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Effect of radicle excision treatment on the growth of pecan seedlings

NI Zhongtao, HOU Zhiying, LI Caiyun, WANG Zhengjia"
(Zhejiang Agriculture and Forestry University/The State Key Laboratory of Subtropical Silviculture, Lin’ an 311300, Zhejiang, China)

Abstract: [Objective]This study investigated the effect of radicle excision treatments on the growth of
pecan seedlings in order to provide technical support for the cultivation of pecan.[Methods] ‘Pawnee’
pecan seeds of the same size were selected for temperature-controlled germination. After germination,
the pecan seeds were divided into three groups according to the radicle length. Group F had a radicle
length no longer than 2 ¢cm; group S between 2 and 4 cm; and group T longer than 4 cm. The control in
these groups was designated as F1, S1, and T1, respectively. The treatments with root tip removal in the
three groups were recorded as F2, S2, and T2. The treatment with 1/2 radicle removed in group S and
group T was designated as S3 and T3, respectively, and the treatment with 2 cm radicle left in group T
was assigned as T4. All the nine treatments had three replicates each with 30 seeds. The treated germi-
nating seeds were planted in the same container, and then the seedling emergence rate was recorded.
The growth index, root morphological index, and some physiological and biochemical indexes of the
seedlings were measured and statistically analyzed in mid-June (early growth stage) and mid-Septem-
ber (late growth stage). [Results] The seedling emergence rate of F2 was significantly increased by
14.8% compared with F1. No significant difference in the seedling emergence rate was found among
treatments in group S. However, the seedling emergence rate in T1 was significantly higher than in T4.

No significant difference in the length and ground diameter of the above-ground part in group S in the
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early stage of seedling growth. Compared to S1, the stem and leaf dry weights of S2 and S3 increased
significantly by 48.3% and 81.8%, respectively. The dry root weight of S3, increased significantly by
22.7% and 25.2% compared to S1 and S2, respectively. The total dry weight of the seedlings in S3 was
significantly higher than S1 and S2, by 30.0% and 27.7% respectively. In the late stage of seedling
growth, the radicle excision treatments in groups F and T had no significant effect on the growth and
root morphology of seedlings. Compared with S3, dry root weight and average root diameter of S1 in-
creased by 18.7% and 23.5%, respectively. The total root volume of S1 increased by 52.3% compared
with S3, while the diameter in S1 increased by 16.1% compared with S2. There were strong main roots
in each treatment, and there was no significant difference in the lateral root number among treatments.
There was no significant difference in chlorophyll content and photosynthetic parameters among differ-
ent treatments in the later stages of seedling growth. Analysis of chlorophyll fluorescence revealed no
significant differences in F\/F.,, F./F, in S and T groups. Meanwhile, F\/F,, and F./F, in F2 were signifi-
cantly larger than those in F1. There was no significant difference in root activity among treatments in
group F at the early stage of seedling growth. Root activity of S2 and S3 increased by 1.87 and 1.45
folds compared with S1, respectively. The root activity of T2, T3 and T4 increased by 62.3%, 43.0%
and 42.5%, respectively, compared with T1. In the later stage of seedling growth, the soluble sugar con-
tent in F2 was significantly higher than that in F1, and S1 was substantially higher than S2, suggesting
that the seedling quality and resistance of F2 and S1 were better. On the other hand, no significant differ-
ence in soluble sugar content was found among treatment in T group.[Conclusion]Root tip removal of
germinated seeds with radicle length less than 2 cm improved seedling emergence rate and quality. Inter-
estingly, germinated seeds with a radicle length between 2 and 4 cm had better seedling quality and root
growth without radicle excision. Meanwhile, for germinated seeds with a radicle longer than 4 cm, cut-
ting off half of the radicle facilitated sowing and obtained a higher seedlings emergence rate.
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Table 1 The radicle excision treatments in pecan seeds

with different radicle lengths
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Fig.1 Emergence rate of pecan seeds under different radicle excision treatments
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Fig.2 Growth indexes of pecan seedlings under different radicle excision treatments
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Fig. 3 Root morphology of pecan seedlings under different radicle excision treatments
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Table 2 Root morphological indexes of pecan seedlings under different radicle excision treatments
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Treatment Root RO(.)t ) Root ) ROOt. Root 5 Tips Forks Crossings Lateral
length/cm projarea/cm’  surfarea/cm avgdiam/mm volume/cm root number
F1 696.61+74.97 ab 59.57+4.30 ab 187.15+£13.52ab 0.89+0.05 ab 4.11+0.33 ab 4 3574412 ¢ 5150+553 bc 722491 de 37.11+1.96 be
F2 603.77£23.82 b 54.94+3.11 ab 172.61£9.76 ab 0.91+0.03 a 3.96+0.32 abc 4 458+141 ¢ 4280+100c  607+19¢  39.89+2.18 abc
S1 791.38+£5591a 65.0843.93a 204.47+12.33a 0.84+0.05 ab 4.34+0.43a 6 1224267 b 6 152+408 ab  893+79 c¢d 42.11£2.97 abc
S2 753.74+50.70 ab 59.11£3.68 ab 185.70+11.56 ab 0.79+0.03 be 3.67+0.26 abed 6 092+320 b 6 142+703 ab 953+108 bed 40.22+2.83 abe
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T4 760.81+£22.48 ab 48.92+3.10b  153.67+9.74b  0.64+0.04 d 2.54+0.30 ¢ 6539108 b 7249+335a 1359+100a 46.11+2.11a
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Fig. 4 Photosynthetic parameters of pecan seedlings under different radicle excision treatments

232 THERABESN FIF. RG]
(PSTI) ¥ 85 KOt R A #3426, 2 Wi 70 &% Fh 2R 458 1y
B XA AR 2 ) B B R bR s FUF A2 PS5
VI RE R R, e e 7 PS T I fEVE " . H
B S Al w9 A4y, S AT 4 & MBI F/F.F
Fo T8 % %= 5% F2 i FJF..FJF, 3% KT Fl,
SR YK G, F2 [ FJ/F.FJF, &
#AKT Flo

233 etgEEe=EoA HE 6L 1E9 Hin, 4l
WM E S8 a b BB R LR E ER. 4
AR AR A K ST I, B IR AR Ak 20 4 e -
R BELRE,

234 REFHHH HETEHELE6 Hin,F b
BEIAR R0 H N B3 2 7 S2 FT S3 B KT
S1, 0 M3 T 187%K1 145%: T2. T3 I T4 &3 K
F T, 55 T 62.3%.43.0%F1 42.5%. 45HR%
W, FE 2 P A K RTI , IRAR AL BT F 20 25 i AR
RIG TR ERW, S F T 4L IR HE A0 R AR R0

A 6

ab ab 2 2

A~

[\

KRG EV e e e s R
F,JF,

(=]

F1 F2 S1 S2 S3 T1 T2 T3 T4

Kb Treatment

ab ab a a

E,/F,

SRS R GRE e H R

F1 F2 S1

S2 S3 TI T2 T3 T4

Ab3# Treatment

El5 AEETAERAIERER LT B E IR RS H
Fig. 5 Chlorophyll fluorescence parameters of pecan

seedlings under different radicle excision treatments



s

b
[o)}
&

A P, 45 - WO JVR AR A TGS Y 5 LL A B R 408 1 A A RO B2 i 863

>

Chorophyll a content/(mg-g")

[\ w
1

w4k 3Ka)

F1 F2 S1I S2 S3 T1 T2 T3 T4
Kb Treatment

o8]

%

(=]
1

—_
W

w (42 b)
Chorophyll b content/(mg-g™)
5

=
[

S
=)

F1 F2 S1 S2 S3 T1 T2 T3 T4
AbFE Treatment

Elo A RETFERAEER LEMITFEEHRESE
Fig. 6 Chlorophyll content of pecan seedlings under

different radicle excision treatments

IS
=]
(=]

[N}
(=3
(=]

100

0
F1 F2 S1 S2 S3 T1 T2 T3 T4
AbFE Treatment

7 TEEERACEAER LIRS IR RED
Fig. 7 Root activity of pecan seedlings under different

TTC reduction strength/(mg-g"'-min‘")

radicle excision treatments

VARTE NSRS

235 TEMESESA RS ELEYE
BB IE R NE RV, 2 i Y sk
JiU B ) AR AR I 8 Bl 9 H A T A4k
B VETERE S B R E E R F2 BF KT FLL, R
39.0%:S1 RF KT S2, K 18.2%. LKW, E4)
B A JE T, W AR AR B X T 44 7 ol v M A

TGS 25 B0 5 F AL AR AR 22 K T X i S %)
HE G 25 KT AR SR AL B
3o i

ASHE U I X AN R IR AR L 10 < Je T e
MR 7 HEAT AN A (0 W R AR AL B, 36 AH % 5 izt

w (AT LR
Soluble sugar content/(mg-g')

0
F1 F2 S1 S2 S3 T1 T2 T3 T4
KbFH Treatment

B8 A REERAEAER LSRR TAMESE

Fig. 8 Soluble sugar content of pecan seedlings under

different radicle excision treatments

ATWSE , SRR FTAS 5] P T AR 4k 2206 9 5% LU AZ BR T
AR . MARIE S5 FORE , T AR A 2 Xt
A IAZ BRI R A K R RS
FAE AL TR PRIA — B IR .

Xof v 3 L AZ AR B 1 T R AT 0 ] BAK
D, RS 45 d, F2 M T RE FL BEm T
19.0% , % B RARA BE/N T 2 em B R 3E4T Wil
A0 B AT DA Ry et R 1K 5 R SCREIRT L A b
TWT AR AR 5 R a6 g5 R — 20 AR K JE /N T 1 em
() L A 1 3R AT T RS AL B S, HE T R Ak R R
w11 34.43%, I BLIEARSE IR S Bk U i VAR B o
T8 4 S A UL B T UDAR B R BB B H e T
Bro A WFFEZREH , W7 AR AL B w] DAFT R =5 AR ) T00
AR A R AR K I HLRE , 3G 5 AR AR 1R 2 A2 RE T,
ML AR KR EY, —E A AR T AR XS
K3 SRS (PSS, A R TR I . AR PR R
Ab 3R b 1) BRI DA, AR R , HH R
1 22 IR B AR B B4R s e L bk P T B
BRI R . AT R R K I AR 43 AR T
Ji R BER ISR £ B 7K 4y N3R5y, A R F R R
B o B A JVR R BRI VR AR Ak 3 46 A 52 el 98 6 1L %
B 2R ) B LR 2R, L W VAR (1 (5] B AR 1)
KRE S0, B R R B R Rt R A T
Bk, M TR EE KT T4, 5 T2.T3 L&
EERVLVEH, YR WL 2 0, M1
R4 B, 3 B C s W AR 1 (i 33k 4 FH G798
AR AR K BE ek D (R AR, AT S B0 T &R
B

Eb A [ B 39 9 5 1L A Bk 40 1 1) AR K H s T
DA IR, 75 A BT A AS 7] 1) Wi S iR Ak 38 06} 4 1 2R
KERANE, S W IR AR AL B AT T2 AL B4 F (1)



864 3 gy

4

i #3745

AR RIE, A A K AT 4R RS 1
MWrEgs S A T AW AR A EE AR RiE 135 12
TR R AR AR T, R A R K
JVRAR 2R AT 38 22 F 7 VS AR A 2 e 08 12 1 4 1 AR &R
W1, NS A K. fEGAE K G 1L F 41
AMTHNSERPERKER LR EZES, X5
Devine S5 ) [X] UG P 3EAT Wi AR Ab 22, 1
SRR AT I 2R R VR R AR R S X R
EHERWPFRE RS FEH Tilki ZE20%F Kl Ak
Folt 3R AT W AR Adh B, 2 K 3 4 Rt R BT AL
(45 5%, Kb 2R 5 40 v 1) o BE L AR Lt B L
THRESHBEEEZS . EOmAEKEN, B
JU A AL T ) 5 0 R 55, S 2H %o HE A T ) — e 2E K Fg
PRFIAR RIE AT Ar E 2l T Wi AR b3 . 5 —
T3 THT 5 B AN W7 R AR (1) 3 AN HE A B 04T LR B
T %) R AR A5 JoE I, 43 7 (1 R R0 25 A 6 HOHH
TERR ) 23 SCEORAR R B X e /b o BRI BLAb , 25 4k
R G A 3R B R ) AR, B A ER
MIHEHTE & 25 22 57, 2 W 7 JU R Ak B850 Y5 1 L A Bk
21 U805 AR A R 0 AR G 2 2

S I AZ B D i AR B A TR RR I 45 R L,
N EKEY, # AL SRESEADLES
HEREZER. RIEHZREIOCSHRR L Ry
BT, F2 I RGeS R R WD e e 3 AR 1)
T F1, 388 F2 28 FE A, PS 1L 7R TS
PRI o 5B AR K JE IR 4 i mT s PR R = )
ELER L, F2 BE KT F1, R F2 A FE T (40 i
BHPUERLS ;ST B3 KT S2, KW S1 AR
4 R

4 #

TR FE L AR T A 7= A, 5 T AR /T
2 cm [P)FRT AT DURELD) BRAR 22 1 J7 v 48 v
RAYH R E 0T AR EETE 2~4 om R T, A
T VAR P b L &0 1 ) R AR R AR K R A, (R L
TE T BEAT W R FR A AL B s 5o T IR AR K KT 4 em )
T, 07 (R P A5 125 v 1 HE 2 T DL SR B
172 AR 751

ZEHL References:

(11 RIES ORI R WRAR 77 7 BOR [J]. MRk SR, 2004,
47(11):25.
LIANG Yingrong. Seeding technology of radicle pruning of big

(2]

[3]

(4]

[3]

(e

(7

(8]

[9]

[10]

[11]

seed tree species[J]. Forest Science and Technology, 2004, 47
(11):25.

KL 5, 2 [ 0 B3, 1RV TR 5% 2R RIS AR A AR A 1
R % T T R R B G MR SRR 1A 5 i [0, Molk A
2017,53(6):47-55.

LIU liajia, LI Guolei, LIU Yong, SHANG Zhiguo. Combined ef-
fects of container type and radicle pruning on seedling quality
and early field performance of Quercus variabilis container
seedlings[J]. Scientia Silvae Sinicae, 2017, 53(6):47-55.

LIU J, BLOOMBERG M, LI G, LIU Y. Effects of copper root
pruning and radicle pruning on first-season field growth and nu-
trient status of Chinese cork oak seedlings[J]. New Forests,
2016, 47(5):715-729.

BKF . DREMUIMR ERASRSE
W RHE ,1996,23(3):12-17.

WEI Yongping. An experiment on the root-cutting and mycorrhi-

T RCR BB [T]. fR AR

zaized container seeding culture effect of Pinus massonianalJ].
Journal of Fujian Forestry Science and Technology, 1996, 23(3):
12-17.

HARRIS J, FANELLI J, NIEMIERA A, WRIGHT R. Root prun-
ing Pin Oak Liners affects growth and root morphology[J]. Hort-
Technology, 2001, 11(1):49-52.

R S 2 SRR IR AR AR B SRR B ) S A
EHARBILI]. PEARERE™,2010,24(4): 1-3.

WANG Chengyi, LI Jing, BI Lianzhu. The study on effect of
radicle pruning on Xanthoceras sorbifolia seedling and match-
ing technique[J]. Forest By- Product and Speciality in China,
2010, 24(4): 1-3.

W E Bk . AR IR AR M 2500 B BOR MBI FE[T]. 3 e Aol
$,1995,21(2): 14-17.

YANG Wanggqiu. Study on seeding technology of radicle prun-
ing and shoot tip pruning of Castanea mollissima[J]. Hunan For-
estry Science & Technology, 1995, 21(2): 14-17.

FAEM, sl sdt . WTIRARAR HEER A 4 i AR RIS R L)), S 0%
MRAEFE 52000, 18(3): 38-39.

DAI Weiming, ZHANG Xianjin. Promoting the growth of
young Ginkgo seedlings by cutting off the radicle[J]. Economic
Forest Researches, 2000, 18(3):38-39.

MCCREARY D D. The effects of stock type and radicle pruning
on blue oak morphology and field performance[J]. Annales Des
Sciences Forestiéres, 1996, 53(2/3):641-648.

DHANAPAL A P, RAY J D, SINGH S K, HOYOS-VILLEGAS
V, SMITH J R, PURCELL L C, FRITSCHI F B. Genome-wide
association mapping of soybean chlorophyll traits based on cano-
py spectral reflectance and leaf extracts[J]. BMC Plant Biology,
2016, 16(1):174.

R, PRRKEL, )11 FRF5 2K, B . ANR) TTC i e A4
IR 5 PR RIS AR (0], WA, 2008, 1(1) :39-42.
ZHENG Jian, CHEN Qiuxia, JIN Chuan, GUO Xiuzhu,
HUANG Pinhu. Study on the root system vigor of container



%6

A P, 45 - WO JVR AR A TGS Y 5 LL A B R 408 1 A A RO B2 i 865

[12]

[13]

[14]

[15]

seedlings of Liquidambar formosana Hance and other broad-
leaved trees by different TTC methods[J]. Journal of Zhejiang
Agricultural Sciences, 2008, 1(1):39-42.

KNG, FAHRAE AT, B2, 50050, SO, 2R 22 AR
PR B LR R S 56 1 SE (7], 9256 SR 4, 2013, 16
(2):19-20.

LIU Haiying, WANG Huahua, CUI Changhai, WANG Man,
GUO lJingjing, WEN Zhaopu, LI Anqi. Experiment improve-
ment of the soluble sugar content determination by enthrone col-
orimetric method[J]. Laboratory Science, 2013, 16(2): 19-20.

U FEVE , T8 Sk WA, 9 SCHE . 23R 9O 0 T BORFE AR
KREEE RS AI]. BHASSHK,2006,17(10):1973-1977.
WEN Guosheng, TIAN Haitao, ZHANG Mingru, JIANG Wen-
wei. Application of chlorophyll fluorescence analysis in forest
tree cultivation[J]. Chinese Journal of Applied Ecology, 2006, 17
(10):1973-1977.

RATL VG, ZE IR0, 2R, AR 25 . VT VA VWA v 55 ) A
A AR ], RN, 2006, 34(24) : 6423-6425.
ZHAO Jiangtao, LI Xiaofeng, LI Hang, XU Ruimin. Research
on the role of the soluble sugar in the regulation of physiological
metabolism in higher plant[J]. Journal of Anhui Agricultural Sci-
ences, 2006, 34(24):6423-6425.

JA S AR IR AR BN T AR R AR AN A A B RS 7. b
JEZ,1995,19(3):26-27.

ZHOU Wenzhi. Effects of radicle pruning on root- out and

[16]

[17]

[18]

[19]

[20]

growth of Armeniaca sibirica (L.) Lam seedlings[J]. Northern
Horticulture, 1995, 19(3):26-27.

Bk, 2P 22, BET A . SRk U)W AR BB 6], e v ol
ABL2,1959,3(5):190.

YAN Lin, JIANG Ping’ an, SHEN Xinsheng. An experiment on
the radicle pruning and sowing of Juglans regia L.[J]. Journal of
Shanxi Agricultural Sciences, 1959, 3(5): 190.

TEFS T . A ROR T R[], W E AR R 1981, 8(4):
17-18.

WANG Xiufang. An seeding experiment on the radicle pruning
of Cinnamomum camphora (L.) Presl[J]. Hunan Forestry Sci-
ence & Technology, 1981, 8(4):17-18.

XUFPE, S 2, FER L WOR A BT R AR R K
FHIRNALT]. Mol SRR 2013, 56(10):47-49.

LIU Chunyang, SHI Anguo, WANG Wei. Effects of radicle prun-
ing on root development of Peaonia ostia T. Hong et J. X. Zhang
[J]. Practical Forestry Technology, 2013, 56(10):47-49.
DEVINE W, HARRINGTON C, SOUTHWORTH D. Improving
root growth and morphology of containerized oregon white oak
seedlings[J]. Tree Planters’Notes, 2009, 53(2):29-34.

TILKI F, ALPTEKIN C U. Germination and seedling growth of
Quercus vulcanica: effects of stratification, desiccation, radicle
pruning, and season of sowing[J]. New Forests, 2006, 32(3):
243-251.



