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Abstract: The dehiscent nut and incomplete hulls of thin-shelled walnut (Juglans regia) seriously
influenced the quality of nuts and kernels. In order to explore the relationship between the development of
nut shell and phytohormones, and to provide a theoretical basis for regulating the nut shell development. In
this study, ‘Zanmei’ (thick-shell cultivar) and ‘Liaohe 2’ (thin-shell cultivar) walnut as material, the
development of thin-shell and thick-shell nut shell was studied by Wiesner raction. [AA, GA, ZR and ABA

contents were determined during the process of shell differentiation. ‘ Qingxiang” (moderate thickness shell
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cultivar) walnut as material, the characteristic, structure and components of mature nutshell were evaluated
after treated by 6-BA, GAj; and paclobutrazol (PAC, a specific inhibitor of gibberellin biosynthesis) at
different concentrations during shell development. The results showed that the shell development of

‘Zanmei’ and ‘Liaohe 2’ began at 45 days and 51 days after anthesis (DAF ) respectively and the nut shell
initially formed at 60 DAF, and then lignin within the shell deposited gradually. In pericarp, the GA, TAA
and ZR content of decreased, and ABA content decreased firstly and then increased during the period of
shell differentiation. 50 mg - L' GA;increased the thickness of the stone cell layer and fiber-cell layer,
thickened the shell, enhanced suture force grade, and 100 mg - L' PAC decreased the contents of lignin
and polyphenol with the thinner of sclereid layer, sclerenchymatous cell layer and fiber-cell layer. 100
mg - L 6-BA treatment decreased the longitudinal diameter, transverse diameter and side diameter of nuts
significantly, but there was no change in the structure of the shell tissue. Conclusion: Shell development of

‘Zanmei’ was earlier than that of ‘Liaohe 2’ . For ‘Qingxiang’, 50 mg - L' GA; increased the thickness
of sclereid layer, and 100 mg - L PAC inhibits the thickening of nut shell, indicating that GA is involved
in the regulation of nut shell development. The nut became smaller after treated by 100 mg - L™ 6-BA, but
there was no change in the structure of shell tissue.
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WK, BT aRRR, RERE A, REARFKE A RE G, 0 r X KEH IR R R
L%, Fomy IR RIS (BEESF &, 20105 AR EARIZESLE, 20160, DAL, HRIHE
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—E SR R UL 257 (CCEWIEMIANIL) & S BREEMARID, 2015 E MR IA ERIL
HIRAE RS TR RO 7L, ERFHOEE (5 H25 H&E 6 H 15 H) 3 d R&E 1 &K
i, TR ENIESERERNE. 5 A 25 HIERAERKET—2, BRI 958 RN oM E R
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S, DUSZKCONOT IR, AR, HAR/NX, S IRESE . RIGH (9 A 10 B AN EER S 20 /N RSE,
FH - SR 72 45 W R0 i 43 O 5

BOFEERE &, FEER ) iy IR R 4E G 2 07 M9\ Y), SR Wiesner VERTIIA i TR L (Alba et
al., 20100, TAA. GA. ABA Fl ZR [l 2 S BXINAEEE (2008) 5k, KARSENE S KA
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Fig.1 Lignin deposition process in walnut pericarp

Red section is the part of lignin deposition.
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Fig. 2 Changes of endogenous hormones content during walnut shell differentiation

The different letters symbolize the significant difference at P < 0.05 among the different developmental stages of same cultivar. The same below.
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2.3 5NE 6-BA. GA;F0 PAC X#x#k SR 7= 4540 K 4B AL B =2

GEE HER IS RN FIKEEIANE 6-BA. GA; il PAC AbH 5, #o R RREFTAK
AN (R 1. 100 mg - L' 6-BA AbH 5 RIBFIMGE . BRI RZER/N, 7R REGEREE
FEAR IR AR, 150 mg - L A3 5 RFEMIMR AR AR K, 1 70 8 M 4% 6 28 B % oA tH LB 25 A8 A
50 mg - L'GA; b3 5, BRMMARE. BEMKERKERERN, HEREEMNESLEEED
FHRT A, 20504 1.15 mm #1209.47 N, HARAKEL AP R AE . BRI C R E RN . ik
J¥ PAC (150 mg - L) AbEE, HszAKAZRHMH], AREIEH A H;: 50 #1100 mg - L' (1 PAC 4# )5,
IR L . BRI R R AR B EAL, (5100 mg - L AL 555 5 1 B3 /N0, {05 0.81
mm, ZE5%EEE (191.64 N) tHEEM TR, R RUH, 4MNFE 6-BA. GA; fl PAC 5t #
FRB AR, Hd 50 mg - L' GA; b3 AT 0 SR 7e 1 )5 B f4E & 28 K% B, 1 100 mg - L)
GA &AM 7 PAC AbBEAE R FAR

F1 SME6-BA. GA; FIPACK ‘BE BHEREHHOKE
Table 1 Effect of 6-BA, GAj; and PAC on the shell structure of ‘Qingxiang’ walnut

HE A K Wp/ (mg-Ly  MEmm PfEmm e mm TR N
Plant growth regulator Concentration Longitudinal Transverse Side diameter Shell Shell seal grade
diameter diameter thickness
6-BA 0 4321 a 36.88 a 37.03b 1.03a 201.17 a
50 4344 a 3743 a 37.72b 1.07 a 202.26 a
100 41.18b 3543b 3573 ¢ 1.02a 200.58 a
150 4445 a 38.08 a 39.02a 1.05a 200.44 a
GA3 0 4321 a 36.88 a 37.03a 1.03b 201.17b
50 44.05a 3720 a 3721a 1.15a 209.47 a
100 43.65a 36.66 a 36.52a 1.01b 203.16 b
150 4287 a 36.72 a 37.04a 0.96 b 199.95b
PAC 0 4321 a 36.88 ab 37.03 ab 1.03a 201.17 a
50 4327 a 3586 b 36.11b 0.94 ab 203.12a
100 4377 a 38.10a 3825a 0.81b 191.64 b
150 — — — — —

VE: 150 mg - L' PAC AbHIE SR ER R H, FUIKTURGREGR, B < %5, HUReBE R a5, RRAG 5 E%
7 [F A AT R RV BEAE 0.05 AKFZER BE. T,

Note: After 150 mg - L' PAC treatment, the walnut fruit development was abnormal, bars indicate no data available. Data are analyzed by
Duncan’s new multiple range test. Different lowercase letters indicate that there are significant differences in different concentrations of the same

plant growth regulator at 0.05 level. The same below.

— N NRFE T EREHZ, HEZEAARANR. ARG HRBHKET R, 5 9EE &k
R EE I — PSR, R E RS AANZE . JERAGA R ZE A 4 4 )Z 3 6
SRS e A R AR B e A G IR, BRI A B o G IR, AR AR A AR B T TR SR
MU AR B . AFIVREE 6-BA ALFEX AR R R A RER N (R D, HEFUE (& 2) K,
150 mg - L' 1) 6-BA AbERI K T A 44k 4iH 2 JE B, 50 mg - L' 1) 6-BA Ab3n] i 2 34 2R 7o v 2
&5 50 mg - L' GA; AbBH 48 SR 76 A 40 i )5 AN 4T e A At i 25 )5 S 35 G K Xt e e )R
WK GE AR B PRI AR R R, 150 mg - L () GA; AbFE W] 2 208/ N 4EAL AN R Z SR P - BEE GA
A AT PAC ANERIR BRI, RSO diiRE . JERELL 40 i 2 RN AT 410 40 il 2 B RS 1) S AR /N
#, Hrh 100 mg - L ARBRIAIA 257K, IF HOAR SR 3 A 2 ) & 5800 R 25 IS, 1 B AN
MO TR FM AR T RFMA S, KRR SR REE MR EEER
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F2 SNE6-BA. GA;FIPAC K “BE HHEFARLHRA SR
Table 2 Effect of 6-BA, GA; and PAC on structure and component of ‘Qingxiang’ walnut shell

RO BELAR .., ) e e e
JUT i o MM A AREE KRR SMoR
AT IR J5BE /um JZ B jum e = = -1
1 . . BEE/um  K/Mum 8/% /% (mg L)
Plant growth (mg- L) Thickness of ~ Thickness of . S
. . Fiber-cell Stone cell  Cellulose Lignin Polyphenol
regulator Concentration  Sclereids Sclerenchyma .
layer perimeter content content content
layer cell layer
6-BA 0 864.21 ab 8327a 84.73 b 28.06 ab 150l a 49.80 a 32.76 b
50 89493 a 71.50 a 86.43 b 3145a 1542 a 50.33a 34.16a
100 854.59 ab 77.00 a 88.17b 31.6la 1549 a 49.99 a 3291b
150 813.50 b 85.78 a 14393 a 26.84b 15.15a 49.54 a 33.06 ab
GA; 0 864.21b 83.27 ab 84.73 b 28.06 a 15.01 a 49.80 a 32.76a
50 916.00 a 101.94 a 123.88a 27.30a 1497 a 50.65 a 3229a
100 860.55 b 87.58 ab 70.00 b 32.16a 15.10 a 49.70 a 32.12a
150 845.09 b 68.38b 48.00 ¢ 2737a 15.16 a 49.69 a 3159a
PAC 0 864.21 a 8327a 84.73 a 28.06 a 150l a 49.80 a 32.76a
50 811.36 a 64.00 b 70.25b 27.57a 15.00 a 49.90 a 2893 b
100 687.28 b 66.88 b 66.36b 27.56a 1435a 48.86 b 27.87b

150 - - - - - - -

3 Wi

BB AE KRS B A EEE S, Rl X aifm o2, A S 4 i RE 1] ot 4 2205
HEMHER, Z2MHEDBERES SRR R ZH A B EE R (BHME %, 2009; Didi et al.,
2015; Parketal., 2015). AT ABFFRM, ARHERLIEFEFIREIT (drabidopsis thaliana) TWE )
| LR AKSS [F#RIA (Didi et al., 2015), 1fi AtKSS 7E 2T 4 20 o A R R FE K% 4 P B T il
R EISCHER (Burk et al., 2001). ABFFLHZBAEE 39d (5 H25H) £54d (6 H9H) N
SRR, BRI Py SR R B RE > 249K (Zhao et al., 2019), TMULIdFEF PR GA &
EIRWFEAC, HEVCNET R GA & &R TA R FIRIL, PR R A il o R, 2 5 kE
# GA S B FRAK, P 5 B 4 23 22 R 186 KA BT 2% - Guo 25 (2015 7t % B GA; Al {23 FAMEC Betula
platyphylla) T IREIA B HIK G » 1 PAC BA 0H1E F, A0 7 b & B R4 R4 50 mg - L' GA;
AR, RFEA MM E R 4L AN I E E RGN, T GA $i ] PAC AE S T AARE . JEREYH
JZ AT HEAL B2 R RS I8 I, HE—2DAEsE GA fEERE L /Mb H EH . GA 63 59 REAR
REMA K. Li%E (19700 KIEIKE GA AR RIA R, WA NAHERE GA 7iFS
AN R A LT 4E )B4 4E (Levyadun et al., 1999). ABFFE kAL 54d (6 H 9 H) RFEAR
F KRBV GA 4EFFEEURIKF, AT ERIEE 1A B ZHUTHL

ABA 25 KFE R A IR FE. Basra 2 (1992) AN ABA i F#A POD 3% 13k 1M i 4%
RABERITE G, Mohr I Cahill (2007) YCNTERLR S HURIE RS, ABA /KB KA 2 & )
FIHIE 5 1H Yang 55 (2001) [T F03R BB AR 4E AR BEIDE - 4617, H ABA S &M ILE g, thit
ABA ¥ KF (Hordeum vulgare L.) J5nl 755 54 ML R A BETE BOMH % 1) HYNAC 53815, H ABA
W B A B AR F P (Christiansen et al., 2011). AHFFE A%k B R 5T Bl IGEA FLET ABA
SREE LT, WHESETNREAFRAKREDRE, EHENCEA B REER. BEmR
KPR G FARR = RIS ABA/GA HILE 2 IEMK (FHE, 200600, AT, #
PR T HILE ABA/GA HUAE & T BRI | AR DTN

AN ST R B, 2R K 2RI AN i 40 24 3R 70 4 A BE A 8 R ok 4B B (1 448 B 3ok 2 v B R 35

(Singh et al., 2009; Didietal., 2015), 41 NAA AHEHLFE T S MYB26 IRIEE R, FH40
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i HAA AL, B0 A K R AEAR AL FE B S48 4E H (Cecchetti et al., 2013 ); XI|ZNHEE (2006)
AR S SR FER TAA XA S A T BB A IHIE R . AW T TAA S EEZIESS 40 d /&
A W I B I S I T [, 1T S D SR A R T R R R DU (Zhao et al., 2019),
VLR TAA &2 PR et @R AR itk . 54K RN, BREAUM S HEE TRE Pk
KPR AHP 7] H0 40 M A BE R A (Jung et al., 2008); /i ZR 9 A] DL AL 40 M i T B (X))
/NBH O, 20060 AREFFEHRAZBR R RGN ZR & EEA WD), HEREARINEES, 54K
FARMARIL . 150 mg - L' ) 6-BA (R RERZBE Py B LT 4L MM (38 22, AR AR 70 22 5 th m] BB
JELEE 20 FRLIRT TR 1o

TERBR R SL R Bk R, 65 35 ~ 60 d 2 52 B I GBI 1, P SR Bz A A ) R S AL g SR
7o, PSP RFEARTAGE TR (BRALu), HE AR HARALRE AL, X517 A (Pinney
& Polito, 1983; Zhao et al., 2016) MIFFALER . HAHEFE (2019 DNLCLEBFR AR
TAEREAN PRz B LT RN A, HEDA A S Fh O i A 22 S S 3 AN eAMARHI 72 p
Wit Wiesner J2 3% B AZ B AE S BHT 30 d, HEBLAR S R IRIR TR, 1X 5 AT IR 75 45 S (Zhao et
al., 2019) 2 —FW. TN R LK E G AL A fF Tk — 2 7.
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