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The flowering phenological period and floral organ response to altitude in
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Abstract: Prunus armeniaca Lam. is the dominant species in the wild fruit forest in the Tianshan Mountains and has
important values of ecology and resource. The altitude of wild fruit forest is closely linked to its distribution and growth. To
clarify the changes of flowering phenological period and floral organs of P. armeniaca in different altitudes, the P. armeniaca
forest in Tuergenxinghuagou, Xinyuan County, Xinjiang was selected as the research region from March to April 2021. In
the mountainous area of 1000—1500 m with concentrated distribution of P. armeniaca, the sample plots were set up at the
altitude gradient of [—V grade from low to high. We monitored the environmental conditions, and investigated the flowering

phenological period and floral organ development characteristics of P. armeniaca population. The results showed that.
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(1) the flowering phenological period of P. armeniaca population lasted about 32 d, and the longest difference of each
altitude gradient was 2 d. There was no significant difference in flowering phenological period between the grade I and grade
Il , and there were significant differences between other altitude gradients. The last flowering grade V was 9 d later than the
earliest flowering grade I, but the flowering phenological period of the P. armeniaca population was 4 d. The altitude was
significantly positively correlated with the flowering phenological period, while temperature was significantly negatively
correlated with flowering phenological period; (2) The sepalled length and width, ovary height and width of P. armeniaca
were the largest at grade II; corolla diameter, petal longitudinal diameter and transverse diameter were the largest in grade
I, while the anther length and width were the largest in grade IV ; the style length was the largest in grade V. Altitude was
significantly negatively correlated with the external organs and pistils of flowers, and positively correlated with the stamens.
Light intensity was significantly negatively correlated with the external organs and pistils of flowers; (3) Climatic factors for
the flowering period of P. armeniaca, with significant differences between grade IV, grade V and grade I. Altitude gradient
and humidity, light intensity showed significantly positive correlation, altitude gradient and temperature showed significantly
negative correlation. The flowering phenological period of P. armeniaca population in Xinjiang lasted about 32 d. As altitude
rises, light intensity increases, temperature decreases and humidity increases in P. armeniaca woodlands. The flowering
phenological period of P. armeniaca was delayed, and the flowering period increases in duration, with each 100m rise
delaying flowering by about 1.8 d; the development of stamens gradually increased, and the development of external organs
of pistils and flowers gradually decreased, which was the adaptability of P. armeniaca to altitude changes. The results can

provide a theoretical basis for the study on the adaptability of P. armeniaca population distribution.

Key Words: Prunus armeniaca Lam. ; altitude; flowering phenological period; floral organ characteristics; climate factor
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A5 XA T3 ST VR EL i R AR & A5 163, i kb K 28 82°25'—84°56" L4 43°03'—43°40", J& T ¥ K fili
PR AR 9.5°C, ARFEK & 529 1mm, AF H A4 2748.0h, B K IAEF-34 256d, TCFR W 4E7- 15
160d ,0°C Lk - #5428 2564
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1.2 R EERI T S

T 2021 4F 3 H—4 H 24 Or e IX A BT i i A5 714K 960—1634m 1 LI A 73417, 1000—1500m 2
B A X 78 1550m DA B BEAR BB ET D AR . A 1 3800 SN A 0 R (AT A e LR, AR
TR 5T PR P AT 45 vh o0 A DI, VB TH iR 100m FE S —ABREE S el 3 5 BRI, DARE 41 5210, BF 485 43 A1
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Table 1 Topographic and climatic factors of sample plots

, TRV 4 1Yy ; ;
gy RS Wi sy DRI 4
Altit dx Sample Sample 2 L gl 9 Wi ST AMJ 5 Average Average
1 e olope ope erage
'u plots plot Longitude/E  Latitude/N p P Slope/ (°) Site type . V_ e . lemperature humidity
gradient position aspect/(°) light intensity

number  altitude/m in april/C in april/%

in april/lux

|

1 1118. °26'18.88" 43°32'35.71" WA 180. 4 WA 47705. 17.1 .

(1000—1200m) 8.8  83°26'18.88" 43°3235.7 WA #180.0 8 Jela% 7705.0 7 39.9

2 11572 83°26'13.43" 43°32'26.24"  F¥  KdLs6.0  31.1 JuIL B BES:  14449.4 16.5 41.4

L 3 12315 83°26'19.07" 43°32'44.70" Py T 186.7 224 dbliEMiZEY 22853.8 16.3 41.6
(1100—1300m )

4 1251.5  83°26'22.26" 43°32'47.58" Wik A 101.3 30.1  JiBAMEBEYE 151468 15.4 42.6

i 5 1340.6  83°26'04.52" 43°32'56.73" ¥ KR 1363 239  JLILFHBEZEME  50493.2 16.1 40.6
(1200—1400m )

6 1358.1  83°25'57.66" 43°32'54.17" b 74§263.3 35.1  JbiiBHBEBEME 351053 15.5 41.2

N 7 1470.2  83°26'01.10" 43°33/07.83" ™  PipE§200.0 347  JCIIPHBEBENE  46606.7 13.2 46.3
(1300—1500m )

(>|5\(])0 ) 8 1566.6  83°25'57.16" 43°33'12./48' Wiy ZRE§120.0 275  JCIGPABEBERE  47270.5 13.1 433

m

1.3 A0
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Fig.1 Climatic data map of P. armeniaca blooming period at different altitude gradients
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TEAEPE I B[R] 751

FIFH Excel 2019 XPBE AT 014031 . FIH Origin2021 1EIK . SR HBAP Z 97 254087 (one-way ANOVA)
XPAN (R B () A4 B RRAE | O A6 00 - A7 S 2 PR o0 A s HOM S5 R 7E o= 0.05 /KT g 20, i i
Duncan’s #1722 E L, RH] Pearson AHICIMT 1 i, 43 Hritidk SR W00 0] A8 48 B RRAE 22 ) B AH O
P BRI R T AU AR, P<0.05 2453 B3, P<0.01 HEFW B E ., FRHIE SPSS 19.0 HhifkfT,

2 HRE5SH

2.1 AN[RIEERAR LT SR A 1) T AE P 1Y)

H13 2 Al SRR IS it AR A FE T P A AT AE M I Dot 32d ey (NER S0 =P AE8) | &4k
BREESFI DIt 24d , fe KA ZE 2d, S AHUEEIE B ISR T o, B T AE D0 IUI T4 (1 ek [ a2 S 26 1 4%
Etk 5550 R IFAE MY 25 S AN DL, AR R R A W R 22 5 . P AV R ) B A0 5 | RS e s vV
PANZE 9d , 25 22 57 oK WIAE I A R ) 55 T 045 e R A9 5 V A 22 5, 25 I 22 53 die /N AN RV SRR 1
AT, TFAEI (RO =V AL -2 it 8—12d, 55 V SR I I Fc K 5 8 20048 S R R (4.52% )
HOT AR I TRIE A 73 28 580K WIAE AL 5 R e/ N (2.30% ) HOH iRt [e) fede rh 22 5 80

®2 FRBHBENTEFEDESR (J-H)
Table 2 Flowering phenological period of P. armeniaca at different altitude gradients

FFAEYIEIY] Flowering phenological period

TR — — - .

Alitudo gradient P S W) HRAEN] VEAEN]
Show speal time Show petal time Early bloom time Full bloom time Fall bloom time

| 3-22—3-30 3-31—4-8 4-9—4-10 4-10—4-12 4-13—4-16

I} 3-22—3-31 4-1—4-7 4-8—4-9 4-9—4-12 4-13—4-16

] 3-24—4-1 4-2—4-8 4-9—4-11 4-11—4-14 4-15—4-17

v 3-28—4-4 4-5—4-11 4-12—4-13 4-13—4-16 4-17—4-20

Vv 3-31—4-6 4-7—4-12 4-13—4-15 4-15—4-19 4-20—4-24

2% Range/d 9 7 5 6 7

AR 5 Z BN Coefficient of variation/ % 4.52 3.25 2.30 2.75 3.13

2.2 RI[RIVGHR R BT A B AR B RRAE

I 3 AT A [RIVEEAORE B Bt BT A5 (B A8 B R B AR, BRSSP w5 s 48 T )
BRIV, B2 11.93% 15.90% 27.76% 34.35% , 5 HA I A7 A8 8 22 5 (e B AR AE
MR FREAE 22 KSR T GO I, 55 IV B/, 43 A 25 12.48% (15.41% (11.48% 19.68%
e B AE AR 5 MR AR AE B3 22 5% AR AR 550 T QU i e i 25 22 5 (0 5 LAt ifg
WP BIAEAE 2525 5 AR 22 K N5 55 IV QU M AEAE W35 25 5 s AN TRNRME FE AR 25K B 4B 2 v B R o
IV gtse k58 M AI /N, 2 BIAHZE 14.68% 26.83% , L2451 B 55 HA G 3 92 To i 35 22 53 A6 25 58 S5 BR AR
V G o) HAB G R R AP 35 25 57 s AN TR AR B2 (R AR AR B 2 58 V RS 5 K, 28 IV i e/ M 25
46.23% , SR I 9t HAp SR I AE B2 25 5 0 5 INEIRBEEE BT AT A6 A A (8 e 22, R R 4L
o FE5 1 GO D R L1650 A s AL BN RDE FBDE bt 5EER I 2 2 5
2.3 OR[EPER ) AR R

FH 3 4 WL AN [RIVEEAROR T S T A5 F A S A AR b ORI TR B 68 18 v < D' R B 43 A I T 1S o
RSP & I T IV .V (47270.5Lux) , e KAHZE 59.81%, 56 VRS 1 I RfFEREZES HS
S VR % 22 5 IR B RRAR e KA 22 22.02% , T 208 V5 VREBEE R ELR BRETE
MR SNV | VHA 0325 R E WG R, WS T HBNEE VIR K T 6.00%, 55 IV 55 1 | 40
WATEREZES BSE N VIR ZEFARE, 5 T HOBH 06 EERE R A%, HIR R & T4 Mok, 45
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FE 1 ALA TEARON T (R ) AN TR A A 3 RS 4 SRR 5~ B W 22 5 | BH A ' i 8 D A s 1 B 3
TR BFA8 8 AU T e ey B A5 b T ) A Al S i 3 A R 0 A S0 A I e A
AR

R3 TRBEGENBHNERERE

Table 3 Flower organ characteristics of P. armeniaca at different altitudes

i = TR Altitude gradient

Floral organ index 1 i m v Vv
BB K Sepalled length/mm 4.23+0.08b 4.61+0.11a 4.08+0.09b 4.06+0.08b 4.23+0.11b
B G Sepalled widt/mmh 3.41£0.06b 3.90+0.10a 3.3120.08b 3.28+0.06b 3.59+0.08b
AL EH A% Corolla diameter/mm 24.36+0.41a 21.84+0.36b 21.41+0.38b 21.32+0.40b 22.11£0.47b
AEIRY\FE Petal longitudinal diameter/mm 10.58+0.18a 9.67+0.15b 9.13+0.22b 8.95+0.18b 9.72+0.21b
AEIRAHAE Petal transverse diameter/mm 8.45+0.18a 8.08+0.13ab 7.81+0.19ab 7.48+0.18b 7.61+0.19b
221 Filament length/ mm 9.91+0.24a 9.46+0.26a 9.40+0.14a 7.96+0.14b 9.61+0.40a
AEAE K Style length/mm 8.82+0.30b 11.37+0.46a 8.53+0.53b 6.13+0.50¢ 11.40+0.53a
T B Ovary height/mm 3.3320.11b 4.07+0.14a 3.3220.21b 2.94+0.20b 3.3120.10b
T3 55 Ovary width/mm 1.74+0.07b 2.30£0.07a 1.6120.10b 1.51£0.10b 1.79+0.06b
EZ5KE Anther length/mm 0.95+0.03a 0.95+0.04a 0.93+0.03a 1.09£0.05a 1.05+0.06a
AEZ5 9B Anther width/mm 0.66+0.03bc 0.64+0.03¢ 0.60+0.02¢ 0.82+0.04a 0.76+0.04ab
AL Petal colour 1,2,3 1,2 1,2 1 1
AEIRIEAR Petal shape 1,2 1,2 1,2 1,2 1

F PR R TP IE AR AT A /N FRFRR 25 B (P<0.05)
®4 TEEBERBENHBETRFIEHSIRESE

Table 4 Climatic characteristics of flowering period P. armeniaca at different altitude gradients

SR T TEIR R Altitude gradient

Climatic factors 1 I m \Y% \Y%
YEHRGE B Light intensity/Lux 31077.2+1277.6b 19000.3+827.8¢ 42799.3+£1281.5a 46606.7+1822.4a 47270.5+£1799.2a
R Temperature/ °C 16.8+0.3a 15.9+0.3a 15.8+0.4a 13.2+0.5b 13.1+0.4b
T2 Humidity/ % 40.7+1b 42.1x1.1ab 40.9+1.1b 46.3+1.6a 43.3+1.5ab

PRI R E AR e AT A F/NE T RFRR 257 B3 (P<0.05)

2.4 CHERETASIFAEDE AL E SR AE O
2.4.1 JHEYMI SR A DG

A% 5 0 IO S A R WA BRI S S AR O, SRR VA A SR I IE A,
EEEMEN (0.976) 1A C R B R HE K T FE SR 200 IR S e 0] T AE I 1 2 10 2 AR OGS R A
SR P AHOC SRR (—0.970) AH G ZR E5 4 0 B 55 K ' HR B BRI B 55 A6 ) 10 1 45 o) 09 459 252 TEAH G
(EAN G XSl SRS IR A0 P TR 2 R M M 5 (9% A e [ %) 2 PR, o 8 ) B i i W 3 5 B S AR A4
FEAE Y 3 it 5 T T v T SR TR RE 3 1 DX I T

RS5 ARBEBERSERFEFEVRBHBEXED N

Table 5 Correlation analysis of different altitude gradient and climatic factors with flowering phenological period

THRBR R IR/ Lux R/ C MEBE/ %

Aliitude gradien Light intensity Temperature Humidity
#2] Show speal time 0.955* 0.806 -0.949 0.662
R Show petal time 0.976** 0.764 -0.970*" 0.698
HIAEM Early bloom time 0.875* 0.815 -0.928* 0.708
JEAEI Full bloom time 0.919* 0.865 -0.897* 0.587
44639 Fall bloom time 0.959 ** 0.814 -0.912" 0.572

# o AE0.01 K COUW) ERFEAMZE, = 7 0.05 KF (BUU) L 8FEHK
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2.4.2 PP AESSE SR A O

FH 3% 6 AT, A ITEERRE B RS A SRS B R B A OCHE . 13k B SR AR 25K B | 9 B 1 2
2 EASC, SR EAR AL IR ARS8 AR W 2 AR OC , S22 KB 7 s T i 2 W 2 A G 5
AEMEREAE (-0.381) MG R ELLE RHE IR K, S/ MR B e BE 5 G B B 5 AR K BE RN SE B A e A AE AR
A AR 7 D5 5 BV B S e 2 ARG, SAE 4 K E R WETARC, 5 F =B (-0.378) (WA
KRB E IR, T/ NSRAE 22 KB S AR FE RN 98 B 2 IEAH DG AN i 2 ﬁ'ﬁﬁﬁ%ﬂiﬁﬁ‘i%%’?ﬁs%ﬁ
FRIETC R B AHOCHE X SEgs SRR MO0 BF AV AR AN A B & B I 52 5 (2, LR B | MERE s DG IR i
X R K B R e K, LR B A AL R AN A8 B R 5 TR B R R X AE R R B O FJO

R6 TRBEBERSERAFEERENEXEIN

Table 6 Correlation analysis of floral organs with different altitude gradients and climatic factors

AR I JE IR B/ Lux L/ C MEE/ %

Aliitude gradien Light intensity Temperature Humidity
ALK JF Sepalled length/mm -0.170 -0.287 ** 0.046 0.033
AEHEFEE Sepalled width/mm -0.095 -0.326 " -0.006 0.045
AETE EL A% Corolla diameter/mm -0.272"* -0.296 ** -0.025 0.121
EIRY\FE Petal longitudinal diameter/mm -0.334"" -0.335"" 0.096 0.021
AEFREAE Petal transverse diameter/mm -0.381** -0.335*" 0.084 0.048
122 K J¥ Filament length/mm -0.214" -0.194* 0.062 0.000
K E Style lengt/ mmh 0.030 -0.227** 0.017 -0.019
TP Ovary height/mm -0.209* -0.378 ** 0.092 -0.037
T3 5EE Ovary widt/mmh -0.213* -0.353** 0.068 -0.013
AEZ5KJE Anther length/mm 0.232* 0.089 -0.023 0.003
AEZ5FEE Anther width/mm 0.291** 0.070 -0.078 0.049

# % A 0.01 AF (3U) FRBEEME, + 7E0.05 K7 () bW EH

2.4.3 TSR A ARA IR R R IN F O AR SCE
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KRB E SO IEBRIE (0.274) BUARSC R B R IR, YR IR B 2 D' I o 17 5 YL 38 S8 i 8 35 E A
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TR SRV HE 5 FEE R MR fie A, B TR AT oG, DG IR R R i 3l BE ARG, R B

®7 HERARBREESBEEFHBERMES T

Table 7 Correlation analysis of different altitudes and climatic factors in A.vulgaris forest

TR I JEHEEH E/ Lux B/ C TR/ %
Altitude gradien Light intensity Temperature Humidity
TR BRI Altitude gradien 1.000
JEHESR B Light intensity/Lux 0.274** 1.000
¥ Temperature/°C -0.181*" 0.134** 1.000
{2 Humidity/ % 0.058* -0.221** -0.842 ** 1.000

# o fE0.01 AKF(RU) DG, * 7F0.05 KB w4

3 B4R

3.1 g
301 RO TR A AL A 4 B 15 i

AT IR EL ik SRR AETAAS RV B P A O A6 e A A B 3 22 550 1500m DAL 9 P 485 5 46 4 ik
Wi, 1000m 247 A SR JEIR T 9d  (HAE DI RIE K T 4d ; HIF AR ] 54k 2 W 3 B G, SiRE 2
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VPR 2050m HLIX HLIREIR 1425 m DK HE T 17d 0 5 DU A8 2K 1 XA 40 it 25 T 0 T T SR 400 i B iff 5 45
A G AR SO T 45 S — R, V5 I TR B 2 Eh R BRSO 5 4 BRI 2 A A0 7 AR S TR e | oA A B B 2 VA
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Yz As 1k,
3.1.2 IR SR ET A AL B AR R

BRI AL B R T SIFRNOCR Y], MG R DGR R Br A AL 5 ACE FEIEAE /N AL
ZHAR K IR R (AR AL 5 2R B R AR IEAT G H AN 2, MW b & B AL B 0 AR v, & I P i
% R 2 AN RS R 28 AL [ R i, AAE o B i TR S A2 AR AS DR 4R T i e A8 B I A |
IKSCEE Y BEIR BT R T R S R R T, S AAE IR AT RN AR B S A2 5 I G A E 4G
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3.1.3  AS[RIEE AR AR R T i S A AR A PR A S
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