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Abstract Larix mastersiana is an important tree species that maintains subalpine forest ecosystem function
and landscape degree; however, the proportions of seed germination and seedling storage are extremely
low in ecological restoration because of the characteristics of seed dormancy and the lack of provenance
in natural habitats. To develop fast-breeding technology for L. mastersiana, this study used its seeds in the
natural distribution area of three altitude gradients (2 870, 3 250, and 3 760 m) as the material. The seeds
were soaked and the seedlings were sprayed with 10% microfertilizer solution, 200 mg/L GA; solution, 0.6 mg/
L S-ABA solution, a mixture of 10% microfertilizer solution and 0.6 mg/L S-ABA solution, and a mixture of
10% microfertilizer solution and 200 mg/L GA; solution. The effects of different solutions on seed germination
and seedling growth of L. mastersiana were compared; the correlations between seed germination, seedling
growth index, seed size, and nutrient content were analyzed; and the most suitable technology and methods for
seed germination and seedling growth were investigated. The results showed that 10% microfertilizer solution
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promoted the rapid germination of seeds and improved the proportion of germination, germination index, and
vigor index of L. mastersiana at three altitudes. The other four solutions all significantly promoted the increase
of the root diameter and seedling dry weight of L. mastersiana at three altitudes. The effects of 200 mg/L GA,
solution on the root and twig diameter were significant, and 0.6 mg/L S-ABA solution significantly improved
the content of leaf soluble sugar and starch of the seedling. The germination proportion, vigor index, seedling
twig length, and dry weight were significant positively correlated with 1 000-grain weight. The vigor index was
significantly positively correlated with seed total nitrogen content, and the seedling root length, twig length,
and dry weight were significantly positively correlated with seed total carbon and total nitrogen content. The
low concentration of 0.6 mg/L S-ABA solution had the best effect on the germination and growth of seeds with
large 1 000-grain weight that were rich in nutrients at a 3 250 m altitude. The results indicated that the effects of
10% microfertilizer solution were reflected in the seed germination stage, whereas the effects of the other four
solutions were reflected in the seedling growth stage. In addition, seed germination was closely related to the
1 000-grain weight and nutrient content of the seeds. In future studies, large seeds with full morphology could
be administered different solutions in stages to promote seed germination and seedling growth to address the
challenges of low rainfall and a lack of provenance. The limited seeds could be used to improve the germination
proportion and survival rate, assist the natural regeneration of its population, and provide rapid breeding

technology to restore the constituents of damaged ecosystems in engineering construction.
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Table 1 The seed collection site and seed traits of Larix mastersiana
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Slope Tree height 1000-Grain weight Seed wing weight

(a/°)
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R
Altitude

(wig kg™
1168 +0.106 a

(wig kg™

0.942 +0.016 a

(wig kg™

0.002+0.000a 49.798 +0.251 a

0.002 +0.000 a

W)
Aspect

(//mm) (b/mm)
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(mlg)
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14-20

3760

ZEFIL B B E KT (P<0.05).

bR

TR R A R R R

=

7N

679/

Different lowercase letters indicate significant difference between the same index of different altitudes (P < 0.05).
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Fig. 1 Mean germination period of the seeds treated with different solutions at three altitude gradients.
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Table 2 Treatment solutions for seed germination of Larix
mastersiana

ELAs) W

Number Solution
=Pl IR K
Control blank (CK) Distilled water
posEd 10%1 O 3
Treatment 1 (T1) 10% microfertilizer solution
szl 200 mg/L7r & =B
Treatment 2 (T2) 200 mg/L GA; solution
b7 0.6 mg/L S-1 L R IE

Treatment 3 (T3) 0.6 mg/L S-ABA solution

Qb P 10% W IE 7 i+ 0.6 mg/L S-if5 Pi 3 ¥R & i
Treatment 4 (T4) 10% microfertilizer solution + 0.6 mg/L S-ABA solution
ib 10% MBI i+ 200 mg/L Ak 8 2 T R Al
Treatment 5 (T5) 10% microfertilizer solution + 200 mg/L GA, solution
DA A VR0 1R R B2 45 o S i T 6 45 R A5 HH IR A A VR B ARUIE Dy — ol A ot
B BRI 7R o TS 20 0 A i O 7, 1.0 % 480 IE T 9 el T BT TR V2 L
S TR 5 55 42.7 % 4 83.79%- 17 21 0.15% M0.72%. 1
BUE1.63%- 1ET1.90%. TR A T 9 1 i W) AR AR B AR A T .
The concentration of the above solutions is the optimal concentration
obtained through the preliminary experimental results. The micronutrient
fertilizer is a kind of mushroom residue sawdust compost fermented by
Aspergillus fumigatus F7. The 10% micronutrient fertilizer solution was
extracted from the dry microfertilizer particles, which contained 42.7%
carbon, 3.79% total nitrogen, 0.15% available phosphorus, 0.72% total
phosphorus, 1.63% available potassium, 1.90% total potassium. The
mixed solution is composed of two solutions with a volume ratio of 1:1.

R3 BRMARLESHFHELIERNEES T
Table 3 ANOVA analysis of altitude and solution treatment with
seed germination index

H 15 e
Fcir Degree of Germination Germination Vliég:r’ji::dizx
freedom rate (r/%) index 9

sﬁ?}i *kk *kk kkk
Altitude 2 75.498 20.507 138.571
igi&ﬁii *kk *kk kK k
Solution treatment 5 12.608 11.297 13.148
PO A HE
Altitude x Solution 10 1.943 3.538** 7.672***
treatment

TR T 2 T FAE, R R % B3
The values in the table are F-values of ANOVA analysis, *** P < 0.001,
** P <0.01.
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Fig. 2 Difference in germination index of seeds treated with different solutions at three altitude gradients. Different lowercase letters
represent significant data differences between different treatments (Duncan test, P < 0.05).
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Table 4 ANOVA analysis of altitude and solution treatment with seedling growth index

ES I H 5 MO EViil K K HNEwRTE AR el
FactE)r Degree of Root diameter Twig diameter Root length Twig length  Seedling dry Leaf soluble  Leaf starch
freedom (d/cm) (d/cm) (llcm) (llcm) weight (m/g)  sugar w/mg g”) (w/mgg™)
WK Altitude 2 2.082 1.900 423.454*** 248.289***  301.240*** 18.698*** 2.715
WAL Solution treatment 5 88.787*** 19.408*** 26.305*** 9.987*** 32.548*** 106.381*** 15.396***
iﬁﬁxﬁmﬁﬂ * *k *k ok *kk *k *k
Altitude  Solution treatment 10 2179 3.117 9.820 1.378 7.487 4.471 3.072
R BAE N TT 22 T AR, Rl 2, UK B35,
The values in the table are F-values of ANOVA analysis. *** P < 0.001, **P < 0.01, * P < 0.05.
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Fig. 3 Difference in seeding growth form treated with different solutions at three altitude gradients. Different lowercase letters represent

significant data differences between different treatments (Duncan test, P < 0.05).
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Fig. 4 Difference in seeding dry weights and leaf physiological indices treated with different solutions at three altitude gradients.
Different lowercase letters represent significant data differences between different treatments (Duncan test, P < 0.05).
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Table 5 Correlation between germination index of seeds and seed size and seed nutrient

A S5 = 7. 31 1. P
Germination index weight weight length width length width TC content TN content TP content
K EEZ Germination rate 0.591** -0.361 0.341 0.105 0.557* 0.128 0.282 0.439 0.085
K HEFEE Index of germination 0.393 -0.172 0.447 0.085 0.445 0.085 -0.117 0.105 -0.181
W /146 % Index of vigor 0.618** -0.267 0.075 0.195 0.410 0.152 0.607 0.769* 0.496
1 Root length 0.436 -0.069 -0.197 0.317 0.24 0.074 0.754* 0.816** 0.630
#Hl Root diameter 0.102 -0.413 0.111 -0.254 0.184 0.084 0.522 0.453 0.478
25K Twig length 0.530* -0.126 -0.242 0.265 0.218 0.061 0.667* 0.756* 0.562
Z i Twig diameter 0.103 -0.669** 0.225 -0.180 0.223 0.028 0.311 0.358 0.242
LB T Seeding dry weight 0.540* -0.283 -0.091 0.219 0.326 0.199 0.768* 0.854** 0.645

**P<0.01,* P<0.05.

H 25 1S3 TR T AT ) 4 B R AR AE 1] 5 S, A5 3
ST B AR ST A KA AE B 3 B R IE U R B K A5
RAAKFEMES BB HEL G 2 AR E s RER, iHH
KR AR5, BRI A 3 0 10 07 22 TURER 5 34N 3 4y
SLTTHRE 1A L EE A A X A3 AT IR A, 453 21551 & AN
RS HN G0, BB 0T HR GRT) . 45
RER, BUATES, NF ok mESs, Sa/30H4
MBI AE B 23 250 m. 2 870 mAI3 760 m, ##3 250 m
R VYN A AZ b7 F TR 700 R AT 55 7R (8 R i s A
NEER A AR, G611 o 2 WATE E RT3, T2
T5. T4. TARICK, #i#]0.6 mg/Li%Fii &AM AL T Y 1042
b7 B RS DU RN G T AR KR L B, 7R AR K AL R R i %
AR S, KAPET3 250 migE M)A R F, BLLl0.6
mg/LiE DL R IE AL B, T R R S AR R B

3 i i
VONEAz fb /N R, Tk E i 2.8 g, EHAE

i (2.9 @) IEAK, BRALRAARE, FhEE 2T, B AMT

JE RSB R B SR AN By i B B AGE  1  (H R TR R

KA AL LN WA A AR TS TR, Qi B ) A fn
IER R e SAE G dib) ST RN LT PN S N 15 Y s

=6 TS ETFREGEMERSEREBE
Table 6 Factor loading matrix and variance contribution rate of
principal component

F G

Fcir Principal component

F F, Fs
K £ % Germination rate 0.816 -0.434 -0.297
KR4 Index of germination 0.552 -0.344 -0.627
¥ /146 % Index of vigor 0.981 -0.039 -0.023
K Root length 0.481 0.745 -0.276
}i24fl Root diameter 0.576 0.599 -0.434
2K Twig length 0.774 -0120 0.591
254 Twig diameter 0.816 -0.279 0.461
Sy T E Seeding dry weight 0.936 0.125 0.245
AT YERE Leaf soluble sugar -0.136 0.791 0.423
M BE R Leaf starch 0.223 0.856 -0.054
FFfE{H Eigenvalue 4708 2.689 1.551
J7 2 Tk Variance contribution rate (/%)  47.081 26.894 15.510
Zi15THk"% Cumulative contribution rate (7%) 47.081 73.975 89.485

W SRAERER B, A0 R A B 1 2 () e el P 26 4R 40 A, I+
WH A2 B4 A AR BEUR 245 BRI T R B 2 3 49, 3x—
FANE DL B BES T VU LCAZ R R AR 5 . BRIk, SR A
N LHARE VN AT TR, SRR 25, gk
SR AR R, K R RS A T A B DO 14T A S
LRI DY N LLAZ TR BN A R I& 12,
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RT ERHPBEFHEIRMFHELMYHERFESESHS
Table 7 Principal component factor scores and comprehensive
ranking of seed germination and seedling growth characteristics
G s
2H ) Abx N
F, F, F,; Comprehen- Comprehen-
Group Treatment sive score sive ranking

CK -1.428 -0.003 1.140 -0.554 13
T -0.735 -2.633 -1.450 -1.429 16
2870 m T2 -1.542 0.798 0.230 -0.531 12
T3 -0.297 2.633 -0.380 0.570 5
T4 0.895 -0.096 -2.250 0.053 8
T5 0.958 0.813 -1.940 0.413 6
CK -0.364 -1.648 2.360 -0.278 10
T 1.794 -2.859 0.120 0.106 7
3250 m T2 3.659 0.404 0.930 2.208 2
T3 4.097 2.283 1.140 3.039 1
T4 1.633 -0.909 0.540 0.680 4
T5 3.294 1141 -0.360 1.328 3
CK -3.419 -1.542 1.650 -1.976 18
T -1.876 -1.001 -1.290  —1.511 17
3760 m T2 -1.467 2.081 0.660 -0.032 S
T3 -1.988 -1.923 0.120 -0.448 11
T4 -1.672 0.397 -0.570 -0.860 15
T5 -1.543 0.499 -0.680 -0.780 14

AR IR VA TR AR I DY 1 20 A2 b R R gl A o
FRAREZ S EEER. AW 70 T 92560 [ F 74518 “Cik
FEA AR IR TR 72 4E, & 2 R M47.33% PO 151 266.00%, 1E
— R LR T DU LA R TR AR, F R AR SR
BIA T, B F RS R TR ZE R BRERRT
FRERIEWARIEF2 870 milF Al FRIR TR, HALE I
PEi T3 BLEE R T I0 R 25 3R, IX VT e AR B R IR TR
IR Bt S . ORI AR FE R, 3N OB DY )1 4T
A2 Tl 350 4 L HE DR A R R s EL VA Al S A SR )
ARG A, Fh 7R 2F R 3R 19.34%-26.67%, [F IS fl AT
T TR 3N F TR F R A B REE MR, BE
P 73 250 mAI3 760 misE R Rl BINE 1R B R IOE
TR T HEAS [R5 45 DU N 20 A2 -1 B e B 35 8 A2
B, X AT BE S SOIE A A R R R R SR AL T R R B IR
x, WE TR, A A R Yl B R R . TR
TSz i va, R BB, FEAR I INAR R VT, BT i 3
ANEFREREE DN LAY IR ZE A KA —E R B ER. BT
REEHL, oA AR i3s3 L 3 1 3N H VU ) A2 4 AR
. B AEMERAK, FINERT3 760 mifdik U2 K418 #E
TR R 22140 A1, Aok B A A i 2 25 A L A 4 0 )1
LIRSANH IR, X TR RIS TIIR FE RS v, 4B S ik Ak
FE S, AN KA 2P EE RENmEKN
R R, BRI TR B G AR K RN Bk
BORERIEW. MR RS RIEARE SRR 73R
JNLAZHT IR, REFRET. WUE+S- BRI ES
PR T 3NN A2 40T (22K, YU R 35 R VA VO T4
KN HTIREZGEERENSR, XERNFERAES
R 300 40 0 A K AN 2 SR T R, 3 B R RN T LD 4 A
e A K S 2 0 AR 3R A P P S-76 1 25 VA VPR Al P I et
VU NLEAZ G AR 22 KA B B R I 1R, AS-FPi R
ETE TR 70U LT AZ G A AT s e R0 Ty P S A 5

RFEFRRWHARER KBV R BEN IR —, FFK
MERNFIFRI—FEE RN, SHR. g ERAEEEE
BB AR R G RW, KR TR ZER R HAT
TR BN AT U AL R TR ZE R 3% 148
Bty SR 7 ok SR IEM DG R, A KRR A

BRSR T T R E R B H EASROG AR, — i TR E K Y
JNLAZ T T AEE R Z, TCL TN TPE B M T Th
HANKIPUNNLLAZ T T, AT AT 8 3 it 78 /2 7R kb 45
Rl WS M B0 0 B R 2 B i — 8 S — Oy T TR
EWN:1 DI EAR 2 L o - B S I ol S R I (1 Y
(¥ RE 71, G 5 TR BN R 4 AL R SR, %
FeHRL KA IR IR R AR A e . AT 1A
HEMFTING EEEF LMK, ek, 2R EMETE
STC.INZERBETMRRKR, RKTH TR TENS
DR BEM TR AL E ARG XA RE R AT T RUR R
ZHIC. NFTLON R 7 A A4l A R B A e e 2 g
B JEURL MR 50 (14 28 1 5 A BCRE /0, AR i A BT R A S
ZhIG5E, 4 A TR AR, 2 1T 4 55 4 e AR AN R PR BT fE
H1, 1B BB G AR TR R H A LR A A 5T 34N B R
PR B R S AR A E R AL S R, BRI T iR, 1)
AN N3 250 mifE R KRR R AN G B A K RO B i, MG
2 870 mAN3 760 mifEdh b S (K Fh 1. JXRTfE S HH RN SR B 5
AU Gl BESD fe il B DU LA W R ARG, A= R RRR
PRFATE R, Py U BT KL E K, TCL TN TP & 5 i,
T 5 i ol ) 5 R R AN Al AR L. VAV A B A
%, 0.6 mg/Lifs HUz i AL BE T DY I ZEAZ B3 A ANl i AR A
BARMCR ARG, R AT BE A AT FUAE FH K375 LR I IO B 8K
%, BB HEANTE MR AT AN 204k, P 4l v~ i MR s Kk 23 A
B, AR RN, AT 2 A B A AR,
SRR R, (EHERE Y RO KR, A
W S, TR FARIK FE0.6 mg/Lids HT 3 VA i DA TR
KRHEFRITR GBI T, RS EREE.

4 25 i

I I 3 i RO BE DU )LD A2 Fh 1 (R 4R 5 = W R B 97
A, 3E]: (D) 10% ML B e 2 1 3SR 2 DY 1 2142
ol PR A LB TR TR SR AR R SR SRR T 1R AL
PREIL T 10 % Dol A V00X 02 3 AN R i 4 DY ) T AZ b7 R i L
AR RIIBR: (2) BRT10%MALE R, HAR4Th 35 2
FARHE 73N HEIRII N AL 4w AR BB R KK, 200
mg/LoR B3R RO B DU I ZLAZ G AR 224 6 235 HROR,
0.6 mg/L S-i75 4L F AU 1 i DU )1 Z0AZ 4y v - m] i e i A
PV PEVE R I & R RUCR s (3D DU LLAZ Fb 3 (5 2 3
WS S ER MBS A RS T Th E 2 2R
KEZ, FHM T RBE M T TING &2 BFIEMK, 4
WA RSB E SR FTC. TNE B 2 B3 IEHK KR,
() KM TR E K HE IR & B R I3 250 migdk i1
VUL AS R, BCLMICHRE0.6 mo/Lifs Fl g v A 32, i1l
KNG EAR B AR S i, AT LA H SRR IO DU 12042 Fh
FHA AR Al A A T RS (4 4 P 2 B BT, 10 % Bl I ¥ R P
A AR BILAE R 7 B9 A B B T ML AR A I VR P S (1 P A B
TEGE AR B, 1AM TR AN IR 7 & 8 58 A7
REER. AL )5 LB, W] ik R 25 Wi (1 K F 5 23 Fh - AN &)y
BB By A AN TR R e i B e A ARSI AR O DY
JIELAZ Y368 51 o R 55 7 AR B 42 IR} A ) B8 A0 37 A 5
BRI S, Tk TAR [F) A BEAE B A e i AR 5 PR 58 R S
T I IR IR DUSE TR A AR R B AR R LR, DU
LU T8 K5 B B AR A I 25 RO AT g it — AP RS,
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