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Abstract: Date palm, a member of the palm family, is dioecious with highly heterozygous genes and severe trait segre-
gation. The propagation of its seedlings depends on asexual reproduction. Tissue culture technology is currently the
main approach to realize the commercial production of date palm seedlings. However, the low germination rate of so-
matic embryos and the long period of seedling formation lead to difficulties in system construction and high tissue cul-
ture costs. Therefore, studying the physiological responses of date palm to adventitious bud induction regulated by
hormones and optimizing the adventitious bud induction system are urgent tasks. Based on the previous screening of

WisHED 2025-07-04; 3#ZHHE 2025-08-11

BESHE ZHAEABHELTHIRWE (No. 202202AE090104 ); F19: /A 25 MRS BT 3L A BHIF AL 45 35 %15 ( No. 16300120
25307 ),

EHEEN ik T (1989—), &, Wi+, BYEHAFSE R, MR . A RESAEYE R, *EFE/EE ( Corresponding author )
FFig % (FU Haiquan ), E-mail: haiquan.fu@163.com; 2= 7% (LI Jie), E-mail: 13637614062@163.com,



2942 o AE A F AR w46 %

explant types of date palm, an orthogonal experimental design was used to optimize the induction of callus and em-
bryogenic callus. By screening and proportioning the types and concentrations of plant growth regulators in the MS
medium, adventitious buds were induced from somatic embryos. The germination rate of adventitious buds and the in-
duction time of buds were statistically analyzed. Date palm adventitious buds obtained under different hormone levels
were sampled, and the morphological change patterns of adventitious buds were observed. The change patterns of anti-
oxidant enzyme activities (peroxidase, superoxide dismutase, glutathione reductase, catalase), hydrogen peroxide con-
tent, and other indicators in the samples were determined. The results indicated that the bud induction rate was
Pg>P¢>Ps>P,. The highest bud induction rate was achieved under the Py (MS+30 g/L sucrose+3 mg/L NAA+2 mg/L
6-BA+1 mg/L KT) treatment. The shortest bud induction time was under the Py (MS+30 g/L sucrose+2 mg/L NAA+3
mg/L 6-BA+1 mg/L KT) treatment. The highest activity of glutathione reductase was under the Py treatment. The coef-
ficient of variation was the largest for the activity of glutathione reductase, and the range was the largest for the activity
of superoxide dismutase. Principal component analysis revealed that the cumulative contribution rate of the first three
principal components reached 94.614%. The eigenvalue of the first principal component was 2.365, with a contribution
rate of 50.729%. In the first principal component, the activities of glutathione reductase, catalase, and peroxidase jointly
affected, among which the eigenvalue of the activity of glutathione reductase was the largest at 0.821, mainly reflecting
the influence of the activity of glutathione reductase on adventitious bud induction. The results of the study would pro-
vide a theoretical basis for optimizing the adventitious bud induction system and lay a technical foundation for achiev-
ing efficient and rapid propagation of date palm.
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A: The morphological structure of somatic embryonic cells treated
with Pg; B: The bud morphological structure treated with Ps.

Bl fuke e mmRrSsi
Fig. 1 Cell morphology and structure of tested material
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Tab. 1 Experimental design for adventitious bud induction

mg/L
IKF A% Factor
Level NAA 6-BA KT
1 0.00 0.00 0.00
2 0.05 0.25 0.25
3 0.10 0.50 0.50

x2 AEFFSEXIREAE

Tab. 2 Adventitious bud induction orthogonal test treatment

gl K% Factor
Treatment NAA 6-BA KT
Py 1 1 1
P, 1 2 2
P; 2 2 2
Py 2 1 2
Ps 2 2 3
Ps 2 3 1
P, 3 1 3
Pg 3 2 1
Py 3 3 3

122 &4 AEFAFEE. BHEXER
b FEASEBRARIE, ek A E 25 B IR A
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K Excel 45 P50 804 , >R A SPSS 22
AT R . ZRE 2587, LSD IkZ &
LLRR g b E A, A RIBS (3.6.2) #17
FHIME 3T

2 HERE5HW
21 AEEHFREXNAEFFESHZM

Hi& 3 ATLUE H, AR 5 KPR
AR BH K e 25175 S B ) B S [R) 2 BE 9 52
Pg A PR 255 3 R Ik, 185 69.30%, BE ST
HAL B (P<0.05), V-5 FMfE, 84.33 d;
Po AL HR A 25355 5 R A 5] 48.00%, 75 T ) 2 K
FRIBIRHM Py; Py, Py Po AbBLAY A T35
HH 20.67%. 24.00%. 18.67%, ERANEE, 1

Po Ab BRI 275 I ) 800, AU 70.33 d, i 35 AIK
FHABALEE; P; BRI ET R BN 5.00, 2
PN 10.00%, HEFHFTEERK, 5 111.67 d,
BEETHAMAB, R0, Py AbBEWT LIRS
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%3 AEAEFENBEREFEEHNZIE
Tab. 3 Effect of different media on adventitious bud in-
duction of date palm

g R FHEEE  FHEE
Treatment Number of sc?ma.tic Bud germination Bud 'induction
embryo germination rate/% time/d
P, 0.00 0.00
P, 0.00 0.00
P; 10.33+0.47¢ 20.67£0.94° 98.00:0.82°
Py 12.00+0.82¢ 24.00+1.63° 97.67+0.47°
Ps 18.00+0.82¢ 30.67+6.18¢ 82.67+1.25°¢
P 26.00£0.82° 48.00+7.12° 77.33£0.47°
P, 5.00+0.82" 10.00£1.63¢ 111.67+1.25%
P 38.00+0.82° 69.30+9.57° 84.33+0.47¢
Py 9.33+1.25° 18.67+2.49¢ 70.33+0.47°

e FSIAFE/NEG FREFRR 25 B3 (P<0.05),
Note: Different lowercase letters in the same column indicate
significant difference (P<0.05).

22 AEFFEMBERELEEEMNTIEK
SEENER

2 4 AR, 7E5 SR m 1 P 0 43 ik
R TR | 2 S SRR S A AL B P
i, M Py Ab B A2 D6 T RO i B PR f K, Ps
AR B L A A R PR A S AL Y Bl I PR
Po b PR Ry, P3 AbFRAY A Py Py Al Ps AFRAY
ALY AL BTG PR 22 A B 3 . Pe A BRI A
A ER S, Ps AT AAR S BRI, Ps.
Ps Fll Py AbFR[E] 25 5 0 25 0 AL AT UL, A5 IR T AkE
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x4 FRVEBETHERAEFREXBEENTELSIENTL
Tab. 4 Changes of antioxidant protective enzyme activity and hydrogen peroxide content in adventitious buds
of date palm under different treatments

qb g A e H OIS S I AR Ak S I A AP 1 L I A I PR I s

Treatment GR activity/ CAT activity/ POD activity/ SOD activity/ HP content/
(nmol-min”"-g™") (umol-min'-g™") (U-min'-g™h (U-g™h (umol-g™")

P; 2.10+0.50¢ 370.74+14.94° 65.61+45.44° 447.63+77.34° 0.78+0.01°

Ps 9.96+1.25° 116.46+13.33¢ 264.20+65.58" 591.56+107.26° 0.68+0.02¢

Ps 3.36+0.56¢ 281.90+14.13° 298.27+9.27° 1297.53+328.57° 0.98+0.05"

Pg 33.61£2.78" 428.11+13.82° 88.22432.26" 1914.59+234.67° 0.69+0.03¢

P4 26.89+2.68° 347.31+13.68° 128.09+13.94° 770.23+80.88° 0.69+0.06°

T FFIAR/NG FPRFRRZ R B3 (P<0.05),

Note: Different lowercase letters in the same column indicate significant difference (P<0.05).
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Tab. 5 Variability analysis of antioxidant protective enzymes activity and hydrogen peroxide content in adventited
buds of date palm under different treatments

E{=2 B/ME SN W2 FYE T 1 22 5 5 R AL
Index Minimum Maximum Range Average SD CV/%
A e H Ik SRR 5 44/ (nmol - min~'-g 1) 1.64 37.17 35.53 15.19 12.90 8.49
i A SUEES 1/ (umol -min ' -g ) 97.62 438.63 341.02 308.90 107.94 3.49
i A ALY EES H/(U-min g 25.15 330.52 305.37 168.88 102.32 6.06
ALY AR /(U g ) 340.94 2238.34 1897.40 1004.31 572.13 5.70
i AL & R/ (umol-g ") 0.61 1.03 0.42 0.76 0.12 1.56

®6 ARLETHEAEFNELBEENIIEUSLIENHEXN
Tab. 6 Correlation analysis of physiological indexes of antioxidant enzymes activity and hydrogen peroxide content in ad-
ventited buds of date palm under different treatments

=g BREHIGRFE RS AR SRR BB SRS &
Index GR activity CAT activity POD activity SOD activity HP content
A5 I R i g O 1
it S U 0.304" 1
i AL Y T T -0.531" -0.769" 1
LA B AL I 0.271 0.367" -0.037 1
HEAE G E -0.708" 0.041 0.475" 0.149 1

TE: "FOR B (P<0.05),

Note: " indicates significant correlation (P<0.05).
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K7 MELIEFHHLEE. AHERRITTEHE
Tab. 7 Eigenvalue, contribution rate and cumulative con-
tribution rate of indeterminate bud of date palm

Wb e VR R
Composition Eigenvalue Contribution Cumulative
rate% contribution rate%

1 2.365 50.729 50.729

2 1.219 24.386 75.116

3 0.975 19.499 94.614

4 0.223 4.466 99.080

5 0.046 0.920 100.000

®8 MEAREFEMSEHAEMK
Tab. 8 Principal component load matrix of indeterminate
bud of date palm

v 4> Principal component
Index 1 2 3
A5 e s B I 0.821 -0.330 0.474
it S SRR 0.799 0.349 ~0.462
Tt S A W T -0.783 0.279 0.530
8 A AL A g 3 0.551 0.686 0.391
HEAE S -0.555 0.741 -0.322
3 g
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