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Effects of tree shape adjustment on canopy light intensity and seed quality of
Torreya grandis ‘Merrillit’
MA Shuang, SUO Jinwei, CHENG Hao, HU Yuanyuan, YU Weiwu, SONG Lili, WU Jiasheng

(State Key Laboratory of Subtropical Silviculture, Zhejiang A&F University, Hangzhou 311300, Zhejiang, China)

Abstract: [Objective] This study aimed to investigate the impact of adjusting the number and opening angle of
skeleton branches of Torreya grandis ‘Merrillii’ on canopy light intensity and leaf photosynthesis. Additionally,
it aimed to elucidate alterations in carbohydrate, oil content, and other components to reveal the effect of tree
shape adjustment on seed quality and provide a scientific basis for the tree cultivation. [Method] Experiments
with different numbers and opening angles of skeleton branches were conducted using single-factor and
interactive treatments to examine canopy light intensity, leaf photosynthesis, and the contents of soluble sugar,
starch, soluble protein, oil and fatty acid components. [Result] Adjusting the opening angle of skeleton
branches significantly influenced canopy light intensity. Under the opening angle of 60°, the light intensity in
the central and lower layers of the canopy notably increased (P<<0.05) from May to September, peaking at 40
kix in the central layer in July. However, an excessively wide opening angle of 80° led to a decrease of canopy

light intensity. Under the interactive treatment of different numbers and opening angles of skeleton branches,
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the net photosynthetic rate, stomatal conductance, and transpiration rate of the leaves significantly increased in
May, July and September (P<< 0.05). Carbohydrate analysis revealed that the contents of soluble sugar and
starch in seeds under 3 and 4 branches with the opening angle of 60° adjustment (N3-A60° and N4-A60°) were
significantly increased (P<<0.05). The content of soluble sugar and starch in the seeds reached 609.05 and
576.63 mg-g ', respectively. Furthermore, tree shape adjustment significantly promoted the accumulation of
soluble protein and oil in the seeds. [Conclusion] The tree shape adjustment of 7. grandis ‘ Merrillii’ can
enhance the canopy light intensity, leaf photosynthesis and seed quality, and the 3 and 4 skeleton branches with
the opening angle of 60° has the best promotion effect. [Ch, 2 fig. 7 tab. 38 ref.]
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Table 1 Effect of tree shape adjustment on the change of central layer light intensity
- SRR /KIx
51 6/ 71 8 9/

CK-A30° 16.92+0.26 ¢ 18.11+0.21d 32.26+0.57b 38.48+0.34a 22.10+£0.42 be
CK-A60° 20.28+0.27b 23.00+0.24a 37.59+0.37a 39.85+0.86a 26.09+0.21 a
CK-A80° 15.03+£0.17d 19.97+0.48 ¢ 26.99+0.62 ¢ 36.37+0.69b 21.66+0.31 cd
N3-A30° 20.08 +£0.35b 21.11+1.53 be 2790+ 1.16 ¢ 35.55+0.27 bc 22.86 +0.44 b
N3-A60° 26.85+£0.50a 22.15+0.35 ab 36.72+0.88 a 39.67+0.67a 2596+022a
N3-A80° 17.61£0.26 ¢ 18.14+0.18d 31.09+1.08 b 33.88+0.32¢ 21.01+£0.27d
N4-A30° 16.19+0.27 d 18.11+0.52d 38.01+£045a 34,58 +0.61 ¢ 22.09 +0.23 bc
N4-A60° 2525+0.72a 2333+£030a 36.95+0.66 a 39.15+£0.36a 25.83+0.21 a
N4-A80° 18.01£0.59¢ 1496+0.27¢ 36.10£0.81 ab 3393+043¢ 22.08+0.33 bc
NE 0.000 0.000 0.000 0.000 0.032
AE 0.000 0.000 0.000 0.000 0.000
NE x AE 0.000 0.000 0.000 ns ns

VL. CK FR Mg T4 AR IFSLIE s N3~4 730l 3FR 3. 4 58 TRIFLIE; A30°, 60°, 80°4:HIFE7R 30°, 60°, 80°JFak £ i ;
RIS R /NG FAE R R A R Ab B B 25 57 B 3 (P<<0.05). NE F/nd TRV ; AE RN MAERUY ; NEXAE F£R38H RN ;
P<0.05 FREFEF; ns KR LEFER.
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Table 2  Effect of tree shape adjustment on the change of lower layer light intensity

S HE B /kIx
JhEL]

5H 6/ 7H 8H 9H
CK-A30° 8.55+0.09 ¢ 11.22+0.32b 11.75+0.49 cd 1425+043b 10.15 +0.33 cde
CK-A60° 9.22+0.23¢ 14.18+045a 1578 £ 1.12 ab 16.55+0.22 a 11.73+0.14 a
CK-A80° 7.38+0.46d 9.83+0.68 ¢ 9.93+1.17d 12.53+035¢ 9.64 £0.16 de
N3-A30° 7.41+0.09d 9.50+0.43 ¢ 10.64 +0.69 d 12.60 +0.46 ¢ 10.31+0.19¢
N3-A60° 13.93+045a 13.82+0.37a 13.70 £ 0.45 be 16.08 +£0.40 a 11.25+0.22 ab
N3-A80° 9.15+0.27 ¢ 841+0.12¢ 12.20+0.79 cd 1277+ 037 ¢ 9.56+0.14 ¢
N4-A30° 7.38+0.23d 10.03 +0.36 ¢ 12.10+0.57 cd 13.22+0.36 ¢ 10.34+0.10 ¢
N4-A60° 11.54+0.23b 13.54 £ 0.33 ab 16.55+0.36a 16.00 +£0.27 a 10.72+£0.11 be
N4-A80° 7.32+0.17d 6.65+0.13d 10.21+0.37d 12.67+0.62 ¢ 10.22£0.22 c¢d
NE 0.000 0.000 0.004 0.111 ns
AE 0.000 0.000 0.000 0.000 0.000
NE x AE 0.000 0.000 0.031 ns 0.007

UiH: CK R Mdg T4 AR LI ; N3~4 730l %R 3. 4 58 TRIFLIE; A30°, 60°, 80°4: 4R 30°, 60°, 80°JF il £ i ;
B [ /NG b s AR R Ab B H] 22 57 8. 3% (P<<0.05). NE /R THEEN ;3 AE FR AR ; NEXAE F£R 8 A 5
P<0.05 #/REHFDE; s FRLBEER,

2.3 HRARENEEMITIEESRES BN

M1 S AT BfE FHEFSCA, Ml iF RO B SR, 8 Akl mE, 9 AMLEt 8 Amga
B B TR K A R R R A 3OO AR SR AR R R A A (P<<0.05), Forbr A60°4b BT
T E AR R A S T AR R T A, (ER TR K A R AR SR B R AR R S e R SR B . CK-
ASOCAL R R, 7—9 H Fh sz nl w8 1 i i 0 B0 CK-A30° 8 5 &Ik (P<<0.05). [RI, B A% 58 m
o P R T RS P R AR R R R AL, N3-A30°F1 N4-A30°4bHE T, Ahse rp ml i PR 1 8
30N E 484.14 F1460.3 mg-g'o B TRCEL H AT 3K A B 1Y 28 B AR PR AT I S 4R A S R RIS MR TR
gy, DL 60°TF ik M B S 3 Ml 4 F5 i TR A28 B AN B SE AR e fE . N3-A60°F1 N4-A60°4b #E
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Figure 1 Effect of tree shape adjustment on the change of leaf photosynthesis
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Table 3  Effect of tree shape adjustment on the content of soluble sugar of the seeds
) AR R B (mg- g7")
G hEL]
5H 6H 7H 8A 94
CK-A30° 421.32+4.11e 487.16 £6.23 d 338.34+0.36d 190.71 £4.46 cd 158.85+0.67 ¢
CK-A60° 565.11+8.55¢ 541.84 £10.31 be 416.54+£2.76 a 228.51+6.35a 191.20+£3.63 a
CK-A80° 577.53 £3.57 be 512.94 £ 10.18 cd 387.12+£6.36 be 215.29 £2.45 ab 17870 £1.22b
N3-A30° 520.20 + 14.86 d 479.39+£13.79d 346.86 £2.55d 202.64 +£3.27 bed 171.07 £2.16 ¢
N3-A60° 590.90 + 5.07 be 566.07 + 15.20 ab 378.60 £ 6.24 ¢ 210.84 £ 1.61 abc 190.53 £1.40 a
N3-A80° 641.06+8.71 a 585.95+2.65a 367.76 £ 6.82 cd 198.62 £ 4.46 bed 17851 £1.99b
N4-A30° 522.59+9.70d 521.33+£17.14 cd 35434+£2.69d 183.24+1.08 d 166.30+£2.92 ¢
N4-A60° 609.05+822b 567.31 £2.17 ab 414.99+7.73 a 210.98 £0.71 abc 185.28 £0.99 ab
N4-A80° 566.06 +10.40 ¢ 546.50 + 8.53 be 408.28 = 6.78 ab 203.51 £10.23 bc 180.70 +2.30 ab
NE 0.000 0.015 0.000 ns ns
AE 0.000 0.000 0.000 0.000 0.000
NE x AE 0.000 0.038 0.017 ns ns

UEHH . CK FmBd TH BRELIE ; N3~4 730l FR 3. 4 408 TAIFLIE; A30°, 60°, 80°43 43R/ 30°, 60°, 80°H 3K i ;
[ %) R[] /NG S8 s AR [R) AL IR H] 22 5 B8 (P<<0.05), NE EoRB THSUY ; AE Fs M BERN 3 NEXAE 78 38 HAUW ;

P<0.05 FARZERLE; ns RARLRFESR.

8 H Fhsz It 1 B0 800 A 3 647.12 F1752.61 mg-g ™', 8 CK-A60°43 I3RS T 13% H131%.
2.4 WRAENEFEMISMERBHERASS RN

T A B R A MR S R ) AR AR, IR — e 7 A R AR, PR R A Ak P
7—9 ARSI EImR . BE 7—9 A RIS E B, FilRg g, 9 AiR8R M. 5 A30°H L,
AG0°KE FH T Rl 52 7 i R AN (P<<0.05), {EIFK A1 i K (A80°) AFI F-Ahse &rim AR . gl i
TR 38 o S5 Y R B B R, 28 A B o S i R T R, A R b
TR A5 32 2237 B TR T Ik A I (€ 6).

9 A HE BB S iR T RR AL 53 43 B R . A HETHIE E 2 PR AR R . BEARAR . ThAR . WER . WK
PR RN AR S 2 A 4 A, v, R ARURIAR B R R AL SRR o Fe By, SRR i B i i (1 2).
58 R BN [T A BT R I R 28 4 Jot i A B A A B 358 ) (P<<0.05). W36 7 PR B TROT iR A
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Table 4 Effect of tree shape adjustment on the content of starch of the seeds

FEM BT EU (me- g7

Ab B
5)1 61 7H 8J1 9H

CK-A30° 521.82 £ 5.06 be 267.04 £ 16.07 110.38 £4.14 d 96.55£5.21d 107.33£1.39¢
CK-A60° 650.25£38.93 a 362.11 +2.06 cd 141.85+7.26 be 117.53 +8.18 be 123.31£2.66a
CK-A80° 519.67 +7.61 be 497.72+7.55a 166.86 + 9.52 ab 118.15+ 1.39 be 104.11+0.37 ¢
N3-A30° 490.65 = 10.37 ¢ 311.77 £8.97 f 131.72 £ 7.93 cd 115.05£4.91 ¢ 11652+ 1.88 b
N3-A60° 57341+ 12.95b 393.56 + 4.00 be 164.49 +3.53 ab 14176+ 1.17a 110.77 4 0.72 be
N3-A80° 494.41+£9.80 ¢ 369.79 + 17.69 cd 117.27 £ 4.69 cd 11343+ 1.68 107.72+2.23 ¢
N4-A30° 483.12+ 116 ¢ 323.66 % 17.75 de 142.93 +10.24 be 118.15+2.31 be 8175+ 1.17¢
N4-A60° 576.63+ 11.28 b 481.64+20.17 a 180.87+4.97 a 130.92 +0.99 ab 106.09 £ 1.71 ¢
N4-A80° 508.92+ 13.08 ¢ 43341+ 151b 121.59 £ 5.50 cd 120.08 + 0.58 be 9536+ 1.77d
NE 0.021 0.001 ns 0.005 0.000

AE 0.000 0.000 0.000 0.000 0.000

NE x AE ns 0.000 0.000 0.038 0.000

LT CK RN BLE TAL FARIBILTE 5 N3~4 735I300R 3, 4 0B TAOT.LIE; A30°, 600, 80°405IFIR 30°, 60°, 80°TF 3K I ;

[R5 R[] /NG B 3 78 T ] b B ] 25 5 B3 (P<<0.05), NE Eon B THSUN ; AE 27m f1 BERUN
P<0.05 FREFDE;

ns FRTLEFE XS

x5 MRAEXMEEMITIEERRESHNZ N

Table 5 Effect of tree shape adjustment on the content of soluble protein of the seeds

; NEXAE F/R 38 H AN ;

AR AR B (mg- g7)
Qb3
51 651 7H 81 9H

CK-A30° 135.89+£6.72d 146.02+5.22¢ 172.30 +£3.13 fg 402.95+ 1491 f 34321+1093d
CK-A60° 198.53£10.20b 217.51+£3.28¢ 270.21 £14.30 ¢ 573.63 £3.96 ¢ 573.37+£6.35b
CK-A80° 140.62 £9.01 cd 151.01 +£3.82¢ 161.66 £230 g 23522 +£5.10h 23533+14.75fF
N3-A30° 205.62+3.35b 21597+10.83 ¢ 240.41 £5.43d 484.14+5.23d 47895+5.14¢
N3-A60° 286.88 £0.64 a 329.74+£6.35b 407.5£11.09b 647.12+£12.21Db 585.41+£11.49b
N3-A80° 197.94 £8.84 b 200.59 +7.38 cd 209.55+4.84 ¢ 270.19+£9.19 g 297.18+6.63 ¢
N4-A30° 189.08 £2.21b 200.59 +2.57 cd 223.38+2.30¢ 456.88 = 8.05 de 460.3+7.14 ¢
N4-A60° 283.63 £8.86a 363.95+9.76 a 44475+ 11.75 a 752.61£7.16 a 680.07 £ 15.65 a
N4-A80° 163.67 £2.30 ¢ 181.76 £2.74 d 195.71 £ 1.51 ef 431.99 £ 13.05 ef 296.71 £6.88 ¢
NE 0.000 0.000 0.000 0.000 0.000

AE 0.000 0.000 0.000 0.000 0.000

NE x AE 0.027 0.000 0.000 0.000 0.000

VEH . CK /R g T FARBISKIE 5 N3~4 A0l 30R 3. 4 58 THIFOIE; A30°,

P<0.05 #REFEE; ns KR LBEER.

HIK, HNRWRA A8k .3 (P<<0.05), M,
O e, ISR AR, AR TR |
1 22 B A BRR A T DA A 2
A60° KT SV IH 2 F1 42 WA TR T

3 it

R i ORI R AR I B B R AR,

14t K i A T WEERI . BRRRIE A TR R RAFRORHREE R, e i v el X2 G RE 1 /Y

R4

6

60°,

80°43 4l F N 300,

60°. 80°J 3K ;
RS R] /NG A Fem AN R AL B R] 22 57 8 3% (P<<0.05). NE F/nE TR ; AR RRMERUN ; NEXAE £7R8 38 BN ;

TR o 70 BOR o LU ARG, S R R A PR S o
WML . SAATRINAR . B T H FIF sk M B
%ﬁi¢ﬂ%%ﬁﬁ%@%ﬁ%%ﬁ@<mm,ﬁ¢,
4391k %] 288.81 A1 65.21 mg- g’

DA N3-A60°F1 N4-

1o SRS A TR N AR A SR HE , LR RN R A AR
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Table 6  Effect of tree shape adjustment on the oil content of the seeds
bR %
Abp

7A 8H 9A
CK-A30° 28.34+£0.16 ¢ 45.96 = 0.01 abc 51.53 £ 0.63 bed
CK-A60° 29.53+0.12a 46.52£0.13 ab 53.59+0.53a
CK-A80° 28.09+0.32¢ 45.11+0.12¢ 50.19 + 0.44 bed
N3-A30° 28.56 £0.21 ¢ 46.17 +0.23 abc 51.93+0.27 ab
N3-A60° 29.65+0.19a 47.08+0.24 a 53.89+£0.69 a
N3-A80° 28.12+£0.26 ¢ 45.61+0.11 bc 49.50 £0.59 cd
N4-A30° 28.65+0.17 be 45.81+0.73 abc 51.26 +0.28 be
N4-A60° 29.46 + 0.34 ab 47.03+0.38a 53.90+0.48 a
N4-A80° 28.34+0.19¢ 45.14+0.20 ¢ 49.04+0.30d
NE ns ns ns
AE 0.000 0.001 0.000
NE x AE ns ns ns

U : CK F/R Bl T4 HARIFISOE s N3~4 3513808 3. 4 i THEOFOIE; A30°, 60°

. 80°43HIIFRIR 30°, 60°, 80°HFHK A i

[RIZAR ]/ INE B e m AN [ Ab BR 0] 22 53 i 3% (P<<0.05), NE F/RE AR ; AR RN MIERUY ; NEXAE /R 38 BN ;
P<0.05 FREFBE; ns R LBEER,
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Figure 2 GC-MS chromatogram of main fatty acids in the seeds
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Table 7  Effect of tree shape adjustment on the main fatty acid compositions of the seeds
NE MR ZH 43/ (mg- g ")
OB
EHRIR T e bl RIATH T HRIR B /0 E NI
CK-A30° 39.04+023cd 11.47+0.07b 164.59+095b  240.73+1.39f 1.60+0.01 fg 3.64+£0.02a 4748+0.28f
CK-A60° 4452+021a 10.50£0.05¢ 151.62+0.71c¢ 262.57+1.22d 1.82+0.01d 345+£0.02b  54.59+026¢
CK-A80° 38.96+£0.16 cd 9.92+0.04d 149.08+0.62d  242.67+1.00f 1.66+0.01e 2.83+00le 5035+021e
N3-A30° 40.75+0.10 b 1236+0.03a 176.29+043a  231.78+0.57 g 1.61+0.00 f 301+0.0lc 4651=+0.11g
N3-A60° 41.01+£0.25b 6.84+0.04h 132.17+0.80¢ 288.81t1.74a 1.94+£0.01b 1.98+£0.011 59.40+0.36 b
N3-A80° 38.76 £0.22d 7.38+0.04f 117.32+0.66 f 265.62+1.49cd 1.89+0.01c 256+001g 5518+031c
N4-A30° 41.03+0.11b 9.96+0.03d 150.38+0.39cd 246.87+0.64¢ 1.57+0.00 g 292+0.01d 53.37+0.14d
N4-A60° 4431+0.19a 798+0.03e 132.52+0.56¢ 27739+ 1.16b 1.87+0.01¢ 2.78+0.01f 6521+0.38a
N4-A80° 39.36+0.11¢ 724+0.02g 10493+030g  268.38+0.77¢c 2.11£0.01a 226+0.01h 5988+0.17b
NE 0.000 0.000 0.000 0.000 0.000 0.000 0.000
AE 0.000 0.000 0.000 0.000 0.000 0.000 0.000
NE x AE 0.000 0.000 0.000 0.000 0.000 0.000 0.000
BB CK RREH TR AARRKIE; N3~4 35135 3. 4 % TEIFOIE; A30°, 60°. 80°43Hi3K7R 30°, 60°, 80°JF ik ffi ¥ ;
[FIF ARG PR R AN R b B 22 57 .35 (P<<0.05). NE F/n8 TRV ; AE RRFERON ; NEXAE /R 38 T AL 5

P<0.05 FREFLE,

FUEPY 2 FRECF MY 6 8L Pyrus pyrifolia B el 201 BE A N 6 IR B 3 & F V IR M 0o 2B
B, HiBrids, JeRRE iR, FacrhaliEranE . AN . BB RS E RS REIFIKk A
FEARFRAY WL SERPAIEMER R O BR B E R, Hd, Ik EEN 110°~120°8F 1k B %
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WER S 5—7 A FMEA S i Al eE . TER TR A, A S HALFRACR A, N4-A60°F N4-A60°4k
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