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Phenological coding and description of Pinus koraiensis nut-production
forests based on the BBCH scale

Zhang Jianying Yin Dongsheng
(Forestry Research Institute of Heilongjiang Province, Harbin 150081, Heilongjiang, China)

Abstract: [Objective] This study aimed to establish a standardized phenological coding system for the
entire growth cycle of Pinus koraiensis based on the BBCH scale, and to identify quantitative descriptive
indicators applicable to the developmental processes of various organs during vegetative and reproductive
growth, thereby providing a unified and reliable phenological observation framework for the precise
management of grafted P. koraiensis nut-production forests. [Method] The study was conducted on an 11-

year-old grafted P. koraiensis orchard at the Experimental Forest Farm of Yanshou County Forestry Bureau
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in Heilongjiang Province. Regular observations of morphological changes in buds, leaves, branches, flowers,
and fruits were conducted over three consecutive growing seasons (March to October) from 2022 to 2024.
By integrating images, measurement data and quantitative criteria, major and minor phenological stages
were classified according to the BBCH scale.Monthly maximum, minimum and average temperature data,
along with precipitation data for the corresponding period, were extracted from the Climate AP v3.0
software to generate a schematic illustration depicting the relationships between phenology and climate.
[Result] (1) The vegetative growth process comprises four distinct stages: vegetative bud development
(PGS 0), needle development (PGS 1), shoot development (PGS 3) and dormancy (PGS 9), with each stage
exhibiting unique morphological traits and quantifiable growth manifestations. (2) The reproductive growth
process encompasses four stages: flower bud development (PGS 5), flowering (PGS 6), fruit development
(PGS 7) and fruit maturation (PGS 8), each characterized by distinct morphological features. Notably, cone
growth is constrained in the current year, with the primary growth occurring in the subsequent year. (3) The
BBCH coding system employs a two-digit recording method for the four stages of vegetative growth,
whereas a three-digit recording method is utilized for the stages of floral bud development, flowering and
cone maturation during reproductive growth. Additionally, the fruit development stage is recorded using a
two-digit coding method. During the coding process, quantitative grading criteria for the secondary stage
classification of each organ were established, utilizing the needle length development index (10%, 20%,
50%, 70%, 90%), the shoot length development index (10%, 30%, 50%, 90%), and the cone volume
development index (15%, 30%, 50%, 70%, 90%). (4) The BBCH phenological coding exhibits a correlation
with climatic conditions, with the principal BBCH stages demonstrating temporal synchrony with monthly
mean temperatures and precipitation levels. [Conclusion] This study developed a phenological coding
system for P. koraiensis utilizing the BBCH scale, which encompasses eight principal growth stages and
fifty subsidiary phenological phases. The seasonal distribution of BBCH phenological stages exhibits a
significant synchronicity with the interannual variations in climatic factors, providing a standardized
phenological basis for guiding precise management of P. koraiensis nut-production forests.

Key words: Pinus koraiensis; BBCH code; nut-production forests; developmental stages; phenology;

phenology-climate
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Fig. 8 PGS 8: maturity of fruit
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Tab. 1 Cone development of Pinus koraiensis in the first year after flowering
SR K H”E JBi &

(H-B) KPt/em A% Fiflem R il R
06-07 1.85+0.23 13.1 0.62+0.18 8.1 0.42+0.33 0.4
06-15 2.10+0.17 14.9 0.88 +0.12 11.5 0.66 + 0.54 0.7
06-22 2.35+0.43 16.6 1.22 +£0.05 16.0 0.79 +£0.25 0.8
06-29 248 +0.35 17.5 1.40+£0.14 18.3 1.22+£0.19 1.3
07-05 2.52+0.54 17.8 1.47£0.20 19.3 1.85+0.43 2.0
07-12 2.68 +0.21 19.0 1.58+0.22 20.7 2.18+0.42 2.3
07-19 2.73+0.33 19.3 1.76 £0.21 23.1 345+£0.22 3.7
07-25 2.90 +0.39 20.5 1.83+0.11 24.0 4.36+0.12 4.7
08-01 2.92 +0.38 20.7 2.00+0.33 26.2 5.23+£0.31 5.6
08-08 2.94 +0.49 20.8 221+0.16 29.0 5.89 £0.57 6.3
08-15 2.94+0.54 20.8 2.35+0.23 30.8 6.27£0.44 6.7
08-22 2.95+0.64 20.9 2.38+0.36 31.2 6.26 £0.34 6.7
08-30 2.94+0.31 20.8 2.38+0.24 31.2 6.23+0.76 6.7
09-10 2.93+0.13 20.7 2.37+0.31 31.1 6.09 £ 0.36 6.5
10-10 2.91+0.48 20.6 2.35+0.16 30.8 6.03+0.51 6.5

R2 ONMFREE 2 FHRREEHER
Tab.2 Cone development of P. koraiensis in the second year after flowering
7 K HiE Joi

H-B) K/em R % Ff#/em R R R
04-15 3.324+0.35 23.5 2.56+£0.38 33.6 8.97+£0.76 9.6
05-01 433+0.43 30.6 3.17+0.26 41.5 19.22 +1.37 20.6
05-08 4.57+0.45 323 3.94+0.34 51.6 20.13+£1.72 21.5
05-15 6.70 £ 0.62 47.4 497+0.22 65.1 30.85+2.10 33.0
06-01 9.26 +0.32 65.5 6.34+0.28 83.1 39.82+1.76 42.6
06-07 10.67 £ 0.83 75.5 6.58£0.31 86.2 50.95+2.36 54.5
06-15 12.11+1.16 85.7 7.09 £0.16 92.9 76.12+£2.76 81.4
06-22 12.73 +1.45 90.1 7.39+0.32 96.9 92.24 +4.52 98.7
06-29 13.15+ 1.31 93.0 7.69 +0.24 100.8 113.56 £4.35 121.5
07-05 13.51+£1.37 95.6 7.73+£0.51 101.3 127.64 £ 8.34 136.6
07-12 13.73 + 1.82 97.2 7.87+0.36 103.1 143.98 £ 5.61 154.1
07-19 1421+ 1.34 100.6 7.90 £0.17 103.5 163.92 £9.56 175.4
07-25 14.39 + 1.60 101.8 8.08 £0.27 105.9 166.65 £ 6.12 178.3
08-01 14.56 £ 1.55 103.0 8.08 £0.28 105.1 186.03 £ 12.26 199.0
08-08 14.68 + 1.84 103.9 8.02 £0.34 104.6 176.84 £ 11.15 189.2
08-15 14.69 + 1.24 103.9 7.98 +£0.51 104.6 174.52 £ 12.34 186.7
08-22 14.61 £ 1.10 103.4 7.95+0.39 104.2 169.33 £ 12.78 181.2
08-30 1459+ 1.19 103.3 7.93 £0.42 103.9 148.96 = 6.56 159.4
09-10 14.13 £ 1.59 100.0 7.63+£0.38 100.0 93.45 +10.27 100.0
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Tab.3 Description of BBCH stage applied for P. koraiensis

B Bx BBCH %if% i3
00 TRALTIRHRIRAS, AR i i R Al &
01 G
PGS 0: EFR2E R AM B (E 1D 03 PREAIN Y NE Rk T PIR|S
07 TR UR K 48 (B TR, TG 38 4 t JEU R 4 21
09 E AR GESEINIYES
10 R R I, TS SR S AR G
11 BE R UR 5 /N A 88, KR R K K110%
13 e T O IR A R, B, KR IR (1120%
PGS 1: £t R EHr B (E2) 14 R RIT, RIS E
15 ERnp Pk, Mk R, KA RAKEIS0%
17 M IRER, FTR RN R, K IR R A K 1T70%
19 TEARKE M, BG4 K, KRR K 190% L, T
30 TR R, FRIF A K
31 PR IR A, B YR A KN 10%
PGS 3: Fii K B M B (E3) 33 Fisk RIS, B2, A MERAKERI30%
37 B 5% B AR FERIR, ik M R 2 K E50%
39 BRI A KA 1B, IR MR A EI90% A T, B EA R AL
500 MELEZE R, B0, FRAEAE 25 P T 348
501 HEAE 2F PRARER 4
i 503 HEREZE R KN, TR, 2R
PGS 5: LR BB (ES 510 T
511 BHEAE 2F PRARER 4
513 WEFEZERY KA, S e, S/NBIR
600 HERRTEFF IR, /MEF IR R0 4 B 3R 4t
601 TEERAEAITEIA : N T BRI R, B i
605 TEERAE BEAEIA: O FETT 2L, Tob K BB
607 TEERAEARTE A : A FEATHUR
609 TR 2, VA
PGS 6 JFEi RO 610 MERRTETFHG, FI T BRIE, 5 B NBRSAR, HAR G
613 WMEERTERTAE I : ZEGEAKTT, BRIEER h, Rt
615 WEBRIE REAE I : BREEPFF K, 2060
617 WMEERTEATE I : BREE 58 TPk, IRt
619 TRk &, BUEEIFIR, 58 AR
70 BRI R, 201 5, BRI gh SR
71 KA VI BRI RS 15%
72 KB AZ L B AR ENRACIRE, R BEES
PGS 7: BRARLR B B (BT 73 PR AE A BRIARUR 2 52 (1930%
75 PR AE A b BRI 2 52 (950%
77 PR AE AR : BRIARR 2 52 (19 70%
79 KA A BRPAFUE AR SR/ N90% L |, AN A R A e
800 BRI U6 o . a0, HIRE
805 EIRGE L, TR O8>, 34 Bk L1 SR 2
807 i o (TR M, BLEEIH ST, W LUK (R A AR O
809 IR €, TFOR E AR TE
PGS 8: BRI AW B (E18) 810 FRIE PR Y e T AR R 2] DD iR
812 F e P 7R3, SRR AT
815 SR AL e, Bl HEB B AT O, BRI 4R R B (B AR 7R S
817 P E RIS LB R, A K, 785, i Bz B € N VR
819 PR L EAE A IR, BR b IR 5L Fh T AS IR, IEFLAE (L
PGS 9: fRERB B (4D 90 ERntATsR a6, F kA K
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Fig. 9 Schematic illustration of the relationship between phenology and climate based on BBCH coding
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