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Effect of foliar fertilization on seed quality of Torreya grandis ‘Merrillii’
during seed filling period
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Abstract: [Objective] This study aims to explore aspects of Torreya grandis ‘Merrillii”  seeds, including
appearance, nutritional quality, element content, flower bud differentiation, and expansion and fruit setting, so
as to provide a theoretical basis for supplementing tree nutrition and improving seed quality. [Method] During
the seed filling period of T. grandis ‘Merrillii” from June to August, the seeds were treated with water as a
control and sprayed with 7 commercial foliar fertilizers (amino acid water-soluble fertilizer, fulvic acid water-

soluble fertilizer, active potassium water-soluble fertilizer, high-strength calcium water-soluble fertilizer, liquid
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boron water-soluble fertilizer, trace element water-soluble fertilizer, and macro-element water-soluble
fertilizer). Physiological indicators of seeds in terms of seed morphology, oil content and fatty acid composition,
crude protein content, starch content, soluble sugar content, and flowering intensity were measured and their
effects on seed quality were analyzed. [Result] Spraying amino acid water-soluble fertilizer and macro-element
water-soluble fertilizer significantly increased (P<<0.05) the kernel shape index, single kernel mass, nucleation
rate, kernel type index, and single kernel mass of seeds, as well as oil content, soluble sugar content, and
flowering intensity, and significantly reduced starch content. Among them, the single kernel mass of seeds
treated with amino acid water-soluble fertilizer increased by 9.8% compared with the control, while the starch
content decreased by 1.9%. The single kernel mass, oil content, and soluble sugar content of seeds treated with
macro-element water-soluble fertilizer increased by 9.5%, 11.9%, and 15.9%, respectively, compared with the
control. At the same time, spraying amino acid water-soluble fertilizer significantly promoted (P<<0.05) the
content of taxoleic acid in seeds, which increased by 15.9% compared with the control, while spraying macro-
element water-soluble fertilizer significantly (P<<0.05) increased the content of unsaturated fatty acids in seeds
by 4.2% compared with the control. In addition, high-strength calcium water-soluble fertilizer had a significant
promoting effect (P<<0.05) on the increase of kernel yield, flowering intensity, and fruit setting rate, which
were 3.3%, 17.1%, and 10.9% higher than the control. The active potassium water-soluble fertilizer
significantly increased the protein content of seeds by 13.6% compared with the control. Principal component
analysis showed that the comprehensive quality score of seeds treated with amino acid water-soluble fertilizer
was the highest. [Conclusion] The amino acid water-soluble fertilizer treatment has the best effect, followed by
high-strength calcium water-soluble fertilizer and macro-element water-soluble fertilizer. [Ch, 3 fig. 5 tab. 29
ref.]
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Table | Comparison of morphological indexes under different foliar fertilizer treatments of seeds in T. grandis ‘Merrillii’
it Yz 1 B /g % oI5 AP /g =%
ck 1.844+0.071 b 1.833+0.257 b 20.027+0.647 ab 2.228+0.086 ab 1.209+0.071 b 66.009+0.345 ¢
A 2.001+0.093 a 2.013+0.207 a 21.720+0.944 a 2.233+0.144 a 1.357+0.099 a 67.742+0.651 b
F 1.979+0.042 a 1.993+0.105 a 18.923+0.211 be 2.225+0.053 ab 1.333+0.056 a 66.864+0.993 bc
K 1.927+0.040 ab 1.904+0.107 ab 19.386+0.828 be 2.179+0.056 ab 1.296+0.074 ab 67.184+0.804 b
B 1.961+0.105 ab 1.952+0.277 ab 18.059+0.724 ¢ 2.192+0.125 ab 1.291+0.198 ab 66.947+0.947 be
CA 1.962+0.072 ab 1.939+0.083 ab 19.520+0.864 b 2.231+0.088 a 1.321+0.057 ab 68.197+0.218 a
W 1.936+0.083 ab 1.906+0.152 ab 21.403+0.455 a 2.070+0.093 b 1.276+0.104 ab 66.981+0.645 be
D 1.944+0.035 ab 1.970+0.065 ab 19.952+0.614 b 2.190+0.038 ab 1.324+0.047 a 67.230+0.932 b

YL Bl bR . R — AN )/ NG R R AN ) Ak BR8] 22 5 i 35 (P <<0.05).

D. b3 A AZEFE K AR S AR BT 40 805 i R 53.202% . 53.003% F1 52.151%,  HLXT HR 43503
T 123%. 11.9% F110.1%; AbFE K A AR SE 0 85 11 5T o 2 70 50k 24.937%, FEXTHREG I T 13.6%, [A)
If 4 BB A AL BEOA Y A Fh SE AR B BT a2 A0 il Ol 23.615% F1 23.362%, BN IR ] B
(P<0.05) 34 h1T 7.6% il 6.4%; AbEE A Kb HE K ORI A 8] (0 B HERD SCTE Ry R S e B 525 5%, (Hig
F(P<0.05) KT HAMAC TR, BALHZATE A, 5 5467%, (KT3I 1.9%; AbFE A FILEFE D %F FAERD
L R O A B (P<<0.05) SR HEFEFT L 4r I 4.257% 1 4.530%, 5% BE A EL 43
8.9% 1 15.9%.
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Figure 1 Multiple comparison of seed quality of 7. grandis ‘Merrillii’ with different foliar fertilizer treatments
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Table 2 Composition and contents and fatty acid under different foliar fertilizer treatments of seeds in 7. grandis ‘Merrillii’
FAX /%
SOsEH
FHRER T IERR MR IR T JFRIR
ck 8.985+0.106 g 3.528+0.107 ¢ 38.17243.327 a 39.51242.915d 0.279+0.008 d
A 8.451+0.115 ¢ 2.927+0.127d 35.254+2.426 ¢ 42.364+2.700 b 0.29140.013 cd
F 7.965+0.222 d 2.297+0.019 ab 36.658+2.457 be 42.412+2.858 b 0.287+0.009 d
K 8.627+0.323 3.147+0.237d 37.246+2.431b 40.570+3.552 ¢ 0.330+0.016 a
B 6.822+0.413 b 2.505+0.214 be 36.848+1.673 be 42.973+2.907 b 0.301+0.014 be
CA 7.045+£0.375 ¢ 2.622+0.327 ¢ 36.910+1.781 be 42.606+3.682 b 0.301+0.017 be
4 6.897+0.408 b 2.397+0.112 be 35.862+1.535 de 43.950+3.648 a 0.303+0.022 be
D 6.706+0.636 a 2.158+0.313 a 36.479+2.298 cd 43.974+3.358 a 0.307+0.025 b
FAXT 22/ %
b3 -

M — IR TEHE " IRTR BN Gk AMEFIHEITER
ck 0.452+0.021 b 1.480+0.130 b 7.591+0.868 ¢ 12.513+2.303 g 87.487+5.826 ¢
A 0.472+0.057 b 1.446+0.110 b 8.797+0.334 a 11.37742.341 ¢ 88.623+6.141 ¢
F 0.476+0.043 b 1.462+0.115b 8.442+0.503 be 10.262+2.309 d 89.738+7.509 d
K 0.543+0.045 a 1.478+0.186 b 8.060+1.046 d 11.77442.558 f 88.226+6.007 f
B 0.496+0.044 ab 1.543+0.093 b 8.513+1.034 be 9.327+1.628 b 90.673£7.933 b

CA 0.453+0.062 b 1.721+0.080 a 8.342+0.987 ¢ 9.666+1.703 ¢ 90.334+8.103 ¢
4 0.444+0.012 b 1.528+0.096 b 8.619+0.923 ab 9.294+1.522 b 90.706+7.841 b
D 0.457+0.030 b 1.592+0.142 ab 8.328+0.720 ¢ 8.864+0.950 a 91.136+8.058 a

AL Bl I bR o IR )NS5 B2 AN [ A 1 ] 22 57 8 35 (P<0.05).

o RE T | 6 i R o P AP X A o) R e v o R T R g 1 A X AR AL B B ORI AR B W [R]E
WEES, HEiSH AR 25 B3 (P<<0.05), 4bFE D MIXTS R K MR &R FL AL
B, AbBE CA ZbFEEIC B 2R, HEN1S HAbAFE A 22 5 5% (P<<0.05), AbRR A AHXFSERAL; I
TMERARXT S AR W, b3 D [RJC 225, (HE 3 (P<0.05) & FIHAANEE ;P RRER F1 LA — I
AR Er e AE AL 3 K i 28 (P<<0.05) iy TALA AL 3, A AR 2 (0] JC 25 22 5% 5 Ab3E A A9 RRR A T 75
I (P<<0.05) fm THAANRE, FHAANPEZ [ JC W35 22 5 S ANERARRT S R R0 A, SRR
SR HRARTE M AR D R AR X B AR, AST IR I R AR X 5 i B o AR 38 D AN I 15 1 A %
SREYE, AFE D, AFE W, AP B, AbFE CA PR T HABAL R, AT NEIR M AR
223 RET @A FAEA A E R TSN Hoh FEM P SEEENERICE, NE3 AT
B FUCRBERECN 51.050~54.645 g-kg !, BEIURIEAMECR 4.595~5.188 g-kg !, BRIGE T Ak
1 45.718~68.594 mg-kg'o A, HE. BRITE RSB BIEINAAIE A BEMERI ", LR RS BIRm T
6.9%. 11.6%. 5.8%. 4iJC % JF &%k 17.874~22.911 mg-kg ™', 4k ot Z Jii & /3 50 M 27.497~35.295
mg kg™, . TR BRSO AL F AR, LU ERAR BIRE N T 3.9% . 28.3%. WEoTER i
IHBCH 6.139~6.728 g+ kg™, F5ICE /%L 0.706~0.879 g- kg™, RIS T B A0 B0 5 A X AL 3 CA 1)
TR, FEXTRR BN T 9.6% 1 14.0%.

224 KRR rH@Eies Bt A AEAE E H R REGHn ME 2N LA, AP F, ZbFECA. &b
D X FAEZE B R T A —EE ], H2ER 5% (P<0.05), HrPAHE A A9 AETR B (47.415%) FAb
L CA M RAE TR (47.058%) i3 (P<<0.05) /& THAMANFR, BXTHE 54 m T 18.0% F 17.1%; IRZHN
Ab BE D Y R AL G T (44.805%+3.549%) F1 Ak B F ) B AL 5R JE (44.258%+1.375%), X R 43 i 42
11.5% F110.1%; b3 W 5 BAE TR BE (37.680%+2.332%) fie ik, FEXFHEN /D 6.2%.

225 KRt @ERA AT AR ES 2 SR ERLREG Y NEI3FLIAEH: S H 13—19 HEHE
FIAZ AR RORE D S h B a3, 5 H 19—23 HACEE B R RGZEARSE EF;, i Ho Al b B0 FF 46
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Table 3 The element contents of kernel under different foliar fertilizer treatments in 7. grandis ‘Merrillii’

b3 H(g kg h Wi(g kg M g kg /(g kg " Bl(g kg Hl/(mg-kg ™)
ck 51.108+3.197 d 6.139+0.084 f 12.118+0.523 bed 0.771+0.083 cd 4.649+0.123 be 22.055+2.148 b
A 54.645+2.105 a 6.463+0.370 ¢ 11.704+1.638 cd 0.849+0.089 ab 5.188+0.319 a 19.630+1.800 ¢
F 52.135+£2.729 ¢ 6.393+0.251d 12.078+1.442 cd 0.706+0.096 ¢ 4.886+0.324 abc 22.911+0.469 a
53.531£1.831b 6.437+0.281 ¢ 11.631£1.354 d 0.799+0.032 cd 4.937+0.528 ab 19.363+1.644 ¢
B 52.328+2.384 ¢ 6.454+0.121 ¢ 13.006+0.295 a 0.755+0.107 d 4.595+0.381 ¢ 22.114+1.521b
CA 53.362+1.259b 6.728+0.287 a 12.677+0.556 ab 0.879+0.074 a 5.047+0.276 a 18.645+1.501 d
W 51.050+0.650 d 6.231+0.269 ¢ 12.215£1.537 be 0.814+0.053 be 4.662+0.327 be 17.874+£2.282 ¢
D 52.044+3.550 ¢ 6.647+0.225 b 12.102+0.511 bed 0.846+0.092 ab 5.037+0.255 a 22.053+2.801 b
AbEg H/(mg-kg™) #/(mg-kg™") i/(mg-kg ™" KEILE/(g kg ™) TR (mg-kg ")
ck 66.105+£5.100 ¢ 64.822+6.952 a 27.502+4.345 f 74.894+4.101 d 181.484+9.545 a
A 68.349+6.403 b 68.594+6.443 a 30.355+5.294 cd 78.854+4.521 a 186.803+11.940 a
F 66.848+6.474 d 57.447+2.518 be 35.295+5.500 a 76.198+4.941 ¢ 182.501+£8.961 b
69.018+2.521 ab 48.187+4.199 de 32.720+1.890 b 77.328+4.126 b 169.288+9.254d
B 63.794+5.787 61.254+6.337 b 30.903+4.788 ¢ 77.138+£3.287 b 178.065+£10.432 ¢
CA 67.500+4.953 ¢ 45.718+1.005 ¢ 30.140+£2.407 d 78.586+2.460 a 162.003+8.865 f
W 66.510+£5.612 de 52.337+6.876 cd 27.497+1.880 74.973+£2.936 d 164.218+9.650 f
D 70.271£5.607 a 58.194+2.229 be 29.113+£3.293 ¢ 76.675+4.634 ¢ 179.412+7.930 ¢
BB Bl EbREZE . [ — SBR[ NG TR RN AN R Ab B R] 25 5 .25 (P<<0.05)
WE: 5 23 HZ 6 H 13 H X RURIAL B K % K% 0, a ab
e TR TR . T HCAL AL TR 5 TR L A2 7 A e FIEE S o
| BEA TR, HA b cA i F kst < B3
fi b B 4y 2% 2307
XA MR 92 7 71 A A AT 2 T OB BT St
L. ARER A AR (15.625%) B (P<0.05) 5T 0 |
HoAth b B, FbXT BE MG N T 23.4%, Lk R Ab B o
CA(14.037%) 4L 3 B (13.507%), o XF BB 23 Bi 4R ck A F K B CA W D
T 10.9% F1 6.7%; AR 2 Ab 3 F(4.831%), KF I

ANF)ING B 7 A T S A () T S Ak 242 )
%3 (P<0.05).
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Figure 2 Flowering intensity of 7. grandis ‘ Merrillii” seeds in the

X HE 61.8%
23 EEMILRFENNEERS

HH % 4 BIAT: 15 TAEARZE 32 B0 40 M e H
SAFERSY, FREEX KT 1.000, Rif7ZmmiR
4 91.701%, UEEARET 5 A E R & A A 15 BiFEFR 91.701% B15 8 o AR 35 505353 A 45 S0 52 e 75 A
RS A T A R HATLR G VN, FIARH LG8 (F): F=0.3892F,+0.2184F,+0.141 0F5+0.102 5
Fy0.0660Fs, Zify Bl FEME, 56 MBRMELF, MR ST A3 A MLEAIT0im, Uil
M it 2 R T P A 0 AR SE A S BT . A, AR FR CAL AbFE D Y AR AR S & BT 52 B
M), 5 I A AL AR A R e 2% ALt ] A A e A A o S A I

3 it
I RTREAEAE BARA N P AR, T B 9 OO S 02 35 R AR, AT
SRR FTRCR , FLO RGN A A AW 22 500, RE2 45 Xt 5 Malus pumila K955

S B WS TR A BE S 2 0 S SRR S ATV R R W AN R M SO R AN e o B, AR T A 1R
BRCRIAE WEFE B TS LU BERE AN RERE O U Tk Prunus persica RS, MR IZATEE FE

next year



55 41 &5 3 TOBLEAE . AR S 70 S 400 et T U % e S 5t B ) S i 463
40r5H 13 H a 5054 19H 505423 H
ol Fod 4| 2 s| @b be
§§'20 _ F §§ 30t 8 R §§ 30 d
g H gm- gm ﬂe
107 10} 10 ﬂ
0 0 0
¢k A F K B CAW ¢k AF K BCAWD ckAFKBCWD
JOSL pGSE A
40 -5 H31H 20,6 413 H 20 7ﬂ1EI
& 9| b Cababa £ £ 1500
NG c N >
%m. ﬂd H %m.d %w
= 10} ﬂ = s < s <
0 0 0 I*I
¢k A F K B CA D wAFKB%W ¢k A F B CAW D
yosil Kb FIE
ANTF /NG B R A AN S AN R T AR A R ) 22 5 S8 (P<<0.05).
B3 REvHE e A T A AR S K A A R F
Figure 3 Expansion and fruit-setting rates under different foliar fertilizer treatments of seeds in 7. grandis ‘Merrillii’
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Table 4 Load matrix of principal component factor
- F G B F Gy
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Table 5 Comprehensive evaluation of 7. grandis ‘Merrillii’ seeds after spraying foliar fertilizer
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