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Comprehensive evaluation and analysis of kernel quality of Torreya gran-

dis ‘Merrillii’ from different soil types

CAO Yongging, REN Huadong, WANG Kailiang, YAO Xiaohua’
(Research Institute of Subtropical Forestry, Chinese Academy of Forestry, Hangzhou 311400, Zhejiang, China)

Abstract: [Objectivel Torreya grandis is a large, evergreen and economic plant belonging to Taxaceae
family and Torreya genus. As the representative and commonly cultivated 7 grandis variety in China,
Merrillii is well known for its edibility and its seed is one of the world’s rare dry fruits with distinctive
texture, charming flavor and physiological function. Previous studies suggest that the nut quality is obvi-
ously influenced by nutrition management and ecological condition. With the increasing of the planta-
tion area of 7. grandis, many trees have been planted in variable types of soil, while the effect of soil
types on nuts quality is still unclear. To provide a reference for high quality 7. grandis cultivation, The
kernel quality traits of Merrillii from different soil types were evaluated and the correlations between
soil nutrients and kernel quality traits were analyzed in this study.lMethods]The 15-20 years old Merril-
lii plantations with five soil types including volcanic ash soil, granite weathered soil, sandy soil, yellow
loam and calcareous soil in Zhejiang province were selected to analyze soil nutrients and kernel quality
traits. The pH value, organic matter, hydrolytic nitrogen, available phosphorus, available potassium, cal-

cium, magnesium, manganese, ferrum and zinc contents in different soil types, and the contents of oil,
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protein, hydrolytic amino acids, starch, soluble sugars, potassium, calcium, magnesium, manganese, fer-
rum, zinc and vitamin E in fully ripe kernel were determined by standard chemical processes. The pro-
cessing sensory quality of kernel including biting sense, fragrance, sweet taste and texture were mea-
sured using expert marking method. The relations between soil nutrients and kernel quality traits were
analyzed by Pearson correlation analysis. The processing sensory flavor and kernel quality traits were
evaluated based on grey relation analysis. [Results]The nutrient contents in different types of soil var-
ied greatly and the coefficient of variation of pH value, organic matter and mineral elements content
was in the range of 19.02%-177.20%. A significant positive correlation was found between soil pH val-
ue and the content of calcium, magnesium and zinc. There was also a significant positive correlation be-
tween the content of organic matter and hydrolytic nitrogen. And the content of zinc was significantly
related with magnesium and manganese in the soil as well. The average contents of oil, protein and hy-
drolytic amino acids in kernel of Merrillii from different types of soil were 59.56%, 12.20 g- 100 g and
11.96 g- 100 g, respectively, and their coefficient of variation was between 3.42% and 4.85%. The aver-
age contents of starch, soluble sugars and vitamin E were 4.97 g-100 g, 3.36 g- 100 g" and 1.26 g-kg",
respectively, with a coefficient of variation of 13.91%, 13.38% and 11.94%, respectively. The kernel
was also rich in mineral elements and vitamin E. The average contents of potassium, magnesium and
calcium reached 5.47, 2.37 and 0.55 g - kg', respectively. The average contents of microelements e.g.
manganese, ferrum and zinc were 16.92, 45.02 and 18.54 mg - kg, respectively. The average coefficient
of variation of mineral elements was 18.27%. Unlike those of the oil, protein and hydrolytic amino ac-
ids, the coefficients of variation of starch, soluble sugar, mineral elements and vitamin E were higher
and ranged from 7.11% to 38.09%. The correlation coefficient between soil organic matter content and
starch, soluble sugar content in kernel was 0.902 and 0.893 (p<<0.05), respectively. And the correlation
coefficient between soil hydrolytic nitrogen content and starch in kernel was 0.965 (»<<0.01). The min-
eral elements in the soil were also significantly correlated with those the in kernel. For instance, a signif-
icant positive correlation was found between the calcium content in kernel and the content of available
phosphorus, manganese, ferrum and zinc in the soil, and between the magnesium content in kernel and
the content of available potassium, magnesium and zinc in the soil as well. The results of grey relation
analysis showed that the flavor traits, inner nutritional traits and processing sensory flavor of nuts from
sandy soil ranked first, second and first, respectively. And the nuts from granite weathered soil showed
the best inner nutritional quality, but the flavor quality was poor relatively. The correlation coefficient
of flavor traits and processing sensory flavor reached 0.958 (p<<0.01), while no significant correlation
was found between inner nutritional traits and processing sensory flavor as well as between flavor traits
and inner nutritional traits of the kernel. [Conclusion] The soil nutrients and kernel quality traits of
Merrillii from different types of soil varied greatly. Compared with the contents of starch, soluble sug-
ars, mineral elements and vitamin E, the contents of oil, protein and hydrolytic amino acids in kernel
were relatively stable under different soil conditions. The starch, soluble sugar, and mineral element
content in the kernel had a significant correlation with organic matter and mineral elements content in
soil. Overall, the kernel from the sandy soil showed the best comprehensive quality in terms of flavor
and inner nutritional traits. And the kernel quality traits including oil, protein, hydrolytic amino acids,
starch, and soluble sugars could be used as quantitative indicators to evaluate the nut processing sensory
quality based on grey relation analysis.

Key words: Torreya grandis ‘Merrillii”; Soil type; Quality traits; Processing sensory flavor; Grey rela-

tion analysis
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Table 1 Soil types in the 7. grandis plantations
i3 74 R ] ZtiE

T iy
j:%ﬁﬂ‘ st . Altitude/ Mean annual
Soil type Location s
m precipitation/mm

Kl K+ LI T 450 1373.6
Volcanic ash soil Zhuji,Shaoxing
TERE UL+ eI 500 15272
Granite weathered soil Dongyang, Jinhua
wt i 500 1373.6
Sandy soil Zhuji,Shaoxing
et UM B X 100 1760.1
Yellow loam Fuyang District,

Hangzhou
AHE T UM I 22 [X 450 1628.6
Calcareous soil Lin’an District,

Hangzhou
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Table 2 Nutrients status of different types of soil

wCE B wOKRETERD wOERm  wOGR D

253 7 S
N, Organic Hydrolytic Available  Available W(%) w80 . W) Wl W.(ﬂ)
s Syt . . Calcium Magnesium Manganese Ferrum Zinc
. pH  matter nitrogen phosphorus  potassium
Soil type content/ content/ content/ content/ content/
content/ content/ content/ content/ ke ke ke ke ke
(@kg)  (mg-ke") (mg-ke")  (mg-ke") (g-kg") (g-kg") (g-kg") (g-kg") (mg-kg’)
K i 1 Volcanic ash soil ~ 6.29 26.30 136.00 553.00 190.00 10.60 16.00 1.64 85.20 183.00
T A 5.05 34.20 135.00 13.50 47.20 0.13 1.40 0.50 22.00 71.00
Granite weathered soil
Tib 1= Sandy soil 5.44 15.40 66.70 3.85 144.00 0.01 1.66 0.44 28.70 75.00
# 1 Yellow loam 4.93 3230 253.00 398.00 289.00 0.33 0.74 0.20 35.20 70.00
H KA+ Calcareous soil 7.62 49.80 310.00 200.00 404.00 50.50  27.50 0.91 33.80 178.00
“FIJ{H Mean 5.87 31.60 180.14 233.67 214.84 12.31 9.46 0.74 40.98 115.40
A7 ZHCVI% 19.02 39.68 54.83 102.93 63.74 17720 126.19 76.59 61.63 5155
1.0 - o KK Voleanic ash soil
+ 15 1 Yellow loam
05 - 14 7KA -+ Calcareous soil #
(o]
£
£ fib £ Sandy soil
g 165 At 1= Granite weathered soil o
S 0.0
(o]
K
=
-05 ~
-1.0 r
1 1 1 1
-1.0 -0.5 0.0 0.5 1.0
%43 1 Component 1
1 FRILRERER S T

Fig.1 Principal component analysis of different soil types
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Table 3 Correlation analysis between nutrients indicators of different soil types

RS
fis, LEpHESH IR T REEMREFE LMK < SEESHTRTE MY

EEZFIEMRX(G <0.05;
mEHELRSE.
BES5ETTRTES IR

AR KRR A T

FE 5 Index pH Organic Hydrolytic Available Available %alcium ﬁagnesium I!ij/rlﬁanganese ]ffzrrum !;i&nc
matter nitrogen phosphorus  potassium
pH 1.000  0.604  0.513 0.186 0.685 0.951%  0.985%* 0.596 0.286  0.883*
47 L% Organic matter 1.000 0.882% 0.080 0.631 0.789 0.656 0.073 -0.173  0.432
JKfF 4 % Hydrolytic nitrogen 1.000 0.311 0.862 0.708 0.566 -0.058 -0.106  0.358
1 % Available phosphorus 1.000 0.388 0.081 0.315 0.578 0.840  0.543
JHH Available potassium 1.000 0.777 0.689 0.099 0.084 0.525
5 Calcium 1.000 0.937* 0.363 0.046  0.743
B Magnesium 1.000 0.662 0.380 0.930*
i Manganese 1.000 0.875 0.882*
£k Ferrum 1.000  0.689
B Zinc 1.000
RN R E MG, TR E MG .
Note: * indicates significant correlation, ** indicates extremely significant correlation. The same below.
BEIEMHK(p <0.05), o Yo B B A M S il R bR, A KCE

22 AELJERBBBENFERCREERER ﬁiﬂﬁ’]*ﬁiﬁﬁ_ﬁéﬁ‘?%ﬂ%ﬁ K
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Table 4 Kernel quality traits of 7. grandis from different soil types

PIT &

RS,
=]

BT

R AL

13 Soil type

PR KKE ERERICEBL | RRL  RREL Fligg oot
Quality traits Volcanic ~ Granite Sandy Yellow Calcareous Mean CVI% of difference
ash soil weathered soil soil loam soil
AL =0 Y et S 60.60£1.28 56.70+1.07  60.70£0.98 61.60+1.01 58.20+1.35 59.56 3.42 *
Flavor Qil content in kernel/%
indicators (2 1 % )Protein content/(g- 100 g')  11.4040.65 12.4040.83  12.00£0.75 12.0040.80 13.20£0.66 12.20 5.44 *
wOK R IE D 11.2940.12 12.08+0.68  11.89+1.01 11.70+0.96 12.86+0.38 11.96 4.85 *
Hydrolyzed amino acid content/(g-100 g")
w(IEH)) Starch content/(g- 100 g") 4.64£0.98 4.94+0.79  4.02+0.66 5.54+0.47 5.73+0.36 4.97 1391 *
wCRI LR 3.07+£0.26  3.75+0.82 2.73+0.24  3.48+0.15 3.76+0.18 3.36 13.38 *
Soluble sugar content/(g- 100 g")
WAEEFE  w()Potassium content/(g-kg") 5.5240.33  6.50+0.54 5.77+0.52  4.40+£0.65 5.17£0.23 547 14.12 *
ffj:r w(45) Calcium content/(g- kg™ 0.75£0.05  0.44+0.03 0.42+0.04 0.51£0.03 0.61£0.02 0.55 24.93 **
nutritional w(#£) Magnesium content/(g- kg™") 2.51+£0.06  2.14+0.08 2.30+0.25 2.35+0.18 2.56+0.23 237 7.11 *
traits w(%fi) Manganese content/(mg-kg™") 8.99+0.89 23.90+1.19  21.40+0.84 18.90+1.02 11.40+1.73 16.92 38.09 **
w(8k) Ferrum content/(mg-kg") 37.80+3.20 46.80+2.56  48.40+3.83 42.20+3.22 49.90+4.74 45.02 11.02 *
w5 Zinc content/(mg-kg") 15.10£0.92 17.50£1.03  19.60+1.67 22.30+2.12 18.20+2.88 18.54 1434 **
w(4E2EF E) Vitamin E content/(g-kg")  1.13+£0.06  1.49+0.09 1.26+0.11  1.12£0.08 1.29£0.07 1.26 11.94 *
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T 547.2.37.0.55 g kg B VBR B LR TP E
FIXF AR, 43 5N 16.92.45.02.18.54 mg - kg'. AN[A
R L HORE B R S EE TR,
Wnge B A AL B A NER T R S BB E T
6.50 g-kg', R L1 1.48 15 B HAS B R S B
B, 2 3 Kl IR 1) 58.67% 1 85.26% . L 4h,
ENGL NI w3 O SN 2N
ROEMNTRRBE S B RS EN TR R
B, &0 TR & BT RECFIE 18.27%.
TEEPE LAY 77 TH AN [ S - 338 R 855 (1) 5 M= 4
AREMTFHEENI26g kg, BREAKN

11.94% , oA 6 5 5 AL 1 (B R A= 4E2E R E &
TR
23 TIEFSBESMICARMIRIEARAAE LM
S

TR RFAE SR AR S R A TR TR bR A 5%
PEUNZR 5 FTon o BRI & i 2 AV R KRR
BERAYEERE SRS TS IR R bR L R E M
KA vk AR S B S TIEAYUR SRR
3 TEAHOG, AHOR R 53 )0 0.902 F110.893 M= 1E
B ik 5 KA S R R IEA DG, A G
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Table S Correlation analysis between soil nutritional traits and kernel quality traits

13 Soil
FE R Index FAHUR KRR A7 0k T i o - % s
pH Organic Hydrolytic Available  Available . o . o .
. . Calcium Magnesium Manganese Ferrum Zinc
matter  nitrogen  phosphorus potassium
D I LY = P2 -0.221 -0.536 -0.092 0.552 0.239 -0.323  -0.220 -0.009 0410 -0.055
Kernel Oil content in kernel
2 117 Protein 0.515  0.783  0.627 -0.502 0.481 0.725  0.458 -0.290 -0.638  0.106
IK AR K 0.568  0.728  0.567 -0.533 0.480 0.751  0.495 -0.245 -0.614  0.147
hydrolyzed amino acid
JEA Starch 0.353  0.902%* 0.965%*  0.282 0.703 0.576  0.431 -0.121 -0.159  0.238
AL PERE 0.208  0.893*% 0.717 0.063 0.289 0.442 0282 -0.164 -0.354  0.076
Soluble sugar
M Potassium -0.137 -0223 -0.654  —0.599 -0.783 0222 -0.173 0.135 -0.162 —0.134
415 Calcium 0.613 0267  0.293 0.835%* 0.417 0452  0.714 0.900% 0.897*  0.902*
£ Magnesium 0.835* 0.383  0.530 0.627 0.806* 0.741  0.859% 0.642 0.596  0.879%
£# Manganese -0.782 -0.345 -0.411 -0.740 -0.620  -0.642 -0.845* -0.834*  —0.783 —0.954%*
£k Ferrum 0.237 0301  0.144  -0.859* 0.131 0.391  0.104 -0.499 -0.824* —0.229
% Zinc -0.436  —0.039  0.293 -0.189 0274  -0226 —0.483 -0.874*  -0.613 —0.666
4E/£ % E Vitamin E -0.088 0230 -0.184  —0.804 -0.486 0.019 —0.131 -0.271 -0.627 —0.301
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Table 6 Grey relation analysis of flavor and inner >
nutritional quality of 7. grandis kernel Ei
q . Yy g B ; 09 r
from different soil types ?En 5
=
= WALE TR AR % 2 -
Rfg N - o o
A *}H.*/T . Inner nutritional H ¥
Flavor indicators P =z 08 | .
o indicators = 3
g — P S
Soil type SRR EE ERURERRE 2
Equal weight #HE/¥  Equal weight #/F =
correlation Rank  correlation Rank
degree degree 0.7 ; ; ; !
0.5 0.6 0.7 0.8 0.9
PlIp & 0.6152 3 0.652 3 5 . o
Volcanic ash soil R FEFR Flavor indicators
16 R AR 05747 5 0.7873 1 09 ¢
Granite weathered soil R?=0.003 3
] 0.8393 1 0.707 8 2 2 o8 | p=05139
: — . °
Sandy soil - %
=t 0.601 2 4 0.657 3 4 0g =3
Yellow loam Eﬁ s 07t . J
i E
Ve E=u 0.683 2 2 0.704 5 3 ® £ oo
Calcareous soil r =
g 06 ¢
F7 FENILEERRENKREXEED
Table 7 Grey relation analysis of processing sensory 0.5 . . . )
quality of T. grandis 0.5 0.6 0.7 08 09
NyEp— - R AEFx Flavor indicators
J&E Th 7 Sensory quality o 09 r
B LK
gk wek wvk gk PR Weighted R=0.1122
Soil type Biting Fra- Sweet Hﬁ_ﬁf@f correlation Rank = 0.8
sense grance taste Fine degree 5 o[ p=00136,
texture jicg=s
KK+ 27.85 15.53 1420 18.50  0.8425 4 ;[K% E .
Volcanic ash soil im :g 0.7 r \"\
o B
ERERME 2716 1500 1421 17.68 07992 5 ¥ 3 .
Granite ® 5
weathered soil g 0.6
b+ 28.83 1594 14.56 20.00  0.9217 1
Sandy soil 05 ) ) )
Hijgt 28.00 15.00 15.00 18.00  0.8438 3 0.7 0.8 0.9 1.0
Yellow loam 0 LB 5 BT Processing sensory quality
VEp /S 27.58 1497 15.82 1879  0.8629 2

Calcareous soil
T BCE KUK bR AL RO B 035 F Bk 0.204 #lEBR
0.20 A B 4HARFEFE 0.25,

Note: The weight coefficients of sensory indicators were as follows:

biting sense 0.35, Fragrance 0.20, Sweet taste 0.20, Fine texture 0.25.

0.957 5(p < 0.01), WAEE T4 bR AUIN TR B i o
A7 E A R R R LM KRR EN-03350(0p <
0.05) , 1 Fft 4= XU 38 b5 Al N 7675 7% 38 b8 (HH 96 R
#-0.057) 6 L F A (& 2) 6

3 W 1w
AT 7T 25 TR, WL B HERR 1S 37 3 - 1 2k
M H IR RIE 2 5 R, ANF) 2R 13 pH AH .

B2 FEMCRIRIESR REETFRIER
MM TRERRNXER
Fig. 2 Relations among kernel flavor indicators, inner
nutritional indicators and processing sensory quality

of T. grandis

AU B GRS 2L R R HAE 19.02%~
177.20% 2 1] , 387K P 20 A7 200 R S 00 5 1
e 30 2 1 AR i) o IR T b, % 4 Fr s A
B R 140 mg - kg, 1 5 A A AE AR M - 38
RO B A 25 AL, A, 3T AR
AEFE b [0 I AE DGR 23 BT P DU Y, R pHAE 545
BE B TR DU HUR A I R B R I
FHK(p < 0.05) , 32 B 398 IR Bl 5 A2 5 T 485 L 86
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