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Induction and proliferation of embryogenic callus on
improved varieties of fast-growing Pinus elliottii
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(1. Co-Innovation Center for Sustainable Foresiry in Southern China, Nanjing Forestry University,

Nanjing 210037 2. Jiangxi Academy of Forestry, Nanchang 330013 )

Abstract ; In order to make the rapid and large-scale propagation of fast-growing varieties of Pinus elliottii, the induction
and proliferation of embryogenic callus were studied. The immature zygotic embryos (with endosperm) of ten P. elliottii
families were used to systematically study the effects of different factors on the induction efficiency of embryogenic
callus, including genotype, the developmental stage of zygotic embryos, basic medium, types and concentrations of plant

growth regulator (PGR). At the same time, the proliferation conditions of embryogenic callus were discussed. The
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results were as follows: The genotype, the developmental stage of zygotic embryos, basic medium and types and

concentrations of plant growth regulator (PGR) all had different degrees of influence on the induction of embryogenic

callus. Embryogenic callus were induced in all ten genotypes, of which the induction rate of Genotype 2 was the highest,

reaching 25.37% ; In the stage of zygotic embryo development, the induction rate of cones at the multiple embryo stage

was the highest; Among the four basic media, the induction effect on DCR basic medium was the best; The induction

rate of 2,4-D 2.0 mg - L''+KT 2.5 mg - L' was the highest, reached 27.78%. The proliferation of embryogenic callus for
P. elliottii was achieved on DCR medium, supplemented with 2,4-D (0.5 mg - L"), KT (1.0 mg - L"), CH (500

mg + L") and Gln (300 mg « L"). This study laid a foundation for further developing mature embryo induction and plant

regeneration of fast-growing varieties of P. elliottii.
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Table 1  Effects of different families on embryogenic callus induction
S e EHEGESR RGBSR
FL [ B Tﬁﬂ'ﬁ[ R 407 2H 28 ARt bj’ﬁ'/? Induction rate of Induction rate of
5 Quantity of : . Non-embryogenic . .
Genotype . . Embryogenic callus quantity . embryogenic callus non-embryogenic callus
inoculation callus quantity
(%) (%)
1 56 3 19 5.36+0.05a 33.93+0.0207¢
2 67 17 10 25.37+0.0351¢ 14.93+0.0707a
3 62 10 14 16.13+0.0257b 22.58+0.022ab
4 70 4 16 5.71+0.0455a 22.86+0.0596ab
5 70 13 15 18.57+0.0304b 21.43+0.0226ab
10 68 11 12 16.18+0.0279b 17.65+0.0566a
14 70 10 15 14.29+0.0334b 21.43+0.0327a
15 70 3 14 4.29+0.0532a 20.00+0.0337a
16 65 2 16 3.08+0.0313a 24.62+0.0219bc
17 70 1 16 1.43+0.0278a 22.86+0.0417ab

e MREFERRRZEFARE(P>0.05)  AFEFRERRZEFBFH (P<0.05), T,

Note: The same letters indicate no significant differences ( P>0.05) , different letters indicate significant differences ( P<0.05). The same

below.
R 2 A[E)RAER E T AL BE M A AR FE SRR
Table 2 Effects of different sampling time on the induction of embryogenic callus for Pinus elliottii
" ” ; S AT A A T R NG IE T AR 7S S
p B WAL 415, by EERBABRERE AR @ A 0 FE
AR . . ; Induction rate Induction rate of
N Quantity of Embryogenic Non-embryogenic . .
Sampling time . . . . of embryogenic callus non-embryogenic callus
inoculation callus quantity callus quantity
(%) (%)
6 H24H 41 0 7 Oa 17.07+0.0404abced
7THI1H 79 0 17 Oa 21.52+0.0579bed
7H7TH 44 2 12 4.55+0.0254b 27.27+0.0836de
7H 14 H 73 6 18 8.22+0.021¢ 24.66+0.0253cde
7H21H 62 7 20 11.29+0.0283¢ 32.26+0.0098e
7H29H 49 1 8 2.04+0.0029ab 16.33+0.0468abc
84 H 81 1 11 1.23+0.0123a 13.58+0.053ab
8H 11 H 70 0 7 0+0.0238a 10.00+0.025a

SR HABREE 25 (K 2), H
H1. DCR Fl WPM >y A 15 57 FE A R 03 41 81
PSR, 9 30.65% Fil 25.40% ; MS F1 BS
AR B 7 B R R, 3 T 14.29% Al
7.14% , 1t A IR 03 2H 278 DO R e A 8 57 0 Y
R T IR E A 4l 8l, 2 ds &
W], 75 DCR A1 WPM #5355 5 LI vE @t 4 205 &

P BT MS Fl B5(P<0.05) , 1 JF I8P i 45 41
SUENFMIEFRE LNIESEER AR E, WY
DCR HI WPM JEAA K 77 ik 7 535 5 I b WA A ol 4 ol
TR ALUE S,
24 AEEMERKBATFIAE K&K E B EE TR 4
BGARFESHFMm

2,4-D 6-BA A KT =FpAt 4 A 4 855 751 Je H



TRFESE . AR IR A R AR IR PE B i 4 205 5 5 5 287

A BTIREEHLNE; B. 8 TIREAFRINHE; C. & THREEHIVHE,

A. The second stage of zygotic embryo development; B. The third stage of zygotic embryo development; C. The fourth stage of zygotic embryo

development,

BALRG T%

Induction rate of callus (%)

A 2

_— = NN W W
w O S L O W

=]

E 1 7814521 S RERFFAL LTI B

Fig. 1 Developmental stages in which cones were collected on July 14th and 21st
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Induction rate of embryogenic callus
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Induction rate of non-embryogenic
| callus
b b
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" ]
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MS WPM
Fr #2527 Type of culture medium

W
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Fig. 2 Effects of different basic media on

embryogenic callus induction
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6-BA LA, s R ExR, AFEYA
KT FNH G Z R 0 2 205 S R AR e 0 3
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A. Female gametophyte of Pinus elliottii; B. Embryogenic callus after six weeks of induction; C. Embryogenic callus proliferation; D.

Embryogenic callus under stereoscopic microscope (10 fold).

K3 MR A U T g A

Fig. 3 Induction and proliferation of embryogenic callus from Pinus elliottii

mg - L KB 1 500 mg - L' F2 2F 0 30 g -
LRI 7 g« LUARAET 8 T AR AR K
R T R 4 5 0T T b A VR TR A 2H 2 B T e
TESE RS L R op, AT DR B0 R 22 R AT 4
B, AR 15 d B — A R — AT i 0 2 2 AT
B ETE P MR A H A RIE R B R K
B KA DL A0 2 T SR A L = A i (A]
KDL, 5 R Nk 4, SR 4 ZRATLUE I 2
S A A R R B SIS L AR T R
BB FHROCR SR A, A 2H ZR0G BFCDR | 40 L T A K
P, B 22U A 988, Wl B VR i s 20 2

RO TR AT SO AR TR (121 3)
3 WwE55ik

TRl 2E R S5 RE R A&7k
KB W B AR IR IR R A R R T R R
B ER AR E SRR XREY, 25T
W G 565 R T (Pinto et al., 2008) o AME S
RUYEAPE 405 41 205 5 rp e 35 QR ), R[] 3k
PRI RS0 R P A A 245 3 6 1 52 Tl A7 A ) e 22
S, ARWFFE B 10 AN A iR b I B ohE &R
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Table 3  Effects of different PGR combinations and concentrations on embryogenic callus

induction by immature embryos of Pinus elliottit

O K U Je B A et 0 BEAL 57 %
PGR combination and concentration Quantity of Embryogenic callus nduction rate of
(mg - L") inoculation quantity embryogenic callus
(%)
0 90 0 0a
2,4-D 0.5 90 0 0a
2,4-D 1.0 90 2 2.22+0.0257a
2,4-D 2.0 90 6 6.670.0274b
2,4-D 1.0 + KT 1.0 90 18 20.00£0.0205¢
2,4D 1.0 + KT 2.5 90 13 14.440.02d
2,4D 1.0 + KT 5.0 90 5 5.580.0234h
2,4D2.0 + KT 1.0 90 14 15.56+0.0217d
2,4-D 2.0 + KT 2.5 90 25 27.77%0.0186f
2,4-D 2.0 + KT 5.0 90 7 7.78+0.0231be
2,4-D 1.0 + 6-BA 1.0 90 13 14.440.0249d
2,4-D 1.0 + 6-BA 2.5 90 10 11.11£0.0205¢
2,4-D 1.0 + 6-BA 5.0 90 7 7.78+0.0437he
6-BA 1.0 74 0 0a
KT 1.0 188 0 0a

x4 AREWERKETFAS KR EX R B A 4H R I8 5E 8 %

Table 4  Effects of different PGR combinations and concentrations on embryogenic callus proliferation of Pinus elliottii

T A A5 541
i WA P g YRR 1 RS 4k 2 A RE KL 3 A RE 4RAL 4 R s
N mfer PGR combination Callus status of the Callus status of the Callus status of the Callus status of the
v and concentration first subculture second subculture third subculture fourth subculture
(mg - L")

1 2,4-D 0.5 + KT 0.5 +++ +++ +++ +++

2 2,4-D 0.5 + KT1.0 +4++++ +++++ +++++ +++++

3 2,4-D 0.5 + KT 2.0 +++++ ++++ ++++ +++

4 2,4-D 1.0 + KT 0.5 +H+++ ++++ ++++ ++++

5 2,4-D 1.0 + KT1.0 +++++ ++++ ++++ ++++

6 2,4-D 1.0 + KT 2.0 ++++ ++++ +++ +++

7 2,4-D 2.0 + KT 0.5 ++++ +++ +++ ++

8 2,4-D 2.0 + KT 1.0 ++++ ++++ +++ ++

9 2,4-D 2.0 + KT 2.0 ++++ +++ +++ ++

T et O s B h B U PR S I+ R m R  + R BT ++ R Wi 3 A KB R A RORE R 2 s +++
FAR ULV RENE BliA 0 RELRE,; ++++Fm @O HN A6, A KB, @R A DB ORI TR +++
++IOREA L A R R BRI A KR ORI B, A AR

Note: In the process of embryogenic callus proliferation, the state of callus was denoted by +. + indicates callus death; ++ indicates dark
yellow callus, water damage and poor growth condition; +++ indicates slow growth of callus, white callus and no protrusion on the surface; +
+++ indicates white callus with fast growth, a few protrusions on callus surface and no viscosity between cells; +++++ indicates white callus,

rapid growth, a lot of protrusions on callus surface, no water stains, and viscosity between cells.
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e A H G T R =R 2 5 1 S R B F
25.37% AR R 17 5 B RN 1.43%,
[ /) 2% S 7€ KB A (Pullman et al., 2003 ; Tang,
2001) | ¥ & #5 (Park et al., 2006) . f& 4 #
( Hargreaves et al., 2009 ) X i+ i #2 ( Montalban et
al., 2012) A HIE . PR, XTI A AN [R]
SRRy ST s I NS TR o187 o LI DA E 7R 7S
PERHN R FR (FEE ) #4715 S, DRI T
Z W R, R I Y TC PR PR B R R R S

G TR E B B 52 i R 0 2 4UE 17 1Y
KN FZ—  WF5E & B, 76 s A4 b o b 1 L 40
REBTBINE T IECRIEAG T IE) A F T 5
W PE A 45 41 218 72 42 ( Montalban et al., 2012;
Alvarez et al., 2013) . ASHF5Y H B & e i 744
ATIER, MEEGALNBEREER LT
FERy s iR R m ey 2 SRR (7 A
14 HF7 A 21 H) , HERCRBPRZF 75 TR K
BIEAL T I BB 255 IV B B, 5 LAAE 58 45
W, BSOS S AR w1 R A I 5 R
5 (2009) RAEMBIFF 5, 55KF =55 (2016) R
RHAAR Z 8RBk R & IR c TR B (I ~
V) —3, RAEBRAT ] 1Y 22 5 7T E 55 A 7] 1 X
SRS A G, B R — B 3R 4R B R [ 4 & 1 3K
REBN WA 2R, B, TR
VR 5 20 20955 3 3, AT L e Rl — T A IR
(0B B B, AR 2 & B Bl e e R REI 38

B I B 20 R (AR B 5% Bk R A W AR A 1 )
T IS TV B2 45 ) il Ay 52 e JVR P 400 20 80355 5 19 0
—CHEN T TR RS S b2t R TR R
R F AR IE & B DCR & AR IR 5 T B A 1
FEAR B SR (FAYKSCEF ,2018) , X AT 4518 —
B, PURP LA B 9% P L DCR 15 95 56 b R 1 41
2UE S ROR T &, 5 F] 30.65%, HALAT 8 BRI
AN R RGP T1E DCR 1537 i SR PE dr i 41 41
BOREAK (Nunes et al., 2018) , X 0] fE 5 A ] L A
TR0 P X B 77 S5 R 7 RN — 8O ¢, Wn]
RE 56 TIRAE B B A A5 g R AH G, AH XY
THEA KRG IR L S A W A I R b 2 R H v
JEE X R i 2H 25 RACRE R e B R (R A
2014 ;Nunes et al., 2018) , AHF5T & Bl 2 fdi Fi)

— ) AR K R T AR R BEAR L 2, 4-D R E
2.0 mg + LRI KT N 2.5 mg - LA, IR 1E A0
HASH T H w155 27.78%

JVS P A A 2 4 kA 4 B AR IR R A ) — AN R
BT, WESE R, AE BE 35 b U A Y v B Y
A A A 8 5 700 AT LA R A 45 2 UL 4
TR IR | H v i B AR 4 A K R T 700 U 2 ol iR
P 477 4 20 B R AT, B 2 SOUR A i R
BAHE 72 45 (RBRAE | 2016) |, il B H B A Y Ak
FE A 0 e i L) 3R AT B AR B B A AR B ST R R
REARAS 5 15 75 56 rp i 9 A R T R R R, oAb 4%
AR BV E A HAE S 2,4-D 0.5 mg - L7,
KT1.0 mg - L'y DCR $5 3% 5L b3 BH AR 4T, @
HLUE AR Be e A R EA K R T K
Wik 8%, 4 M 8] A KL M. Klimaszewska et al.
(2007 ) BIFFE 2 PRFEAR 2 ,4-D e B 345 1F H 84 5 1)
IRPER AL X AR S5 — 5L,

ZE E TR, AT LA b A A R G A
BFR A AR, T 5 S R A A 2 i )
Ty s 0 3 R WA SR B 30 ST IR A 5 41
LU HRE IR RN N — B RIE S K
AR A A B R
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