379 750 52.27 7
CK 0.074 413 970 -0.026 610 090 0.336 587 303 -0.401 130 610 50.72 8
3 17 1 AR AR KR T A B TAA SRR b, HFAR

AN 58 AR TR (1 T2 o A2 A A0 T 4 26 AR ) S ik
o M FEAEYION, EEENAERELT,
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(T13) , FEWRO LA A 1, HH R
SR, MRRMBEL R LSRR s T & A
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AR, AT ARRAR S B G RS s, T R
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BHa S d R, KA 50% b +50% 15
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