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Effects of Foliar and Soil Fertilization on Cone and
Seed Quality of Pinus koraiensis
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sity, Harbin 150040, China)

Abstract: This study aimed to investigate the effects of different combined fertilization treatments on the morphology and
nutrient composition of Pinus koraiensis cones and seeds, to identify the optimal fertilization regime for Pinus koraiensis
nut forests, and to provide a theoretical basis and practical guidance for scientific fertilization. A 52-year-old Pinus ko-
raiensis plantation was used as the research subject. Three levels of foliar fertilization (amino acid water-soluble fertil-
izer: 0%, 0. 1%, and 0.2%) were designated as no spraying (F1), low-concentration (F2), and high-concentration
(F3) foliar fertilization, and four levels of soil fertilization (urea: 0, 50, 100, and 150 kg N-hm?) were designated as
no fertilization (S1), low rate (S2), medium rate (S3), and high rate (S4) soil fertilization, resulting in a total of 12
treatment combinations. The effects of these different fertilization combinations on cone yield, seed morphology and

yield, and kernel contents of soluble sugars, soluble protein, oil, phosphorus, and potassium were investigated. A com-

WS B HA: 2026-05-07

HEE2WH:ERESARITLIIE (2024YFD2200604) ; R SR E AR 55 2B T INE £ X8 (2572023CT02) -

FE—EEEN =M MEHARE. AREDAZTMIZET. E-mail:lixinyue2023120120@163. com

*BEESE K, B B8, HRHEAFMIEE. E-mail:zhangpeng@nefu. edu. cno

I :E=MB BEE AEZWN. S HEEES TERENLNBRREMIRRNEZNE[J]. FHIRE,2026,42(5):986-997.

Li Xinyue, Yang Xiubo, Zhu Meiru, et al. Effects of foliar and soil fertilization on cone and seed quality of Pinus koraiensis[J]. Forest Engi -
neering,2026,42(5) :986-997.



$E5H FMAE MHEES LIZERMIMNKRSHHLRERZIT 987

prehensive evaluation of fertilization efficiency was conducted using correlation analysis, principal component analysis,
and economic benefit analysis. The results showed that foliar fertilization significantly increased cone dry weight, per-
tree cone and seed yield, and kernel soluble protein content. As foliar fertilizer concentration increased, these param-
eters increased significantly, with the F3S2 treatment showing the best performance, achieving increases of 31. 5% in
cone dry weight, 3.45 kg in per-tree cone yield, 0.92 kg in per-tree seed yield, and 47. 75% in kernel soluble protein
content compared with the control. Soil fertilization alone did not significantly promote kernel oil synthesis. However,
low-concentration foliar fertilization (F2) applied alone (F2S1) or combined with low-rate soil fertilization (F2S2) sig-
nificantly increased oil content by 9. 1% t0 9. 6%. Principal component analysis showed that the F3S2 treatment achieved
the highest comprehensive score for cone and seed quality. Analysis of net seed income revealed that the F3S2 treatment
had the highest net income (35,693. 62 CNY+hm™), followed by the F3S1 treatment (30, 175. 67 CNY+hm™). In con-
clusion, combined foliar and soil fertilization further enhanced cone yield and promoted nutrient accumulation. To maxi-
mize both economic returns and seed quality, the combination of high-concentration (0.2%) foliar fertilization and low-

rate (50 kg N-hm™) soil fertilization is recommended. If application convenience and cost are primary concerns, high-

concentration (0. 2%) foliar fertilization alone can be used as an alternative.
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AR IR ST SFAHSZEM. 204 (Pinus
koraiensis ) VE TR [E R AL X A2 B A Al 200
JRE A R R R, EEWRSRESTEF N E. M1
& oM H R AR HAE 20 AN AR R R DA
YNSTE TR |57 3 == Ve SR o5 = /S 131 514 <A
S8 ELEE MR LA S0 R 5 27 e /e s

CLIMFEAEI AT R/NE " B SEBLGR , 85 SE R AR
TR S E R AR RSB BERR, 4552/ N E
KHHhREEHRE EREREFBIIEESE KRS
sele) N ELAAER R R A~ B N DAFERFFEIA
N R R = 75 2 ) Jof i BIR ) A 4 45 <2 S5 [A]  m LA
o i AR Kb B A oS, 30 £E AR B H AR T H AR (Larix
kaempferi) W ¥ Fo M 22 e AN A [6) Bic Bb B 220 1 A4 1 S A
J& , TR B EAR T 30%10, 24 N P K LR
2:1:60f,0.5~1.0 kg/ﬁkﬁﬁﬂﬁ%ﬂﬁ%% E*(Symplocos
paniculata) B BANMASFER S E . BIIFRAI,
W& AL ANPRIRHE AN, A TR A 2 R R 2,
TGN AE B R AART B A AR,

AR, S E R KIS AEAEARAEY) b B BRAH S
TRt AR AR AN EAS 5 )
WR ORI P B s R AR B AR AL D RE IR T R R S
MM i HE Y & A B ARS 2 R
P RN AE) A 2 BRSO A
TEER D G LR AEAL R 2k (Hongmeiren cit-
rus) 20 MEAE (Eriobotrya japonica )" |5 A] G35 12 =
R RSN T, M B SRR IR &
e IR SRS L SEE F2 W) AR 2], 48 7 (Corylus spp. ) 3R
SEH R R B TR SRR R 3 AU BB R T 50%

FEREAN T SRS TR R S E

H A, ok T 38 R 5 - Wit 2 5 B /K A A
FE B PRARPISE S SRS SR D, W I i A 2
Tt — PR AR B IS TR PR R
FHETL . ARBRTELL 52 FEALLAA N IO RTINS 52, R
FHAN [ e A £ ) PR 2R (L3RR ) FIAS R AR RR 73 B 2
HLRR KA NE (T AL ) 21 A HEAT RO , 734 AS 18] AT
REPEXS ELARBR SR AT = B DU LA R A ]
TR RTATEE A IR BT R R S B
FHESEARNE T BRI AT S T 73T L X it
MERCRHEIT LA G VI, B AR RE [FI I £ i 2L AR R S il
Jo B £ A8 R SRR 355 388 . ) B AR B LA B, N AL AN
Ttk ERUE E A E RERFARE,

1 #R5BFE

1.1 et R Sl

A A T BT E G & mH R B2 ER
(45°42'N, 130°21'E) , Z X EE K H L L & &35 18R
fik AR L B B3t , R RBUDN R R NS, IR
TN 2.3 °CLH=10 CiEEFRIE N 2 100 °C, FEREKE
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1.2 gt

TR R P O R 2R  IX G 18 v, 15 T T e A
A ST A 2 o e A g T £ A 5 SR ARG 3 A e I Ak
M, F XM HEAE, 2 F N6 b e B IR A



988 O I iE

E42E

(W B R BEAEFREER AT, B R
100 /L, &1 0.5 o/, 56 5 o/L, BE 1.5 o/L, Bl 13 g/L) , %
B 3 MR EUKE (0%1.0. 1%.0. 2%) , 43 B AN
it (F1) ARARFR 380 (F2) 5 @R R 50(F3) o FILF K
58T 50 T AWLBEITIEE , T 2024 £ 5 H EAIFFA, &
B 15 d W — R, Hat i 6 ¥, 5 2 iR 2K & 100 Lo

Al X R 2Oy e, e R R (N 46%) , K&
4 PMEREFE K (0,50 1004 150 kg N/hm?) |, 43 BN AN ite
A (S1) ARG Tt FIES 8 (S2) v it RS 8k (S3) A v it JEE it
(S4) o [AIE, A4 25 Bic & VR 1 30 kg 38 % R 55
(P,0, 18%) AN Ze B E , F- 2024 £ 5 H L AJEE AR
17 IRIVA it 75 12— IR MR | AR 25 BEPRR 3~4 m, Jifi A
RIS 20 cmo RIS FLTF 120 HE, 3R 1, BRI B
3520 m x30 m FEHUAE N B, B HRORE Sl PN BE AL % 4%
2HRAE R SRS 5] — B AL AA B T 2024 £ 9 A
MRV TERGCR, T R ERE RN o

F1 ARESERIKESER
Tab. 1 Scheme of fertilization experiment on Pinus koraiensis

treatment
abbreviation

- TE HEAE/ %

foliar fertilization

+IEHEAT/ (kg N-hm™)
soil fertilization

S1 (0, AHEAE) FISIGRIEAE , % BR)
F1 (0% , A I HE) S2 (50, iR ERE &) F1S2
LR oo ST S3 (100, HEAE ) F1S3
S4 (150, L&) F1S4
S1 (0, RFitEhE) F2S1
2 (0.1% ARAEFR 43 50) S2 (50, ke &) F2S2
F2 (0.1%, low-concentration) $3 (100, B HEARE) 253
S4 (150, &L &) F2S4
S1(0, ASJita AE) F3S1
F3 (0.2% , B AR 50 S2 (50, R ERE &) F3S2
F3(0.2%, high-concentration) S3 (100, tHEIRE) 353
S4 (150, = e E) F3S4
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1.3.1 ERER-EEMEENE

xof RER HYZLARBR RN 8 L ot R R RN T 5
e T FE, G0 aEREEE 800 Kiff 4 TF
REPTER (R BIIE , 7 R BENLZE £ 150 Kb+,
BT P38 R P SE R RE ey
TR A R~ R OB HE]0. 01 mm) FHEATMIE , FH4
Hmid 5 ok ; BRIREE i & R R T A R
BAH HF R CREAE] 0. 000 1 ) HEATINE -

1.3.2 FMZEFRAE

THIRE TR BOR F 2R ERERBUA A T € L B AE
(R TR A oo R R R B E . 1]
VA 1 R o R 2 BOR 28 S i s i G250 S ta Al
E , ] VA A AT R R 2 73 BOR P R b £ TR E o
BT RAIR- =S RIEREE  CRAEST S
SR VA E Fh - B B R i 3 AL (P, me/g) L K
JESE FETHI E 7 B B o 53 £ (K me/g) o
1.3.3 ZFEBmZE

CLAAPIRE B BE N 430 BR/hm?, ZLAAFT NS %
OBV A PR 2025 SEARFA/1 1% 40~60 JT/kg , HUF
B 50 Ju/kg HITET A . TEERAL T,

AEARLEAR  JREZN 2. 75 Ti/ke, REEBR KB AT E R
R 42 ST/l W BEERES N 4. 5 Ji/kge HEAES A TR
Fe AL AR5 A T.2% B 9 83 Jo/hm®, 38t AEATL
w5 N T A 231 Jo/hm’,

= SN S TR i = /N W

Ff 7 {E (T0/hm? ) =B A BRSSP 1 47

(1)

FEEAE BSAS (T0/hm?) = (F B B} R

) +HEAE 5 A LA o (2)
Pl g O0/hm?) =P E-TERRE AR, (3)

1.4 HESH

FIFH SPSS 22 3 B ffa AT /AT AL R, SR IR 22 75
%fij\ﬁ‘ﬁ(two—way analysis of variance, two—way ANOVA)
PR - i e A 5 - S it A B SR o i b P AR
FRRIT B E RN A AR R L 6 R AR R B AL
# MR LSD TG 2 EELE, BE KRN
«=0. 05, X BRI i A by AT 73 73 A
(principal component analysis, PCA) , F2 BURFAEAE >1 (£
TR HITEEE N . R Origin 2021 #1722 K

2 ZR55H

2.1 AEMERGEXLIRERR = ERIS N

T e AR - 8t R 1 20 A/ P DA B g i o
LLAAER SR P~ BN 2.3 (P>0. 05) , {ELIH- T e A X B
BRI A B D BRI T S FARR BRI = i 5
3 (P<0.05), W3k 2,

AR T AL R 73 40 5 T e A E X AL AA i &
Ei9F=211 1 N i P 0 N T 9B o N = =0
e A4 e, BROREE PR AT o RIS E R
7+ S it A 2 B 43 1A 21 B KA (290. 83.162. 83 ¢)
3 = X IR (P<0. 05) , 43 A1 8T FE 3G Al 59. 21%
27.21% TAEARMAEFA 3 B SRR 3 BOH H AL, A
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Tab. 2 Main effects and interaction effects of foliar fertilization and soil fertilization on cone yield of Pinus koraiensis

source of variation

BA KRR E/g
cone fresh weight

BAKRTRE/g
cone dry weight

BHRIRREE/

number of cones per tree

BHRERR 2 /kg

cone yield per tree

AR /%
kernel recovery percent

- T e AR

foliar fertilization 0.016 <0.001
iiﬁmﬁHE . 0.072 0.458
soil fertilization

lﬂjriﬁiHE x 3t AR 0.093 0.400

0.804 0.044 0.509
0.287 0.606 0.258
0.461 0.642 0.509

[ - e B X BR SR A SR AN PR B . R
(] — L AL R A S5 R | Bt - i AT A R 7 B
re, BROREEFTEAN T 23 ETHES fEm R

FGIH- T i AR AR 21 B KA (283, 83.183. 00 ¢) , T3
- W it P TR B &b B (P<0. 05) , 45 S8 ok B 388 /i1 7
55.38%.42.97%, W55 3,
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Tab. 3 The effects of different fertilization treatments on cone yield of Pinus koraiensis

o EEEEwtmmemme etk DL BT
fertilization soil fertilization cone fresh weight cone dry weight Cones per tree Per tree percent
S1 182.67 +£17.38 ¢ 128.00 £ 7.02 ¢ 13.07 £ 3.05 a 216 £0.28 b 4128 + 4.06
S2 232.00 £ 20.01 abc 154.67 +7.25 abc 931+135a 216+0.32b 32.65£3.72
F1
S3 290.33+14.93 a 162.83 £9.57 ab 839+154a 2.66 + 0.16 ab 36.96 +1.62
S4 216.50 +£15.93 be 135.67 +6.32 be 1333+175a 2.91+0.25 ab 36.06 £2.70
S1 238.50 +£10.91 abc 158.17 + 14.34 abc 13.42+3.02 a 3.14+0.22 ab 31.64 +2.00
S2 245.17 +£17.94 abc 168.33 £ 13.14 ab 1423 £5.87 a 3.39+0.23 ab 34.15 +3.06
" S3 243.97 +13.28 abc 163.83 £ 6.24 ab 8.96 +0.49 a 220£028b 36.91+0.16
S4 282.37 £19.58 ab 167.83 + 4.94 ab 1213+114a 3.40 £ 0.27 ab 31.55 + 0.98
S1 267.33 £22.26 ab 181.83+£9.10 a 16.88+6.13 a 4.36+£0.39 ab 38.20+3.91
S2 260.17 + 30.97 ab 168.33+17.92 ab 21.63 £5.54 a 516+0.30 a 36.83 + 1.81
F3 S3 279.33 £ 21.32 ab 183.00 +11.02 a 12.75+3.18 a 3.43+0.32 ab 35.36 £2.21
S4 283.83+27.79 a 182.33+11.98 a 11.35+ 3.3l a 2.95+0.31ab 32.93+0.58

T BENTFHEASNERE, AIARFEETAABIELERAZREZ(P<0.05). TH

Note: Values in the table are presented as mean =+ standard error. Different letters within the same column indicate significant differences among

treatments at the same fertilization concentration (P<0. 05). The same below.

TEAIE M- AR &40~ B TR Al & A0 52
i BB BRI i I A AR A, 7E & i A Ak
BRAME(2.91 ke) , T3 = T X B (P<0. 05) , BT IR
A0.75 kgo MIAEMR = A FR 43 £ AL , B A& £
eI R IR & AR R B 2T SRR,
FEARNE L AR SR IR e A & 0 & F T, 5 - i e
MR BOT & BRI R sk L 23 B ES,
([T Ast e cLe SN 1] =4 E 1 B3 S N R <Ay i A N e
Bt BARER R B 2T E AT 7E F3S2

K0 B K B B R E (5. 16 kg) |, 535 5 T A BB 4H (P<
0.05) , BT HRAIHE N 3. 45 keo
2.2 AEheEL BT F R

IH- T Ji AR - St A ) 58 ELAE R X AR R FREAS
SN .2 (P<0. 05) , (EN 7T o = A B R A1
FER AN T3 (P>0. 05) ; 58 it A fb 7k i 2
FOERPRA = B 5NN .3 (P>0. 05) , H- T AR Xt
bR SR A AN 2.3 (P>0. 05) , {HA B A1
PRI 3% (P<0. 05) , W& 4,
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Tab. 4 Main effects and interaction effects of foliar fertilization and soil fertilization on seed

morphology and yield of Pinus koraiensis

2 5 kIR HHE MFEK/mm  MFE/mm  MCK/mm FO5E/mm FhFE/g BRIF 2 /kg
source of variation degrees of freedom  seed length ~ seed width  kernel length kernel width thousand-seed weight seed yield per tree
HE)}@HE e 3 0.041 0.427 0.019 <0.001 0.578 0.023

foliar fertilization

i%}ﬁﬁe o 4 0.006 0.681 0.025 0.014 0.659 0.542

soil fertilization

Eﬁﬁﬁﬁl‘i x LR 12 0.011 <0.001 0.001 <0.001 0.093 0.512

N[ - AR R 53 40 T S A S LA
KA R o FEASBEHE M T AR A &1~ L B S 11
AR, iR 23T SRR, 75 iEAn
BN A 2 5 K ME (17.30 mm) , T 3F & T Xk B8 (P<
0.05) , AT HRBENN 12. 41%, TR S ARFS B i
AR, 7S 7] - S it AR o) b - K G B R . FEANHE

TIRNE S (RAEAS R A AT B - HE A AR 73 2
e M RER B2 ETHESS e AT R &
T R REAC AR B M R 2 ISR R
THHEESS , i E R AL R A S50 T, R - i AEAL AR
TSRO, M REI _ETEESS 78 F3S3 0B N
FRE BRI 10%, WAL S5,

x5 FREERLGEMIMMFESHFENZN

Tab. 5 Effects of different fertilization treatments on seed morphology of Pinus koraiensis

FERE e A7 K/mm FF95/mm FH{=/mm wesgmm | FHRRE - RIERTTR
fertilization soil fertilization seed length seed width kernel length kernel width weight per tree
Sl 15.39 £ 0.07 d 10.00 + 0.03 ef 12.91 + 0.06 bed 6.79 £ 0.04 bede 611.17 + 48.88 a 0.89+0.10 b
S2 16.73 £ 0.76 ab 11.04+011a 1333+ 0.43 abecd 724 +0.05a 681.89 +£19.57 a 0.77+0.09 b
- S3 17.30£0.20 a 10.55 £ 0.04 bed 13.74+0.27 a 6.77 + 0.04 bcde 670.78 £ 24.87 a 0.77+0.07 b
S4 15.63 + 0.07 cd 10.36 £ 0.04 cde 1212+ 0.17 e 6.92 £ 0.05 be 586.61 +14.29 a 1.05£0.07 ab
S1 16.21 + 0.05 bed 10.96 + 0.08 ab 12.76 £0.21d 6.94+0.13b 702.87 +39.08 a 1.05 £ 0.08 ab
S2 16.28 + 0.10 bed 10.45 % 0.03 cde 13.18 +0.04 abed  6.60  0.02 ef 583.49 +39.52 a 1.08 £ 0.07 ab
" S3 16.09 + 0.07 bed 10.51 + 0.11 bed 12.84 +0.07 cd 6.67+0.02 e 621.93+33.87 a 0.78+0.07 b
S4 15.74 £ 0.23 cd 10.09 £ 0.29 def 13.34 £ 0.14 abcd 6.88 + 0.07 bed 621.00 + 48.04 a 1.10£0.07 ab
S1 16.43 £ 0.12 abc 10.62 + 0.13 abc 13.29 + 0.14 abcd 6.45+0.07 f 653.62 + 22.57 a 1.53+0.10 ab
S2 16.34 £ 0.40 be 9.87+0.31f 13.44 + 0.20 abc 6.73 £ 0.06 cde 626.38 + 34.07 a 1.81+0.10a
- S3 16.92 £ 0.17 ab 10.33 £ 0.09 cdef ~ 13.53 £ 0.20 ab 6.73 £ 0.05 cde 668.19£19.18 a 1.21+0.10 ab
S4 16.71+0.12 ab 10.68 £ 0.18 abc 13.35 £ 0.12 abed 6.71 £ 0.03 de 67852+ 45.15a 1.01£0.08 ab

FEANTGE e - T A ) 2 1 1 Bt L e A R A 42
re, i 58 BT B RS 7R RO I B I A )

RN RS, T R &R AN
PRFR ST RO Th AE XS bR TG B3 5200, 16 F3S4 ZE PRI

RAE(11. 04 mm) , 2.3 &5 F XF I (P<0. 05) , B 1Y
JN10. 4% TIAEAR = ARFR ST B0 T AR, AS[R] 1 e
RSP T8 T BB, fEAHE IR &0 R,
W& - REAR AR B = A 7o 2 BT EES TR
RHEAE R A 504 WG M EEA AR S B0 /= Fh

7 BE B BN HR T G AN 6. 8%

B S48 5 M A S8R 22 (L A AL
F1S3 b 5 F3S3 Qb PR T E 48 = 1 RV, Y4
JNF1S4 2B (75 3B HE AN 2 ) i, B Z R RA R .
F1S2 Qb PR G T I HE M TE o (] — I i i AR A R
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SRR AE LIE R R LA BARR - F R AT 2.3 FAEERLGENIRFCERK S
SO o AE[F— AN E N, RS - AR AR 73 £ IH- ] it A %o 2L A R A B A VA A L R vA M R
BEN, AR R VA 2 ETHES S WiE B SRR S BRI E 3 (P<0. 05) , LIEEAN
SRR N & P32 B LR T R EA R IR R wFRIAMEE S (B 5 R R BUE I B3 (P<
fE (1. 81 kg) , T3 /= TN W it - TR AE A 2R (P<0. 05) 0.05) , W 2 A F XS F i 73 B Al 2. 3% (P<
FARRA T BT HEHE A 0. 92 keo 0.001), 76,

*6 MEMEESLEEEXIMNHICEFMERNERMNEZERMN

Tab. 6 Main effects and interaction effects of foliar fertilization and soil fertilization on kernel nutrients of Pinus koraiensis

R IEVANS Ay IEVANT *E L\ K I=VAN"

=2 RE BHE EH&IE*EE%H #/ ANE IéﬁElJﬁzgn 5/ RS B4 5% ﬁ?&lﬁiﬁfﬁl/ %ﬁ”ﬁgnf&/

L degrees of (mg-g™) (mg-g™) . (mg-g™) (mg-g™)
source of variation i oil content .

freedom soluble sugar content  soluble protein content phosphorus content potassium content

H+EFEHE e B 0.012 <0.001 <0.001 <0.001 <0.001
foliar fertilization
i%&)‘ﬁﬁﬁ? . 4 0.688 <0.001 0.008 <0.001 <0.001
soil fertilization
y;a;me x LA 12 0.853 0.208 <0.001 0.210 0.077

[l —M AT SN bE TIER R,  SRES BB ER ETHESS 1E F3S2 LB IR E 5 K
MR ATATEE A RSB RN EAES . £R—L {8, 79107. 89 mg/g, B3 TRHR(P<0. 05) , BIX EsY
SEHEALE N, B AR BRI, rIAVE R 47, 75%, AR T,

®7 MHHEHEES LEEELERILHCEFNERNZE

Tab. 7 Effects of foliar fertilization and soil fertilization treatments on kernels nutrient contents of Pinus koraiensis

l] s o R VE' =\ K ¥R | \E/ * . . ﬁ" \E/\" \E/\"
+EE@HE R EI@E*@JE?% #/ AAMER Jiliﬁgl/ SEE R B 5% fb‘i)ﬁgnf&/ iﬁ)ﬁ;q%ﬁl/
foliar . L (mg-g™) (mg-g™) ) (mg-g™) (mg-g™)
e soil fertilization i oil content .
fertilization soluble sugar content soluble protein content phosphorus content potassium content
S1 1254+ 0.95 a 73.02+3.84 c 66.35 £ 0.97 be 4.66 + 0.21 bed 13.61+0.75a
S2 11.64+ 093 a 82.83 = 3.00 bc 67.17 +1.30 bc 4.22+0.14 cde 12.32+0.36 b
F1
S3 13.27 £ 0.56 a 82.46 + 2.21 be 60.52 £1.15d 4.81+0.39 be 11.99 £ 0.56 bc
S4 12.85+1.02 a 85.91 +2.03 be 70.45 £ 2.25 abc 4.28 £ 0.22 cde 10.45 £ 0.39 de
S1 1325+234a 87.30 + 3.06 bc 72.43 +1.45 a 530+0.17 a 11.88 = 0.16 bc
S2 12.09+1.78 a 85.51 + 3.46 bc 72.72+0.93 a 4.56 + 0.21 bed 11.48 + 0.20 bed
F2
S3 12.88+0.41 a 94.50 +2.86 ab 70.97 £1.72 ab 512 +£0.08 ab 11.07 £ 0.26 bede
sS4 14.49 +0.87 a 97.53 £1.50 ab 66.01 + 2.40 bc 4.15+0.18 cde 9.83+017 e
S1 14.35+0.43 a 97.60 £ 1.97 ab 66.33 £ 0.58 bc 4.43 +0.18 cd 11.38 £ 0.26 bed
S2 15.60 £ 0.51 a 107.89 + 3.65 a 66.94 + 2.42 be 4.18 £ 0.13 cde 11.04 £ 0.36b cde
F3
S3 15.56 +1.48 a 107.52+3.01 a 65.28 +2.45 ¢ 4.01+0.16 de 11.29 + 0.36 bed
S4 15.07 £0.91 a 105.51+351 a 58.64 +0.56 d 3.74+012e 10.69 + 0.33 cde

FEATREM HACRI S AF T S LRI AEBTRAES . A LRI b e
i IR PR B B BRI RGESS MR Sk BRESMAET EHEEE AR 80T s E
PR B AERT , BEE LRGN E R SR s s Ry BRR EEISETHEREES M s e E R ST,
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M

I =

E42E

WEE M TEAC AR O & B R E S E I T R
(R FEHS , TG o & 7 BUAE F2S2 RO FR 5 A B B Al ,
72. 43% X REHGAN9. 16%

[F] — M- H AR RS £ 5 e A & A s
P BB R T BUMA E 2B taA, e — 1%
AN, FE G T AR > BTG AN, B3 o o 4L
MR 2SS RS AR B AL SR
e AL S A S i A A R AR R E B R
T e AR 73 B0 T AR5 v T B A B 5 it P I =
(R0 v O G = o AU L L M N A
A e A B A BE s 2T B

2.4 OMBENMMFRENESTMN

FARRBRIREE B 5 ARER IR T R 2 B IEAESC
KA (P<0.05), SFFR P REREEMRK, 5/
AR R B AIA TR R A R E S 2 BE IR
XK. HMRERG RS B~ ]EREHEMR,
SrEEEREs A TR EARES R EREE
MR FE s R e s B S A T E A PR R
ZIEh 2 EFEAK. MR MFIEs 5 ThE
BEIEMR. Mg BEMOREEZE IR,
AIAETEE H R B S R R R B AR
WK1,

1.0
CFW |CFW|0.86|0.38 |0.41|0.69 0.70 |-0.31] 0.40 [ 0.24 | 0.64 | 0.68 |-0.54|-0.34|-0.57
CDW CDW|0.16 | 0.51|0.64 [ 0.17 [ 0.65 |-0.49| 0.39 [ 0.40 | 0.64 | 0.79 |-0.34|-0.34|-0.47 0.8
KR KR |0.18 -0.48|0.22|-0.27|-0.17] 0.18 | 0.45 | 0.38 |-0.41{-0.24|-0.37
0.6
CW CW -0.39(0.28 [-0.47 0.97 [ 0.68 | 0.65 -0.30{-0.40
SL SL |0.45(0.72 0.65 0.240.31(-0.51/-0.16 0.4
SW SW 0.33 | 0.64 |-0.44(-0.40(-0.20 0.250.14
0.2
KL KL [-0.19/0.43|0.17 | 0.42 | 0.36 |-0.63|-0.32
KW KW [0.27 |-0.45|-0.41|-0.37 0
TSW TSW 0.23]0.19 |-0.41 0.19
-0.2
SWT SWT| 0.68 | 0.63 -0.33]-0.31
SS SS [0.88 [-0.48|-0.51{-0.49 -0.4
SP SP [-0.28(-0.53|-0.66
-0.6
oC 0oC |0.54
P [0.40 -0.8
K K
-1.0

CFWCDW KR CW SL SW KL KW TSW SWT SS SP OC P K

CFW: BB IREE RS ; CDW : BB IR FBE ; KR AP CW: BBAREK R & ; SL: FhF4C; SW . B 38 KL B A KW {258 TSW
FhLB R SWT: BBk F 7= & ; SS: ANVA MR RS 7 80 SP. FI B M E A B 28 0C. HIERES B PHRE S B KHRESE *. P<0. 05,
CFW: cone fresh weight; CDW: cone dry weight; KR: kernel recovery percent; CW: cone yield per tree; SL: seed length; SW: seed width;
KL: kernel length; KW: kernel width; TSW: thousand-seed weight; SWT: seed yield per tree; SS: soluble sugar content; SP: soluble protein con-
tent; OC: oil content; P: phosphorus content; K: potassium content; *. P <0. 05.
1 HESHFREEFROEXES R

Fig. 1 Correlation analysis of cone and seed quality indicators

T3 43 A T B A T A B S i A MR
WG % LM SRR E T B AT BRI
IRHEME R R BUERE  BIFRMEIC R BT 0. 74 B =5 FE T
RAREL, AR R ER R S A . R R TR E . AT
WS AIE AN HERE S 6 MElR. B
JG AR S AR AR HEAT T AR o3 A A aE A
Al o KMO (Kaiser-Meyer-Olkin ) 6 46 & 4 0. 62,
5 BRI R 50 45 R 1T 3 (x2=29. 84, P<0.05) , i A
BRE ST ERS T

FEEUATET 2 3 A4 B9 FRAEAE 43 51009 3. 215 Fl
1. 221, HAF TR 51K 53. 589%F120. 356%, Bt
TIRRZRIAE 73. 943% FRIAIX 2D AT RE B A =5
6 MEMRII TG L, W8, HrhsE—F sy rh sfkEk
SRR RTVA MR VAR R R BEA R ARIE
[F#RART , 43H19 0. 858.0. 894.0. 842, THIE B4 524
BRI AL (-0. 694) ; 5B F A, HFfREAR
RHIE AR (0. 601) , TR i & EA R AR 1 A 2
(-0. 854) , Hoptehria a4t i/ N 0. 3, W3R 9,
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%8 BEMSREEHBOILCE
Tab. 8 Summary of principal components and

comprehensive scores

£10 JFEHSRESEHICE
Tab. 10 Summary of principal components and

comprehensive scores

A - &5
sy Eigenvalue I TH e A T HEEAE Score HE
foliar soil
Component Bt FZEBESH/% 2f/% fertilization fertilization — XS F—FD FESS rank
Tota Variance Cumulative PC1 PC2 Z-score
1 3215 53.586 53.586 S1 -2.780 0.453 -1.890 10
2 1.221 20.356 73.943 S2 -1.630 -2.616 -1.901 11
F1
3 0.838 13.964 87.906 S3 1.209 -1219 0.541 6
4 0.347 5.776 93.683 S4 -1.763 2.660 -0.546 8
5 0.304 5.075 98.757 S1 -1.450 -3.663 -2.059 12
6 0.075 1.243 100.000 S2 -2.594 0.613 -1.711 9
F2
_ ’ S3 -0.507 2.054 0.198 7
R KESHFRREFREIESOTETRY
Tab. 9 Load factors of principal components for 54 1335 1494 1379 4
cone and seed quality traits Sl 1.142 0.252 0.897 5
HETRE S2 1.850 2.006 1.893 1
$ehn load factor /A¥?£ ES)
. common factor
index B—ERS BTERS variance S3 2.484 -0.024 1.794 2
PC1 PC2
S4 2.705 -2.010 1.407 3
S EI5TR =
SR RERE 0.858 -0.129 0.752
cone fresh weight L
ROPE, T F3S1 b (R fR 3 B AR B HES 28 2,
Hifh= N S e 3 dnl
kernel recovery percent 0.572 0.601 0.688 {E/E\:{%L{&ﬁﬁg F3Sl ﬂfij:ﬁﬁ ’ #EHE*#)&AK&{EEO F3
FRFR REPR (F RFR 53 B THIAE ) A 2835 3% 2 i s Tt TG AR R
LR . 0.403 -0.854 0.893 . e o
thousand-seed weight SEE e AR, H SR IR AR 45 A B RUR
=L [
T REE R 11,
PV IR 3 2 0.894 0.150 0.821
soluble sugar content
NS [I=VAN'C 3 Lj Ie
? 3.1 FREMEARALIEIT LI AT F R AR
Sth B FE = 2\ ¥ a— ., —_ S o
fjlﬁiiiﬁﬁ ~0.694 0245 0.542 REEHRMZZES TR, A T

MRHE Ay e R B 2 D E BT S
R QB IR AR AR R 2 Bl o3 FERE S HE N ARHEAR R g
MEFRPRELE BB T ES ERS ST 5
BEEAS T ERBRBEITERAZEE S, WK 10,
F3 0N A 4 DR SR R e B 0. 8, H
HHF3S2.F3S3 F384 b B G HEL AT =44 . M F1 20 PR
AL BRAS T IRARK , BR F1S3 {b BRSNS N i fH
2.5 FEEEBLENIMKESHFE TS
A

12 > 4b B[R] 7 Fh - v U 7 Y0 Bl DN 13 255. 77~
35 693.62 Jr , H 1t F382 &b B v IR A B e, A
35 693. 62 7T, B F1S1 AN GRAEAEANE ) f2 5 18 708. 22
TGo Ui I HEA BT 3 B BRI N F3S2.F3S1.F3S3

$i2 vey M P -2 2% o B 73 B, T P2 3= o R 73 B RO 5 0
Al SR R A RE I e S PR Z B N, e A
THAERIR A T R YRR . AR SRR EAL
P Bi SR ik A B L A I it S 5 S A, B T
1 AR KB L ER D BOt = BE I ELLARER IR
BRI &, AR B eIl S g
e LA & i A Al T2 (R M-I\ Sk AR I, 1X 0
B I A A] (i BEZLARGE SE i 4 Ay LI N B 5 = A
ARG B T A - R AR AS & P RESR b 7 AURFR R
N FZAR( Cunninghamia lanceolata) 2511 IH- TH Jitd I &b
UG R Ttk R BRI B 82 Y, H- e
Prit L ety s e 2 i R E R B L PE (Paeonia
suffruticosa) P =& , I Py W A0 B i £ v I
JRESBATRAERBEI S . = 240 52 (Taxus
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=1 FERERBLEMIMMFEFRESH
Tab. 11 Economic benefit analysis of Pinus koraiensis seeds under different fertilization treatments

- T e AE TR ¥ 8/(kg-hm™) ¥ E/Gt-hm™ T R A/ 7T It /7t &

foliar fertilization soil fertilization seed yield seed revenue fertilization cost net revenue rank
S1 381.67 19 083.40 2098.00 16 985.40 9
S2 329.81 16 490.50 2628.00 13 862.50 10

" S3 332.56 16 628.10 2918.00 13 710.10 1
S4 453.39 22 669.60 3226.00 19 443.60 7
S1 453.35 22 667.45 262328 20 044.17 5
S2 465.39 23 269.45 3153.28 20 116.17 4

v S3 333.98 16 699.05 344328 13 255.77 12
S4 472.48 23 624.20 3751.28 19 872.92 6
S1 656.48 32 824.05 264838 30 175.67 2
S2 777.44 38 872.00 3178.38 35 693.62 1

" S8 522.19 26 109.60 3468.38 2264122 8
S4 435.50 21775.20 3776.38 17 998.82 8

madiaXT. yunnanensis “Yunman ) 18 1= IH-1H iti FH 0. 2%
PRZE+0. 2% KH,PO R G VA TR ] T & B R 45 S8R (455K
B DU AR TR, A EE A - T AT AT DLk S £
it A A8 =R SR R RR EA T I T AL, T RS
IH-553 22 Jo 8t 43 ORI T R3S B 3 Y N7, R 2 7
F5: PS 1T LB ERBORS NP ea P2 AR SR HR A
i T L) i

T A 5 e ) 2 B R 7K Vs LR PR 3R 48 A L
RR AELLAABR R & & 1T e S O e, mT o
IR BRI S RE B0 &, it fid BEER SR 5
=57 E R . ARAHBHE Y HE (Torreya gran-
dis ) G AN R Feh 288 B I T A AL B PR 900 T X — WA,
eI g e A [ P T AL e 35 K T S AL B o e
53 RI$2 5 10. 9% F11 3. 3% B A RAR 5 72 i 5
ik 7K Vs A Kb 3L 5 s AT S ) BEAZ SR R A = 17 9. 8%, T
TEET T MRS SR R SR Rk B R
B 7] T R BRI KA A o PRI, AR FR R SR P &
FIF= 5 S M AU $2 i, AT RS H T M- T fe AR AR v T 204
MR EEEREST, NERR R FRME TERBHDEE
=9
3.2 AEGRBLGENMICEFRMAIIIN

CLAAFHZ RIS HERE  rIVAME R H SRR 8L
ERMRLLANK S FR A B R RR . IR LR R
e 7 Boklsy , DR = AR B FOREL, -1k
T AE 5 3 AR T 2 R e A B R E H R ST

BOOFBEE N ELER S BT SRR R A EH, AEMR
REKSE 528 H B R IR % R EAE S MEY)
r S ERESEEY iU BTG TS 2 2 (Bromus inermis)
PRI H R B0 17. 39%~60. 2%, HEA
REFRFSTEAE (Arachis hypogaea ) {—HHL B F1 i B 73 £ bE
ARt BRI 1. 24~3. 57%% o AR5 A E SL R
KA AEVT PR 22 it L D £TAA R A B 1 R & R A T
SIELERAIA , DRI A VA 2R 1 o 43 B B e A A R 43
Bt m iR i

TH- T 6 5 - S e £ AR e TG R B 43
SN S5 A A M AR R B R ], R0 - AR
SRS & BTG HEAE A L F2S1 S0 3 (IR AR FR 43 4K
H- T A ) F5 VA R 7 B AR R L F2S2 b B (R4
S HUH TR AR S (R I A ) 4 & th a] DU SRS &
AR R i RS FE (F3S3 . F384 LbBR ) ot v s & B TG
MR, B AR = A6 o 2 80 3 (Brassica
napus) S FEHE UG P SRS PR R AT I
FURRES AR SR 8 HR AR RA SR
RS 3. 3%~12. 1%, BHBRA LTRSS
BUR AR TR H FE R A R SE AR R = A 2
iElggRe R A A

BAN, MK SR 285 i AE S F1S3 b3
R AR R MR R BT B AR R R S EUE
EREAR, M AR K SRR B R T REAFAE AR
A 637 X RS M e B T R B AR Sl o A
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INTEST L SR , 78 2 B A R ML Je e i 2R 1 o & RO R
TR, A& E 2 A TS mAEEiES
o TELIEME(Carya cathayensis) & ER, AR 11 HE
I i e - v A, 6 £ 2 P SRR I o i 43 B
45 RIHEE 16. 24% F113. 73%%,
333 ETFERSSWHNESTENSEFUEE
pakiiy
Je NATURgE it - AR 5L VR A A IEURH 2 &)

SRR FEVEY R A o AL P SRR K VA R AT
BRARTHED R - B 54578 AR5 E
I5 A AR IPA AR VN S = i van B B I 2 S =82
SRR & R AR R M AA R A
PEEE S R A B 6 D EARVE RN LLAA R SE
JRA SR R . ANFAFEADA A G151 =2 B2
F3S2.F3S3 F3S4 {b e A R 73 45 - 1 e A Bl v £
208 s A T e ol (2 w1 = e E R =P I T2 pa
CLAAER R S R e WA A FEAE L B A LT AN T4
BRI T 0T, R B F3S2 RbFR B Fh e i HE 2 55
— BAMEAEAL P A R R 18 708. 22 7T, T R A
Sy EUH- AL, B F3S1 AL G B K R AL
fi, MEACERE BN B . FSR F3S3 RhFR AR SR Sk
FHEE S —  (H ARG R AR,

4 i

TH- T e A2 R M £ LA B R = AT 72 i SR 0
FHRA T, 5 LEEEEE D RS BT
B ELRRER SR A b i YA A I e S A R 93 5
T v i S BN, = AR A3 - 1 e A 5 R A R 3 £
- 48 it AT i e (1°3S2 &b 38 RO e . M AR 5 £
SBe i AR R T SR T VA MR R R A 2, ELR AR
AEF RS o 1 B S A X F A &
BRI R VR L AR AR AR 4 B0H- T e A 5 R 4y
Bt e I B A5 A (F282 R0 B ) FIMIR A AR 43 BUH- T e
AE (F2S1 Kb B ) B, AT 52 35 42 & VRS & 73 829, 1%~
9. 6%, LEEGTTR G 5 FSL L RIEMN T AT, F3S2
REFRRIEAR , P71 U ER A 36 152. 3 JT/hm?, E AT
SWEEETESHEG S —  F3S1 BRI 25 R 2, M 30
634. 45 Jt/hm’, Ji AP B8 %5 16 L AR B 1R o

ESI AN AN VAR i U= R SR N A
(0. 2% ) M- [ i A 55 R AR & (50 kg N-hm ™) 13 AR
HAERRERE, AR E AR T RN E TR TR
BB AET . TR 2 e AR F1) 5 s AR A
2, AR AR 52(0. 209 ) - HEAR LA FE
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