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Dynamic changes in seed, cone traits and nutritional
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Abstract: [Objective] In order to provide theoretical basis and data support for improving the yield and
quality of Pinus koraiensis cones, this paper studies the variation and correlation of seed, cone traits and
nutritional components of P. koraiensis at different developmental stages. [Method] In this study, P.
koraiensis cones were used as materials, and the samples from different developmental stages were used to
observe the morphological changes, meanwhile, determine phenotypic traits and the nutrients during the
developmental cones. By analyzing the variation and correlation among the indicators, this study aimed to
find the key development period of nutrient accumulation. [Result] (1) The whole developmental cycle of
P. koraiensis cones was 15 months, the rapid growth period of cone development was from mid-May to
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early July of the second year, and the rapid growth period of seed development was from June 20 to early
July of the second year. Seed kernel showed a rapid growth period after July 20 of the second year. (2) The
shape of cones was long oval in the first year and oval in the second year. The seed kernels were colorless
and transparent at the early stage, and pale yellow and triangular with cones mature. (3) When the P.
koraiensis kernel was mature, the moisture content, oil content, protein content and total polysaccharide
content were 20.46%, 70.96%, 104.71 mg/g and 3.48 mg/g, respectively. (4) Correlation analysis showed
that cone length, cone width, cone mass, seed length, seed width and 100-seed mass were significantly
positively correlated (P < 0.01), oil content and moisture content of kernel were negatively correlated (P <
0.01), and it was positively correlated with total polysaccharide content (P < 0.01). [Conclusion] The
growth and development of Pinus koraiensis fruit, as well as the dynamic changes in nutritional components
provide a scientific basis for the selection of excellent clones for P. koraiensis cones, which is of great
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significance for improving the quality of P. koraiensis nuts and ensuring their high and stable yield.

Key words: Pinus koraiensis; cone; seed; growth dynamic; nutritional components
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Fig. 1 Dynamic changes of cone growth in different developmental stages of Pinus koraiensis
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Fig. 2 Dynamic changes of seed and kernel growth at different developmental stages of P. koraiensis



70 D O NI

546 4

1 BoR: AR BRI B KB LR, 56—
FEERR MBS, MERRIES R J5, 6 HREE A M
PR I 8 R A, KBRS, SN
ok et FFERIR IR A KA 9 AR, B AR BAL
JZ, SPUB AR el Bk Fr K R A R R A L
FARN KB, BLI ERRSNWAS 224, 1R,
HER I A BAORE, 5 1 SEECR AR BUF BT W
MA2AE. 28 2 ST, B R B WR AR, BiEeIT
s H R AR N St 5 A JE . BORJT MR R &
B, By KR BT ERESEN, IR REIT, AR
AR S, BRRBEANK I 5 HhHZE T H
1, BRI B RAR ARG KA D 7 ARG ERR MK 5
A PRSP & KB B, 5 AR, Bt
ZRAOIZI AL IR 2 0, B3 PSRV 5 B BR A £,
FA i AR B CR B8 T A, R R B R SR R
JiAL, SEPEREIN, R O ER R A O[5 Y

FELLAA PN T IR R B I RE T, 56 2 FMETE 2
W), R 7 I AR E, Fhy AN R AR, BT
P C DT R &R MRS . ] 22 o, R TIIK
B 3 AL AR K E W . AR
AR R 2 7 A1, % R A e E K E
B, BANELS, FOERY B R G, RN
B GRTE o 205 I (& 26) R B: 5 H Ay 2 miTFh 7

HAKERZ, RENE, M= 55788 R &
5 A v f)Ja A AT AR R, (AT AR S
R AR O B, BRI A N S KE R, REVR,
i JE T 2ok A 6 H 20 HE 7 AWM FhT
PR T PRI 1, & R AR A TR 1 4, iR
FUAWE K, FAARBE 2 S, (ER &K EAT
Bz, BREYPR, NKIFE. BRI EHN T H
CHCTERELL TP A B LR LIS A Uraew S S )
Se s R SR 0K B BRI o, FEEUCUINIR, Sh5t
AR TFARE FE TG, Fh 58 52 1B HT I B, Fhy L i 7
1T BB 58, AN BRI Z A & 9B IR =%, %
I S AR AR AR A AR /I o 38 e I R I, A
SEAE R B W IF A A0 4158 73 B, Lo P R Al S i
BN, b B BT 0 AR A s BT AL T, e A
WIESLE TRV BT R, Bl Kk A R 5 Nk
O, AEEY, R B ARG U, B R
WHENEE RIRH] . 7R B KRRy 8 H
RIZE 9 A1, IR 7 AheiEKE S %, shie
P R B, Sh58 R B I E R b 58 e e A2
N, BEFET R, F7 SR 2 B0 A T 58 1 {3 1
IR=AI, # I Fh-7 Tl e L LR, e
Ty R/NEEA E R o 3l Ry AU 1B (&l 2b) 7T
K-8 J 20 H ARz 2 58 AR AL, KE R,

5 s sw e bes, WE A A SRR 1%
CEE 20T A 1) IR a8, A0 U IR R 3, 2150
U=, MR /heE AR, e M, fF9 H
VG R AE R B S il LA N AL T, AR S
URAEE, HMEFE I . BEBY B, ALRA T RS
IR T

22 AEXERBALMFHSERINE TR S HHE
=

AN R B I AL Al S R AVE 7 50 5 TG
PR E T AR 1. R 2: £ 28 H 10 H, 2k
RK(157.93 mm). Bk TE (92.20 mm), BRF &=
(38533 ¥k B KMH: EE 2FE9H 1 H, Fir
K (17.55 mm). Ff 7 H RL i & (86.70 g). Fl - &K
(14.11 mm). 47 %% (8.13 mm). Fh A~ K i &
(30.42 )3k B KB MELT KB HIARIERA, Al
PJE ER R B IEIN 122.65 £ R FORLR B 10
26.09 %« B AZ EORL B &G N 7.59 % . fEEE 2 4
9 H 10 H, A8 KR (20.46%)i5 Bl i /IME, &
M (70.96%)15 B f KAE: /£ 7 H 10 H, R &
FIR 2 5 (109.52 mg/g) & 2 02 & (4.05 mg/g)
LR KME. 5REVIARMALL, B S R
A=K Z D 304 5. Fim RGN 7.58 £ B AR
TR 0.1 5. ZHEE R 0.16 5.

AFR BBl BARE &, B
ZHEE R SKEZN WA 3, A R,
LM T KB R E R & R E MK E 1
AT R AN B LM R B, &K
REWEZFE TGS, SHEREIEE LB, £
WEERENAEHEL FTHE EAMELES, JF1E
8 H 1 HEF A BB E . A A A G I A LLAA Fh S AR
FAR AR B L 4: BRI BRLTE . SR =
MEE 2495 7 10 HjE 24 BT, 6 H 20 H
Ja b Bres, 8 H 10 HEFNE(H 5 20 F
Rkasho, Fhp, By e FPF BRI & LR K
£ 6 H 20 HZ 7 AW AP KINH; 8 H 20 H—
9 H 1 Hh - BB B, B 58 AOp = ot £ 0 K
PR
23 MR REFH S SIEFRENEX S

4 B IR 2 TR AR DGR S, R BT PR R
FEAHIME T, G5 R 3. BREK . BRALTE . BRIR
JEE M Bl AR B R R 6 M EARIAIEY
KRR IEA (P <0.01); BREK TR, BRI &
Ry Bl g AR R DL R R
B 7 AN FE AR A B 2 IR A G (P < 0.0, A=
T, M AR E SERR KL, SRR, TR
ERFEEMKWP<0.05). SRR 5. i H



578 IRE S5 LA P SEVEIR B8 77 By sh a4 7 A 71
Fz1 20202021 FLRARE %R E AT SR ZIERSE
Tab. 1 Average values of seed traits of P. koraiensis at different developmental stages from 2020 to 2021
S EHL K- o B = . = - Yy = =
B ol Conowith Kk PRI e seawan g SRR T
(CL)/mm (CW)/mm CL/CW (SL)/mm (SW)/mm SL/SW thickness/mm
2020-07-01 26.87+3.14 13.11+£1.02 2.05+0.12 2.72+£0.45
2020-07-10 29.39+1.64 17.98+0.83 1.63+0.05 4.78 +0.63
2020-07-20 29.83+1.17 19.71+0.56 1.51+0.03 5.64 +0.56
2020-08—01 29.94+1.38 19.13+0.50 1.57+0.07 6.20 + 1.30
2020-08—-10 30.67+1.43 19.70+0.76 1.56+0.06 7.04 +£0.86
2020-08-20 32.01+0.99 2236+0.46 1.43+0.03 8.20 £ 0.68
2020-09-01 32.65+1.06 23.80+1.53 1.38+0.09 8.57+0.84
2020-09-10 32.61+1.73 22.09+1.61 1.48+0.10 8.44 £0.49
2021-04-10 38.23+2.22 27.68+1.37 138+0.06 11.84+1.59
2021-04-20 4328 +3.56 30.65+1.57 1.41+£0.06 15.79+2.11
2021-05-01 51.27+4.28 36.57+2.81 1.40+0.06 25.56+4.95 337+022 254+020 1.34+0.15
2021-05-10 50.15+3.86 37.54+2.64 1.34+0.11 28.37+4.11 348+0.21 2.54+0.23 1.38+0.15
2021-05-20 67.91+4.00 49.23+£5.74 1.51£0.55 56.92+7.12 590+£0.33 432+0.28 1.37+0.10 3.18 £ 0.04
2021-06-01 84.73+7.85 60.82+4.67 1.39+0.10 9645+1628 7.37+040 542+043 137+0.13 6.62+0.10
2021-06—-10 105.44+10.00 75.18+8.73 1.41+0.09 175.64+36.86 1030+0.81 7.06+0.56 1.47+0.15 18.41 +1.82 5.20+0.43
2021-06—20 126.09+12.87 82.56+6.71 1.44+0.38 238.00+43.79 10.23+0.62 7.05+048 1.46+0.12 19.62 + 0.44 5.30+£0.42
2021-07-01 143.81 £10.59 84.53+5.21 1.71+£0.13 316.00+36.41 1598+0.68 10.67+0.95 1.51+£0.16 53.51+£0.88 7.33+0.83
2021-07-10 148.07+15.75 88.93+£8.43 1.66+0.05 334.67+65.78 15.70+0.88 11.20+0.78 1.41+0.14  76.65+0.40 8.05+0.53
2021-07-20 149.67 £16.15 90.07£6.69 1.66+0.13 348.00+50.60 16.27+0.73 11.33+£1.08 1.45+£0.16 65.52+1.50 8.45+0.77
2021-08-01 156.87+8.18 91.53+£8.10 1.72+0.12 350.67+27.89 15.90+0.68 10.66+0.74 1.50+0.13  66.28 +2.51 7.52+0.73
2021-08-10 157.93£10.97 92.20+6.68 1.72+0.13 38533 +41.38 16.38+0.98 11.09+0.79 1.48+0.13  70.20 £3.37 7.31+0.65
2021-08-20 147.47+8.77 86.67+6.42 1.71+0.14 344.67+28.00 16.21+0.60 10.74+0.81 1.52+0.15 73.31+5.78 7.70 £0.79
2021-09—01 141.33+9.43 8347+3.62 1.69+0.10 343.33+32.88 17.55+1.08 11.78+0.96 1.50+0.16 86.70 £ 8.43 7.96 £0.76
2021-09-10 141.40+11.92 80.40+5.07 1.76 £0.19 336.67+£49.67 1693 +0.69 12.11+1.28 1.41+£0.16 86.10+8.38 8.14+£0.75
R2 20202021 FAMAREZERPHCIERFEFH S EEIRHE
Tab.2 Average values of seed kernel traits and nutritional components of P. koraiensis at
different developmental stages from 2020 to 2021
1 # « LTINS FFEFE%L_‘ = K58 LS A é‘?ﬁ% iR & El)ﬁéi‘% EL%*E?%\%
Date ernel length  Kernel width KL/KW 100-kernel Moisture 0il content/% Protein coﬁntent/ Polysaccharldﬁ
(KL)/mm (KW)/mm mass/g content/% (mg-g") content/(mg-g ")

2021-06—-10 6.46 +0.79 3.71+0.41 1.75+0.17 0.94 +0.07
2021-06—20 6.72 £0.79 3.80+0.35 1.78 £ 0.23 1.25+0.10
2021-07-01 10.09 £ 0.65 5.17+£0.77 1.98 £0.28 3.02+0.10 90.26 + 0.38
2021-07-10 10.65+0.77 5.40+0.54 2.00 +0.29 3.38+0.10 87.53 £0.60 8.27+0.78 109.52 £0.03 4.05 £ 0.08
2021-07-20  10.94+1.10 537+0.57 2.07+0.35 3.65+0.03 81.72+0.75 8.84 +0.65 92.69 £ 0.06 3.85+0.07
2021-08-01 10.06 + 1.02 5.23+0.70 1.94+0.22 4.05+1.34 59.45+1.84 41.72+£2.17 98.15 +0.02 3.41+0.07
2021-08-10 10.83 £ 0.90 5.97+0.30 1.82+0.15 527+0.12 39.67+£2.58 52.81+1.07 112.58 £ 0.07 3.60 + 0.06
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2021-09-10 13.34 £ 0.60 7.69 +0.50 1.74+0.15 8.11+0.13 2046037 70.96+1.65 104.71 £ 0.03 3.48£0.07
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Fig. 3 Change of nutrient content changes in P. koraiensis kernels at different development stages
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Fig. 4 Changes in seed and cone traits of P. koraiensis at different developmental stages
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Tab.3 Correlation coefficients between seed traits and nutritional traits of P. koraiensis at different developmental stages
¥ : - S SES
. - gt TR g e KR i
JERIN SN i s 2L 4 A EL A EL
R cLow cuew SR GGy sosw BRI ol ke kw kukw TR e R
Trait Cone mass 100-seed , . 100-kernel Protein Polysaccharide
thickness content
mass mass content content
CW 0.991"
CL/ICW 0.405" 0.302
KRR E " - .
AR 0.989" 0.962"* 0.484
Cone mass
SL 0.97170.935™ 0.920”  0.984™
SW 0.966™0.930" 0.920" 0.979" 0.997"
SL/SW 0.80470.807" 0.646° 0.796™ 0.785" 0.740™
¥ 1 RLT " " " " " ”
BT ERLR B 0.87270.772" 0.913™ 0.923” 0.966™ 0.975" 0.517
100-seed mass
firyle . 0.793" 0.573 0.895" 0.871" 0.946™ 0.969™ —0.074 0.930™
Seed thickness
KL 0.618 0.295 0.856 0.783™ 0.920™ 0.917™ 0.089 0.953™ 0.866™
KW 0474 0.126 0.761"  0.668" 0.826™ 0.826™ 0.061 0.889" 0.734" 0.968"
KL/KW 0.533 0.642" 0332 0402 0335 0327 0.067 0.199 0494 0.062 -0.186
iR A S
100-kernel 0463 0.129 0.733"  0.653" 0.7877 0.773" 0.144 0.857" 0.678" 0.949" 0.988" -0.232
mass
EIKR R . . - - -
Moi 0.194 0.404 —0.624 —0.363 —0.743"-0.470 —0.192 —0.720" 0.009 —0.817" —0.851" 0.837" —-0.931
oisture content
A B
I;Em.”"”i —0.091 -0.145 0.119 0271 0350 —-0.383-0.192 0.559 -0.318 0239 0390 -0.636 0313 0233
rotein content
Polysaccharide  0.707 0.887" —0.670 0.204 —0.855" —0.689 —0.088 —.814" —0.086 —0.926" -0.959" 0.847° 0313  0.900” -0.233
content
—0.327-0.582 0.763°  0.099  0.641 0235 0488 0.545 —0.403 0.707 0.765° —0.810° 0.868" -0.989" 0.192  -0.853

Oil content

TR MITIE BE KT (P <0.05), "FRH FKIE T K F(P<0.01), Notes: " represents correlation is significant at the 0.05 level, ™ represents correlation is

significant at the 0.01 level.
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