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Abstract: [Objectivel Prunus armeniaca Lam. is the world’s original population of cultivated apricots
and also the dominant species in the wild fruit forests of the Tianshan Mountains. It plays an important
role in maintaining the stability of wild fruit forest ecosystems and has important values of ecology and
germplasm resources. Seed reproduction is the way of natural regeneration of P. armeniaca. Normal
fruit and seed development is an important basis for obtaining new provenances. The adaptation of fruit
and seed traits to the environment of vertically distributed P. armeniaca populations in the mountains at
altitudes ranging from 1000 m to 1700 m on both sides of the Ili Valley in Xinjiang is still unclear. The
natural regeneration of P. armeniaca is achieved through live reproduction, and fruit and seeds that can
develop normally are an important basis for obtaining a renewed seed source. The habitat conditions of
wild fruit forests are closely related to their distribution and growth. In order to investigate the influence
of altitude on the fruit and seed appearance traits of P. armeniaca, the relationship between the develop-
ment of sexual organs of P. armeniaca and their degree of determination was investigated, with a view
to providing some theoretical references for the study on the ecological adaptations of survival and sexu-
al reproduction of P. armeniaca. [Methods] The P. armeniaca forest in Tuergenxinghuagou, Xinyuan

county, Xinjiang was selected as the research region from July to August 2021. In the mountainous area
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of 1100-1500 m with concentrated distribution of P. armeniaca, ten sample plots were set up at an aver-
age interval of 100 m from low to high in an altitude gradient from I to V. The environmental condi-
tions were monitored. Five sample trees were selected at each altitude with similar diameter at breast
height and vigor, five fruits were picked from each tree from four directions of the canopy, 20 fruits
were picked from each tree, and 100 fruits were picked from each altitude to observe the fruit and seed
traits. Fruit weight, vertical diameter, transverse diameter, side diameter, fruit shape index, pulp thick-
ness, lightness, red level, orange degree, hue angle, total color, a/b-value, firmness, soluble solids con-
tent, acid content, solid/acid ratio; fresh weight of seed, dry weight of seed, vertical diameter, transverse
diameter, side diameter, seed yield rate were measured. Preliminary processing of the data was carried
out using Excel 2019. One-way ANOVA was used to analyze the fruit and seed traits of the samples col-
lected at different altitudes. Duncan’s multiple range test was performed when the results were signifi-
cant at o = 0.05. Pearson correlation analysis method was used to analyze the correlation between the al-
titude and fruit and seed traits. Double-tail test was used for the significance test. p<<0.05 meant the sig-
nificant difference, and p<<0.01 meant the extremely significant difference. Multiple regression analysis
and path analysis were used to analyze the effect of altitude gradient on fruit and seed traits. The above
analysis was performed with SPSS 19.0. [Results] The correlation coefficients of fruit and seed sizes of
P. armeniaca decreased with increasing altitude, and the correlation coefficients of vertical diameter,
transverse diameter and fruit weight were —0.775, —0.728 and —0.697, respectively, and the correlation
coefficients of dry weight of seed, vertical diameter and fresh weight of seeds were —0.659, —0.645
and —0.608, respectively, all of which were highly, significantly and negatively correlated with the alti-
tude gradient; the correlation coefficients of flesh color, fruit quality and seed yield increased with in-
creasing altitude, and the correlation coefficients of soluble solids content, hardness and orange color in-
creased with increasing altitude. The correlation coefficients for fruit flesh color, fruit quality and seed
yield all increased with increasing altitude, and the correlation coefficients for soluble solids, firmness
and orange degree were 0.680, 0.606 and 0.384, respectively, and the correlation coefficient for seed
yield rate was 0.341, all of which were significantly and positively correlated with the altitude gradient.
Further path analysis showed that the altitude gradient had the greatest direct effect on fruit and seed
vertical diameter, with direct path coefficients being —0.616 and —0.406, respectively, and the greatest in-
direct effect on fruit solid/acid ratio and fresh weight of seed, with indirect path coefficients being 0.416
and —0.468, respectively. The analysis of the degree of determination showed that the change in altitude
gradient mainly affected the vertical diameter, fruit shape index, soluble solids content, solid/acid ratio,
hue angle of the fruit, fresh weight, dry weight, vertical diameter and seed yield rate of the seeds, and
76.6% of the five traits of the fruit as well as 63.0% of the four traits of the seeds were influenced by
the altitude gradient. [Conclusion] Changes in the altitude caused significant changes in the climate, to-
pography, soil and nutrient conditions. where plants live, causing plant organ traits to exhibit certain alti-
tudinal- companied characteristics. As the altitude of the P. armeniaca population in Turgen, Xinyuan
county increased, the fruit and seed sizes gradually decreased, and the fruit color, fruit quality and seed
production rate gradually increased, with the altitude being closely related to fruit and seed traits, and
the degree of determination being significant. These differences reflected the adaptation of reproductive
inputs and survival adaptations of P. armeniaca to environmental change. Further research on the seed
fate of wild fruit trees in vertical habitats will be important in exploring the self-sustaining mechanisms
of P. armeniaca.
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Table 1 Topography of sample plots

R BT BEdhgm = HLJE IR F Topographic factors
Altitude Sample plots k44 2% a4 WAL Wi W
gradient number Sample plot altitude/m Longitude Latitude Slope position ~ Slope Aspect/(°) Slope/(°)
I 1 1118.8 83°26'18.88" 43°32'35.71" MAE 4 180.0 8.4
(1100~1200 m) Valley S 180.0
2 1183.6 83°26'21.44" 43°32/35.08" b4 762753 282
Ascent W 2753
3 1157.2 83°26'13.43" 43°32'26.24" et #1656.0 31.1
Ascent NE 56.0
I 4 1202.3 83°26'10.23" 43°32'39.75" 3 PiFg229.3 29.7
(1200~1300 m) Ascent SW 229.3
5 12315 83°26'19.07" 43°32'44.70" g 9 186.7 224
Midslope S 186.7
6 1251.5 83°26'22.26" 43°32'47.58" Rk 41013 30.1
Midslope E101.3
I 7 1340.6 83°26'04.52" 43°32'56.73" g RFI136.3 23.9
(1300~1400 m) Midslope SE 136.3
8 1358.1 83°25'57.66" 43°32'54.17" ok 14263.3 35.1
Ascent W 263.3
v 9 1470.2 83°26'01.10" 43°33'07.83" Rk Vi r 200.0 34.7
(1400~1500 m) Midslope SW 200.0
\4 10 1 566.6 83°25'57.16" 43°33'12.48" HR 7574 120.0 27.5
(1500~1600 m) Midslope SE 120.0
F2 HMWERETFER
Table 2 Overview of habitat factors in sample plots
AR BAE Altitude gradient
A= 35% [K-F Habitat factors - £
I il v A\

A LI
Climate Light intensity/Ix

24 768.00+1 128.8 ¢ 15703.51+913.2d

30293.34916.31 b 31157.46+1333.61b 42313.18+1515.47a

U5 Temperature/C 19.14+0.33 a 18.95+0.35a 19.07+0.35 a 18.02+0.52 ab 17.68+0.50 b
¥ FE Humidity/% 50.34+0.95 a 48.71£1.01 ab 46.49+1.00 b 49.93+1.44 ab 49.27+1.4 2ab
BRI % 4.59£0.22 b 3.71£0.21 ¢ 3.63+0.23 ¢ 3.41+0.20 ¢ 5.36+0.24 a
Diurnal temperature range/C
+3 wCEED 1.05+0.02 a 0.80+0.04 b 0.95+0.07 ab 0.97+0.03 a 1.07+0.03 a
Soil Total salt content/(g-kg™")
wCEHLID 128.5+£9.07 ab 104.68+13.96 be 144.50+8.31 a 80.77+£3.90 ¢ 132.67+5.17 ab
Organic matter content/(g-kg ™"
w(A %) 5.24+0.26 b 4.85+0.52 be 6.02+0.27 ab 3.68+0.05 ¢ 6.49+0.27 a
Total nitrogen content/(g-kg™)
w( A 0.30£0.05 a 0.22+0.03 a 0.30+0.02 a 0.28+0.03 a 0.31£0.01 a
Total phosphorus content/(g-kg™
w4 27.53+1.03 a 28.63+0.39 a 27.54+0.27 a 27.07+£1.00 a 27.36+0.74 a
Total potassium content/(g-kg™)
pH 6.43+0.14 a 5.73+£0.02 b 6.04+0.09 b 6.64+0.09 a 6.01+0.09 b
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Table 3 The fruit traits of P. armeniaca at different altitudes
EESRURIN IR IR Altitude gradient
Fruit traits I i 11 vV v
BT Fruit weight/g 14.7140.24 a 14.58+0.32 a 14.25+0.60 a 9.37+0.48 b 7.68+0.61 ¢
Y\4% Vertical diameter/mm 33.10£0.34 a 31.49+0.24 b 31.31£0.35b 28.89+0.64 ¢ 24.81+0.60 d
4% Transverse diameter/mm 31.03£0.22 a 30.76£0.25 a 30.50+£0.48 a 26.21£0.58 b 23.74+0.74 ¢
4% Side diameter/mm 26.30+0.24 a 26.18+0.25 a 25.89+0.44 a 22.72+0.56 b 20.82+0.74 ¢
BAFEHL Fruit shape index 1.07+0.01 a 1.02+0.01 a 1.03+0.02 a 1.02£0.09 a 1.06+0.04 a
S JE Pulp thickness/mm 7.13+0.19 a 6.97+0.14 a 6.82+0.13 a 5.88+0.24 b 5.78+0.28 b
S22 Lightness 49.07+0.70 ¢ 50.05+0.96 be 51.53+0.37 ab 51.97+1.11 ab 53.40+0.43 a
ZI B FEE Red level 17.14+0.54 ab 15.50£0.76 b 16.070.64 ab 17.41£0.44 a 16.10£0.39 ab
PO FELE Orange degree 31.17£0.63 b 28.13+0.52 ¢ 31.23+0.50 b 32.18+0.38 b 34.99+0.32 a
4] £ Hue angle 61.89+0.81b 64.20£0.72 b 64.22+0.90 b 64.51+0.71 b 65.41£0.53 a
4% 5 1 Total color 27.63+1.10 a 27.55+1.32a 26.86+1.15 ab 27.55+0.61 a 24.41£0.50 b
L a/b-value 0.56+0.02 a 0.56+0.03 a 0.52+0.02 a 0.55+0.02 a 0.46+0.01 b
fifl % Firmness/(kg-cm™) 0.70+0.03 ¢ 0.71+0.02 ¢ 0.8540.10 be 0.98+0.06 b 1.46+0.08 a
wCRIVE I B 16.10+0.38 ¢ 15.3340.47 ¢ 19.79+0.48 b 20.49+1.29 b 23.58+0.83 a
Soluble solids content/%
wURTR) Acid content/% 1.44+0.06 b 2.00+0.10 a 2.18+0.16 a 2.15£0.14 a 1.64£0.12 b
[ /% Lt Solid acid ratio 11.53+0.47 b 8.08+0.42 ¢ 10.27+0.82 b 9.84+0.72 be 15.13+1.05 a

1 R EAE AR CPEESRRE R ; FATAR/NG P REROR Z 7 23 (p<0.05).

GE

Note: Data in the table represent (mean + standard error); Different lowercase letters in the same column showed significant differences (p <

0.05), The same below.
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Table 4 Correlation analysis between different altitudes and fruit traits of P. armeniaca

L

Iz Btz JIUEES FIBAaHL RAJE

AT AR

o
ik Fruit Vertical Transverse Side Fruit shape Pulp ﬁifg Soluble solids
Index . . . . . . Firmness

weight diameter diameter diameter index thickness content
WERBRIE -0.697** -0.775%* -0.728%** -0.653**  -0.047 -0.379%*  0.606**  0.680%*
Altitude gradient
fatn MG I 12 L W ERR L AEORRE BORE T BPEnE APl
Index Acid content  Solid acid ratio  Lightness Red level Orange degree  Hue angle  Total color a/b-value
WL 0.185%* 0.273%* 0.210%* 0.004 0.384%* 0.276**  -0.111*%  -0.172%*

Altitude gradient

VE:** 1E 0.01 AP GUID S, * 7E 0.05 KFGUID & ZEME. FFE.

Note: **. Significantly correlated at the level of 0.01 (bilateral). *. Significant correlation at 0.05 level (bilateral). The same below.
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FHIE R ELR=0.875, L L E R R=0.766, 7 B L 5K
IR TR B v 1 [ T & & S R L L
5 A F S MR R A H RN 76.6% 52 i 3R b
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Table S Path analysis of fruit traits and altitude of P. armeniaca

BSMR MERE HEEZ AR ] 423848 74X Indirect passage coefficient

Fruit traits ~ Correlation coefficient Direct passage coefficient X, X, X, X 41} Total
X -0.775 -0.616 -0.034 -0.249 0.057 -0.001 -0.227

X, -0.047 0.162 -0.128 0.094 -0.019 0.031 -0.022

X -0.645 0.465 0.330 -0.203 -0.079 -0.003 0.045

Xy -0.528 -0.167 0.209 0.018 0.220 -0.031 0.416

X; 0.276 0.141 0.002 0.035 -0.011 0.010 0.036

VX RIE X, RIVAREG X, FIVETEEDEY S & X BEREL  XG. (LA .
Note: X Vertical diameter of fruit; Xo. Shape index of fruit; Xi. Soluble solids content; X.. Solid acid ratio; X;. Hue angle.

1243 5~ 22.43.17.80+ 10.48 mm, “F- ¥ 77 Fh Z Ny
15.16%

FH 3R 6 T 1, AN 5] PR P52 0T 96 BT Ay 1) b - fif
FiE MR E R R R RS T &
R EOR, 58V R SE R BN, 53 HAH 22 45.44%
40.12%+27.08%+ 13.49% 15.83%; 55 1 2545 ()

¥ i E S B R A EREES, T E,
MRS IVELEV R RE E R e s
SEINZREER IV BB V SRR A7 A2 B 25 2 57, fll 42
SRV E LV Sk A B E 25 A
(vl PS8 P2 5B A (1007 e A B8 IV Gt de s
55T RN BAR A2 29.17% , 5 HAth i 3k 39 A7 1E

*6 TEIBHRBEFEMHFIIK

Table 6 The seed traits of P. armeniaca at different altitudes

PP IR R Altitude gradient

Seed traits I i 1 v \

Ffi "4 5 5 Fresh weight of seed/g 2.22+0.04 a 2.000.04 b 2.01£0.08 b 1.81£0.09 b 1.21+0.08 ¢
FfFF 5 & Dry weight of seed/g 1.62+0.04 a 1.53+0.03 a 1.56+0.06 a 1.39+0.05 b 0.970.05 ¢
W12 Vertical diameter/mm 24.27+0.38 a 23.09+0.16 ab 22.31+0.34b 22.73+0.48 b 17.69+0.89 ¢
1#4% Transverse diameter/mm 18.64+0.16 a 18.06+0.20 ab 18.5940.29 ab 17.73+0.36 b 16.12+0.52 ¢
4% Side diameter/mm 11.18+0.15 a 10.47+0.07 b 10.68+0.22 ab 10.15+£0.22 b 9.41£0.19 ¢
FERIE Seed yield rate/% 15.2840.35 b 13.69£0.26 ¢ 14.14£0.31 ¢ 19.3240.47 a 16.06+0.69 b

WEER.
222 MFHRKEHEKGFEARE HFETH,HE
WG SR P8R & MR E P AR A

Ao AR 28 AR 2 A G, P AR AR 35 O
R, 55 T 5 Jo B 1 AT 90 R 2 (-0.659) ZEXHiE i
K5 57 Pl A IR A 9% R K0 (0.34 1D 45X HE B2/

R BRBESHEMFIHROBEX SR

Table 7 Correlation analysis between different altitudes and seed traits of P. armeniaca

EEEAY ity o

Index

EIS R TG Frfe

LR e RIS LS

Fresh weight of seed Dry weight of seed Stone vertical diameter Stone transverse diameter Stone side diameter Seed yield rate

WEHRALIE
Altitude gradient

—0.659%* -0.608%* —0.645%*

—0.433%%* -0.528%* 0.341%*
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YRR s AP TR 10 BLHAE R e K, 5o o5 I 22 11
HEAE R &N, BEER R H 5 5 8-0.406 Fil-
0.192 5 X6 7~ ot 8 19 (A1 F A FH B K, A1 218 4% R AL
N-0.468.
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Table 8 Path analysis of seed traits and altitude of P. armeniaca

FFPR IR ERER A i) 453848 A 3L Indirect passage coefficient

Seed traits Correlation coefficient Direct passage coefficient X, X, X, 41 Total
X -0.659 -0.192 -0.145 -0.308 -0.015 -0.468

X; -0.608 -0.216 -0.128 -0.213 -0.050 -0.391

Xs -0.645 -0.406 -0.146 -0.113 0.020 -0.239

Xy 0.341 0.324 0.009 0.033 -0.025 0.017

T X R EEBRE X BT R X AR X PR

Note: X;. Fresh weight of seed; X7. Dry weight of seed; X;. Vertical diameter of seed; Xo. Seed yield rate.
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