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Effects of different altitudes on seed morphology and nutritional composi-

tion of Torreya grandis ‘ Merrilli’
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Abstract: [Objective) Torreya grandis ‘Merrilli’ is concentrated in the high altitude mountainous ar-
eas. Few studies on the effect altitude on the growth and seed nutrition of the tree are available. This
work was to evaluate altitude effects on seed morphology and its nutritional composition of 7. grandis
‘Merrilli” to provide reference for determination of its suitable altitude range. [Methods] 7. grandis
‘Merrilli” seeds were sampled from each of the 5 locations at different altitudes (65 m, 480 m, 516 m,
565 m and 645 m) with similar managements in Shenzhou, Zhejiang, in September 2017. The morpho-
logical and nutritional characters of the sampled seed were analyzed. 11 morphological parameters in-
cluding aril-seed length, seed length and wide, shell thickness and seed weight and 10 nutritional ingre-
dients including fats, proteins, acid value, peroxide value, palmitic acids and stearic acid were mea-
sured. The quantitative indexes of 30 nuts per sample were determined by conventional methods. The
method of continuous extraction was used for the determination of fat content. The content of pro-
tein was assayed using Kjeldahl determination. The fatty acid composition was determined by Agilent

6890N/5975 MSD. The relative percentage of the oil constituents were quantified by calculating the rel-
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ative contents based on the peak areas with normalization method. The peroxide value and acid value of
seed oil were determined by GB/T 5009.37-2003. Three biological repeats were made for each analysis.
The data were processed with SPSS 19.0 for correlation analysis, gradual regression analysis, factor
path analysis and determination degree analysis.[Results]The results showed that 7. grandis ‘Merrilli’
seeds had the largest variation coefficient in the aril-seed length weight (13.12%). The variation coeffi-
cient of the other indexes was relatively low (CF<10%). With the increase in altitude, the aril and seed
became longer, and the kernel recovery increased. There was a significant positive correlation between
altitude and seed length, kernel recovery and shape index of aril-seed (p < 0.05). At low altitudes, aril-
seed had a relatively small shape index. And there was a significant negative correlation between alti-
tude and aril-seed diameter and weight (p < 0.05). Partial correlation analysis further revealed a signifi-
cant positive correlation between altitude and seed length (p < 0.05). Path analysis indicated that aril-
seed weight and seed length were the main predictable factors affected by altitude. The average oil con-
tent and variation coefficient at the 5 altitudes were 48.68% and 3.97%, respectively. However there
was no significant difference in crude oil content (p < 0.05). The protein content decreased with the ele-
vation, and the difference among altitudes was significant. There was a significant negative correlation
between altitude and the contents of protein, stearic acid and linoleic acid. However, there was a signifi-
cant positive correlation between altitude and oleic acid and eicotrienoic acid levels. The contents of
eicosadienoic acid, eicosatrienoic acid, oleic acid and stearic acid were also affected by altitude. Partial
correlation analysis further revealed that altitude was significantly positively correlated with the con-
tents of eicosaurotrienoic acid, oleic acid and stearic acid (p < 0.05), the partial correlation coefficients
being 0.981, 0.971 and 0.819, respectively. The content of eicosaurotrienoic acid, oleic acid and stearic
acid increased with the increase in altitude. The direct effects of altitude on eicosadienoic acid were the
highest, followed by those of eicosatrienoic acid, oleic acid and stearic acid. 99.2 % of the four nutri-
tional traits of the seed were affected by the change in altitude.[Conclusion)T. grandis ‘Merrilli’ seeds
had different characters at different altitudes. Changes in altitude affected the 11 morphological traits of
the seeds. Variation in elevation affected the morphological characters and the nutritional ingredients in
T grandis ‘Merrilli” seed, among of which aril-seed weight and eicosadienoic acid were most largely
effected by altitude. 7. grandis ‘Merrilli” at low altitude had a slightly lower kernel recovery with stub-
by seeds and heavy and large aril-seed. There was no significant difference in fat content among alti-
tudes. Protein content and linoleic acid content at low altitudes were higher than at high altitudes. The
oil, protein, acid value and peroxide value at low altitudes all met the standards of Forestry Industry of
the People's Republic of China (LY/T 1773-2008). The nutrition indexes at an altitude of 65m also met
the basic requirements. It is suggested that 7. grandis ‘Merrilli’ cultivation can be appropriately extend-
ed to low altitude areas.
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Table 1 Morphological parameters of Torreya grandis ‘Merrillii’ seed with altitude

R MK ANEERZ MTK MrER REE TR RrRE O CRRE AR FHEBIREL MOBIREL

Altitudes/m Aril-seed  Aril-seed Seed Seed Seed coat Aril-seed Seed Kernel Kernel Shape index Shape index
length/cm diameter/cm length/cm diameter/cm thickness/cm weight/g  weight/g  weight/g rate/%  of aril-seed of seed

65 3.20+ 2.10+ 2.89+ 1.35+ 0.07+ 9.27+ 1.97+ 1.35+ 68.26+ 1.52+ 2.14+

0.01a 022a 0.04 b 0.06 a 0.004 a 0.05a 0.04 a 0.03b 0.03d 0.0lc 0.03 be

480 2.97+ 1.93+ 2.90+ 1.38+ 0.07+ 6.92+ 1.89+ 1.28+ 67.79+ 1.54+ 2.10+
0.19b 0.07 cb 0.03b 0.04 a 0.001 a 0.04d 0.04b 0.03¢c  0.06e 0.04c 0.08 ¢

520 3.17+ 191+ 2.90+ 1.32+ 0.06+ 7.04+ 1.51+ 111+ 73.21+  1.66+ 2.20+
0.02ab  0.04c 0.03b 0.03 ab 0.001 b 0.03d 0.02¢ 0.03d 035b 0.04a 0.02 ab

560 3.25+ 2.04+ 3.02+ 1.37+ 0.07+ 8.60+ 2.00+ 1.40+ 70.22+ 1.59+ 2.20+
0.04 a 0.04 ab 020a 0.02a 0.001 a 021b 0.0l a 0.02a 0.02c¢ 0.03b 0.01 ab

645 3.32+ 2.01+ 3.01+ 1.33+ 0.07+ 7.57+ 1.85+ 1.36+ 73.58+ 1.65+ 2.26+
0.1a 0.03b 0.01a 0.03 ab 0.001 a 0.03 ¢ 0.04 b 0.02ab 0.13a 0.07a 0.02 a

FEE 3.18 2.00 2.94 1.35 0.07 7.89 1.84 1.3 70.61  1.59 2.18

Average

Bt i 22 0.131 0.078 0.065 0.025 0.004 1.038 0.196 0.115 2702 0.062 0.062

Standard

deviation

A R AL 4.13 3.93 221 1.89 6.58 13.12 10.64 8.82 383 392 2.85

Coefficient of

variation/%

T RIS R RS R B (p < 0.05). FIE

Note: Different letters in the same column indicated significant difference at p << 0.05 level. The same below.
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Table 2 Correlation analysis of morphological parameters of Torreya grandis ‘Merrillii’ seed wih altitude

X, X X X, X; Xs X; X X, X Xu
Y 0.142 -0.515% 0.622%* -0.111 -0.067 -0.632* -0.269 -0.066 0.624* 0.622%* 0.508
X 1 0.530* 0.442 -0.247 0.031 0.384 0.058 0.369 0.530%* 0.592%* 0.463
X> 1 0.109 0.083 0.420 0.866** 0.637" 0.714%** -0.258 -0.363 -0.031
X 1 0.075 0.307 0.137 0.326 0.527* 0.396 0.382 0.692%*
Xq 1 0.149 0.087 0.316 0.223 -0.584* -0.326 -0.565%*
X 1 0.365 0.893** 0.835%* 0-.482 -0.378 -0.101
X 1 0.648** 0.636* -0.352 -0.367 -0.001
X; 1 0.923%* -0.608* -0.539%* -0.119
Xs 1 -0.306 -0.267 0.096
Xy 1 0.816%* 0.779%**
Xio 1 0.519%*
X 1

VE FONTE 0.05 KA OC, #ONTE 0.01 /KGR ZE A G, PPl OX0) R B2 OO AP P K (X)) P B2 (XD 782 (X Fh i &
(X T 8 (XD AT B (X))~ A28 () R T AR A (X)) PR FR B (XD IR (V) . 3R 3.3 4 [,

Note: * indicates significant correlation at the p << 0.05 level; **indicates very significant correlation at the p << 0.01 level. X,=Aril-seed length,

Xo=Aril-seed diameter, X;=Seed length, X,;= Seed diameter, X;=seed coat thickness, X;= Aril-seed weight, X;= Seed weight, X;=Kernel weight, X,=

Kernel rate, X;,=Shape index of aril-seed,.X;,/=Shape index of seed, Y=Altitude. The same Table 3 and Table 4.
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Table 3 Partial correlation analysis between morphological
parameters of Torreya grandis ‘Merrillii’ seed
with altitude

X{i XV
W AH 9% Partial correlation -0.925% 0.924*
T {H Test value -8.435 8.341
P {H P value 0.000 0.000
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Table 4 Factor path analysis of the effect of altitude on

the morphological parameters of Torreya grandis

‘Merrillii’ seed

R R EL WERE [8] 422/ F Indirect effect
A7 .
Factor Correlation (CHEAERD s
actor coefficient Direct effect ¢ X # it Total
X; -0.632% -0.731 - 0.278 0.278
X; 0.622%* 0.723 -0.281 -0.281
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Table 5 Variations in nutritional ingredients of Torreya grandis ‘Merrillii’ seeds at different altitudes
. iy WORELIO wOLRILAD  wemey W Oy wCIE o wC FRRS wRE
7 wCH . ; . M FRED SO R IR
. Proteins/  Peroxide values/ Acid value/ . . Oleicacid . . . N . L
Altitudes/m Fats/% % ( ke (me- o) Palmitic ~ Stearic 1% Linoleic  Eicosadienoic Eicosatrienoic
° meqris MEE acid% acid% acid/%  acid/% acid/%
65 49.09+ 14.86+ 0.018+ 0.87+ 16.92+  9.63+ 10.92+ 40.90+  8.44+ 9.23+
222a 1.02a 0.001 e 0.08 be 0.09 a 0.48a 033c¢ 0.65b 0.37a 0.37¢
480 50.32+ 10.93+ 0.044+ 0.81+ 16.28+  8.55+ 11.59+ 4525+  6.25+ 7.88+
030a 0.05¢ 0.002 b 0.03d 0.65a 0.66ab 045c 093 a 021c 0.16d
520 4533+ 14.43+ 0.069+ 1.11+ 13.03+  7.23+ 13.04+ 38.03+ 741+ 17.09+
1.71b 0.51a 0.001 a 0.02a 0.57b 026d 0.31b 092 ¢ 0.20b 0.28 b
560 49.29+ 11.79+ 0.031=+ 0.92+ 13.29+  7.59+ 15.42+ 36.05+  7.87+ 16.18+
1.74 a 0.26 b 0.001 ¢ 0.15 ab 0.66 b 0.39bc 0.52a 0.72d 0.24 ab 0.19b
645 49.36+ 11.08+ 0.023+ 1.02+ 16.54+  8.92+ 13.22+ 28.55+  7.73+ 22.80+
0.56 a 1.02 ¢ 0.001d 0.16 ab 0.54a 099a 0.80b 048e 0.70 ab 1.03 a
FEIH 48.68 12.62 0.037 0.95 15.21 8.38 12.84 37.76 7.54 14.64
Average
P A 22 1.93 1.84 0.018 0.12 1.89 0.98 1.73 6.20 0.81 6.12

Standard deviation

5%, Horp 5 5 LRI R AE DG PR AR 22 AH 5 R A Sl
N=0.660 F10.666. H 15t B B 5 i Bk v 1) B T
HArrEA & & IR & RA MRS &2
A%, MR E SR, R =IRE B FE LM
Ko ULHABEE IR BT, HA TR A Ak =
FR & BB BN, MR 6 th ] LAE H i = B X &
NI H I 75 A S AN 58 (-0.062) o LA 4 B B
TR FE AR A 2 5 N T IR TR L Fe bR —
SE FRIRZ A, (H SRR B 4% 57 o g R0 B AR el I 5
TR/, AE S i 7 R A B M K, R R A
I 90 R — B A R 2 1 vy, L T R 1 =PI
223 BY@PESPHERZEETRE FEMN TR
BAEFR KBEREERNTRDDRENRE R,

PAIR] — 4K & B B A 38 3R e v B AR B (XD
SR A v RO B Mo 1 75 10 R RS W 14732 45 [
AT o BT WG S H ) IR FEFRE W R : F Y
BEIKE AN F<0.05, BEN A7 REN FREE K
SPAEN F=0.01, 51 R ENEJ7RE R 345 2 DLUF [E]
75 F2 : Y=403.542+22.246X,-194.993X,+68.841.X,+
37.001X.. Hrh X, Er - HHm=E1R, X €n 1
Tk IR, X Rn IR, X R s Ig iR . bk 77 # 5
L, FAE N 284.791, W3 K F /T 0.05. 2Tl
KEZE R=0.996. 25 RFRBMGIK & AR LE S 520
THEMEM T =R SR (X)), =T IR R (XG)
TR OG) A R R (X)) 5578 TR 7)o I AH 5K 73 A gk
— BN R B A (D 5 BB =
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Table 6 Correlation analysis of nutritional ingredients in Torreya grandis ‘Merrillii’ seed with altitude
X Xz X; Xi X Xs X X X X
Y -0.062 -0.660** 0.330 0.353 -0.418 -0.533* 0.666** -0.519* -0.402 0.682%*
X 1 -0.433 -0.607* -0.388 0.431 0.449 -0.105 0.077 -0.084 -0.256
X 1 0.191 0.242 -0.168 0.141 -0.267 0.212 0.581* -0.196
X 1 0.396 -0.641%* -0.685%* 0.080 0.284 -0.483 0.008
Xi 1 -0.494 -0.345 0.295 -0.487 0.169 0.602*
X 1 0.777** -0.679%* 0.085 -0.001 -0.287
Xs 1 -0.453 0.070 0.412 -0.250
X 1 -0.504 0.221 0.610%*
Xy 1 -0.400 -0.943%*
Xo 1 0.279
Xio 1

e ONAE 0.05 KRR, ONAE 0.01 AR ZE AR AR () EE B (XG) G EALE () R (XD FEHRR (X IR R (XD il

PR (X)) P R (X « AR IR (X)) R IR (XD o Rl

Note: * indicates significant correlation at the p << 0.05 level; **indicates very significant correlation at the p << 0.01 level. X,=Fats, X;=Proteins,

X:=Peroxide values, X,=Acid value, X;=Palmitic acid, X;=Stearic acid, X;=Oleic acid, X;=Linoleic acid, X,= eicosadienoic acid, X;/=eicosatrienoic ac-

id, Y=Altitudes. The same below.
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Bk = TR (Xao) ~ THIR OG) A IS B2 (X0 O & B L B 3%
1EAH ¢, H e AH 9% & 2 7 9 0,981, 0.971
0.819. 1t F7E 1R i [l P9 b vt 4 o P2 1A - o,
A7 1 B = M R 7o R R Ret I 2 5 =B 2 T
o MR EERNS = R R0) &2
S 35 GURH DG , 0B TE 12 00 S R P B VR T T
B BRI B R R SR TREGRE D,
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Table 7 Partial correlation analysis between nutritional

ingredients of Torreya grandis ‘Merrillii’ seed with altitude

X X, X X;
A 9% Partial correlation 0.981*  -0.988*  0.971%* 0.819%
T {8 Test value 15968 -20.117 12779  4.507
P {& P value 0.000  0.000 0.000 0.001

224 BA-FEBRSEK T FARAE T F HRIR
T ReGFh IR RN 45 RR gk s
ARG R T A NEFR 1 1 4 A8 TR IR 32
St o MRARIX VYA R & A K RECZ R C R, K
1% %8 FE MR 7 (XD 5 ¥ 45 FE A2 A (YD) B AH 9%
FAGH 43 N B A R A R HoAth R (G B TR 2 52
Wi 7 30 o BEAT I AR A0 M. FH R S AT Mg IR ON -
Tk — ) R 1) B T o K, LR AR I Oy — Bk =0
PR I R AL IS R o JE I Ay B IR R IR R ABUR I
R & AR B0 i IR IR R =R IR il
TR 1) B PR T L R e 4 F o ok 8 IS TR 1) (1] 432
TER KR TEEEM. BRI & 2 E
B AR R R S B = R RN R A & 1

Bt

*8 BHEEZMEFEMFIEFMERERNERSH

Table 8 Factor path analysis of effect of altitude on the nutritional ingredients of Torreya grandis ‘Merrillii’ seed

ESNR R 25 WAt R HCEBERD [F) % {F /1] Indirect effect

Factor Correlation coefficient Direct effect X, X, X, &1+ Total
Xuo 0.682%* 0.607 -0.214 6 0.336 1 -0.046 3 0.0752

X, -0.402 -0.769 0.169 4 0.1218 0.076 2 0.367 4

X; 0.666%* 0.551 0.370 3 -0.167 0 -0.083 8 0.1195

X -0.533* 0.185 -0.151 8 -0.316 8 -0.249 6 -0.718 2
225 HAEMFTERMERLTEXSEERY 00 NS . A SCE R F— X 5 DA

AL AR TR IR = B AR R A 5
Wi T A MR T AR R R L R SRR TR
AN R 55 4 /N8 TR VRIS 57 o 1 I8 Z A0 ]
A3 A A3 2 B3 7 78, H 2 oA 98 B8 R=0.996, &
AR X 4N E FROR B e AT A BN %
W3 1 FE AR BN ) R R RECH : R=0.992, 6 45 R i
HH 422 B 1 99.2% 52 4R e BE AR A () 50

3o i

Y TR SR AR ) 7 R BT ) R
AR5V 22 ST T T AN R RO AR L AT WA R SR s
ANV AR & 5 )52, 45 SRR BT, il AR R R
5 R W R AL RS A B A Bk AR B B A SR ) T e
Bl B FHEMZ DGR, W R
BUSNIAEIRANE F7 &t 57 IS T TR 2 I A (LT
FUMF AR 2R 068 7 MiE b 1 o R WIS 5 2 2345 25 1€
/N AL T A 4E B BRI TR B, A HER
B0 38R AN I 1) B8 D)5 LA e B e L W R 300~
600 m 2 H 55 3 B 1 i LA H IR U TSRO A

S L AR DORE, I b o IR ) 28 5 F 7
BLA [ IR AE AN 5 ¥ 44 15 P (A8 S A9 A — RE 2 57
AT A R T AR B BT B 1 R S S IR
WK . 52 )& il & AR E . ULWIIEIR
S B MR T30 PR o A LSS T R I
AR T 200 m Y3075 A HERE 2% 3L BL R L™
20 3 b A A 2% 3 AL B 1L b ™ B, BOSR B AL R AR AE
6 3219 H , W17 2 7 AT DR A A<, x o A 2R S
AR A — S S S T RE B I AR S A & 5T

Tt SN AR A FBE B8 FEE | BPORE B 1R E A R
IR, R AT B A AR MO A S 2R bR . AT
FC 5 SRR AR VE A S 0 5% 3% BT 4 65 m 7 Al
Fob 3y B B B OK (EL AT AR AR . 9K 65 m A At
541 FE ALK T e T 1A HE R T AT LA KON
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IR 2 3 IR G, U I A v R S T A A LA
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AR

F A= A N Ak T A RE R , B A AR R
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M AR TR I, A [F) R A N R S =T
48.68%, 45 5t A BN 3.97%, FRl & B E, HER
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R MRS RAEREESERR S S L
IR B R B TG IR SR =
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TR AR IR R SR R R B PR, A
FF A Z 0. WAt — 4R ik
(1) 785 A, 55 5 E ot~ P e — 5 T2 Yol T R A g 1R
(2 & 5535 TEAH G, Ul B 1 K Y L P o v 4K
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RE TS Soh, EAE RN R A
P 18 0 I AR R D6 R 53 5l 0,519, HAH G R
BERTZ T _ERE5BHRAREEXR
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