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Abstract; In order to clarify the geographical variation rule of phenophases of Xanthoceras sorbifolium
Bunge, six plots were selected in its main distribution areas (Inner Mongolia Autonomous Region, Hebei
Province and He’ nan Province) , phenophases of X. sorbifolium were observed in 2012 by the method of
fixed line observation, and the correlations of its phenophases with longitude and latitude, climatic factors
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and fruiting characters were evaluated. The results show that there are obvious differences in bud
germination stage, early flowering stage, full flowering stage, late flowering stage, leaf-expansion stage,
fruit fast-growing stage, fruit maturing stage , fruit dropping stage, deciduous stage and total growth period
of X. sorbifolium among six plots tested. In which, difference in days is the most (40 d) during full
flowering stage and that is the least (26 d) during fruit fast-growing stage. Deciduous stage of X.
sorbifolium from Shanxian County in Sanmenxia City of He’ nan Province ( the southern edge of
distribution area) is the latest, while other phenophases are all the earliest, and total growth period is the
longest (199 d). However, deciduous stage of X. sorbifolium from Kundu Town of Alukeerqingi in
Chifeng City of Inner Mongolia Autonomous Region ( the northern edge of distribution area) is the
earliest, while other phenophases are all the latest, and total growth period is the shortest (148 d). In
the view of fruiting characters, the differences in fruit setting rate and seed weight per projected area of X.
sorbifolium among six plots are greater, but the difference in seed oil content is not obvious. In which,
both fruit setting rate and seed weight per projected area of X. sorbifolium from Shanxian County in
Sanmenxia City of He’ nan Province are the lowest. The results of correlation and regression analyses show
that there are positive correlations among most phenophases of X. sorbifolium, only there is a negative
correlation between deciduous stage and other phenophases. In which, except that there is no significant
correlation between full flowering stage and fruit fast-growing stage, there are significantly or extremely
significantly positive correlations between phenophases of flower period ( early flowering stage, full
flowering stage and late flowering stage) and phenophases of fruit period (fruit fast-growing stage, fruit
maturing stage and fruit dropping stage ). There are significantly or extremely significantly positive
correlations of most phenophases with longitude and latitude, only there are significantly or extremely
significantly negative correlations of deciduous stage with longitude and latitude, respectively. On the
whole, except deciduous stage, there are positive correlations of phenophases of X. sorbifolium with
annual average sunshine hour, and most negative correlations with other climatic factors. In which, except
fruit fast-growing stage and fruit dropping stage, there are significantly or extremely significantly negative
correlations between other phenophases and annual mean temperature. In addition, only there is a
significantly negative correlation between total growth period and fruit setting rate, while there is no
significant correlation between other phenophases and fruiting characters. The comprehensive analysis
results show that there is an obvious geographical variation rule of phenophases of X. sorbifolium, and
temperature is the main climatic factor affecting its phenophases.

Key words: Xanthoceras sorbifolium Bunge; phenophase; fruiting characters; geographical-climatic
factors; correlation analysis; regression analysis
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Table 1 Basic status of six plots of Xanthoceras sorbifolium Bunge tested
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D . " X Annual mean ) Extreme high Extreme low
Plot Longitude Latitude Altitude . temperature temperature ) ) temperature of
temperature in Janualy in July temperature temperature =10 C
S1 E119°00’ N42°57' 623 5.8 -12.5 22.5 39.8 -33.8 2 640
S2 E119°18’ N44°13' 550 5.5 -11.5 22.9 40.6 -42.0 2 800
S3 E120°03’ N43°10' 420 5.5 -11.0 21.0 42.1 -30.0 2 800
S4 E111°37’ N34°38' 760 13.5 -1.9 38.7 43.2 -19.1 4276
S5 E114°25’ N39°45' 850 6.4 -12.3 22.1 38.6 -35.3 2950
S6 E117°50’ N40°58" 510 9.2 -9.5 24.0 41.2 -27.9 3 590
I EREK R g N ) e
. 2 H il JA Hj, L 5 B 1=, 2/ c
SUUNN Hmm fmm OV ey thiya  ME/m o B Gy
1 RO ) ) Frostless <. o Tree Ground ’
Plot Annual average Annual Annual . Soil type Stand age . . Crown
K . ) peroid height diameter .
sunshine hour precipitation  evaporation projected area
S1 2923 320 2 235 130 + Chestnut soil 44 3.20 15.33 8.36
S2 2 900 340 2 075 120 ZEHE 4 Chestnut soil 35 3.00 11.96 5.84
S3 3 050 350 2 067 150 FAE + Chestnut soil 29 1.70 4.83 2.90
S4 2279 573 2 361 216 #) 1 Cinnamon soil 42 2.30 8.39 5.91
S5 2917 416 1 594 126 JEAE 4 Chestnut soil 10 1.84 4.58 2.72
S6 2 570 527 2 000 130 #3 £ Cinnamon soil 45 5.11 19. 67 19.12

'81,82,83: 4301 ISR A X AR AT A 5 - AL 2 P | B 68 A R U0 TEE B 8 A0 B 5 B RO S 1L B Wudan Town of Wengniutegi, Kundu
Town of Alukeerqingi and Tianshan Town of Alukeerqingi in Chifeng City of Inner Mongolia Autonomous Region, respectively; S4. Jil 45 =[]k ik
H. Shanxian County in Sanmenxia City of He’ nan Province; S5 WALA TR E O TR A Yuxian County in Zhangjiakou City of Hebei Province; S6: |

b R FETI T X Urban district in Chengde City of Hebei Province.
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Table 2 Comparison on phenophases of Xanthoceras sorbifolium Bunge in six plots tested

e Y5 (MM-DD)?  Phenophase (MM-DD)? BAEKW/
1 Total growth

Plot BGS EFS FFS LFS LES FFGS FMS FDS DS period

S1 05-11 05-12 05-17 05-25 05-20 06-20 07-23 07-29 10-15 157

S2 05-16 05-14 05-21 05-31 05-24 07-06 08-01 08-10 10-11 148

S3 05-15 05-13 05-19 05-27 05-23 07-02 07-29 08-08 10-14 152

s4 04-14 04-06 04-11 04-22 04-20 06-10 06-30 07-10 11-15 199

S5 05-10 04-27 05-08 05-17 05-20 06-15 07-20 07-26 10-20 163

S6 05-13 05-03 05-10 05-21 05-18 06-24 07-25 08-05 10-24 164

D/d¥ 32 38 40 39 34 26 32 31 35 51

V81,852,834 SR I X AR TIT R 2R AT 1% P | BT R SR Y0 L e A0 BT 5 B R W0 HE K L 4E Wudan Town of Wengniuteqi, Kundu
Town of Alukeerqgingi and Tianshan Town of Alukeerqingi in Chifeng City of Inner Mongolia Autonomous Region, respectively; S4 . Ja/ g4 = Tl ik
B Shanxian County in Sanmenxia City of He’ nan Province; S5 Wt 5K 5 H i B Yuxian County in Zhangjiakou City of Hebei Province; S6: [

b4 AFETT T X Urban district in Chengde City of Hebei Province.

D BGS: Wizl Bud germination stage; EFS: #]{E3 Early flowering stage; FFS: BAE] Full flowering stage; LFS: K AE Late flowering stage;
LES: JEM-H Leaf-expansion stage; FFGS: A= Fruit fast-growing stage; FMS: 2] Fruit maturing stage; FDS: %5 Fruit dropping stage ;

DS &M Deciduous stage.

DD [l g B AR H a4 2% 59 KEL Difference in days between the earliest date and the latest date of the same phenophase.
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Table 3  Comparsion on fruit setting rate, seed weight per unit
projected area and seed oil content of Xanthoceras sorbifolium Bunge
in six plots tested

B B T AR T
N s SR 23R/ 9 - ~ s, B,
pd SRR e nt T amR
Plot" rate Seed weight per Seed oil content
projected area
S1 28. 14 42.10 33.34
S2 48.43 53.84 32.45
S3 35. 68 146. 64 35.64
S4 23. 14 14. 38 34.24
S5 25.89 63.83 32.71
S6 25.12 66.77 29. 80

VS1,52,83: 43 SR [ 36 X AR DA TIT () 56 2 R X5 PR BT
BRI HE S H G0 A B B R 0 HE R 1 81 Wudan Town of
Wengniuteqi, Kundu Town of Alukeerqingi and Tianshan Town of
Alukeerqingi in Chifeng City of Inner Mongolia Autonomous Region,
respectively; S4. T Fj 44 — ['] Wk 17 B B Shanxian County in
Sanmenxia City of He’ nan Province; S5 WAL A sk K 1 E A
Yuxian County in Zhangjiakou City of Hebei Province; S6: Ji/db4 &
8T 17 X Urban district in Chengde City of Hebei Province.
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Table 4 Correlation coefficients among different phenophases of Xanthoceras sorbifolium Bunge

MKZREL  Correlation coefficient

Y

Phenophase BGS EFS FFS LFS LES FFGS FMS FDS DS
BGS 1.000

EFS 0. 9335 1.000

FFS 0. 970%% 0. 9895 1. 000

LFS 0. 976+ 0. 985 0. 997 1.000

LES 0. 989 0. 92455 0. 969 0. 967 1.000

FFGS 0.767 0. 834 0.811 0. 833% 0.706 1.000

FMS 0. 980 0. 957 % 0. 976 0. 987 0. 955 0. 877 1. 000

FDS 0. 942 0.918% 0. 926 0. 946 0.891% 0. 92455 0. 9825 1.000

DS -0.813% —0.921%%  -0.918#%  —0.903% ~0. 840+ 0. 803 -0. 863 -0.795 1.000

DBGS: ZFEHiEhil Bud germination stage; EFS: #J1EM Early flowering stage; FFS: BEAE Full flowering stage; LFS; KAEW Late flowering stage;

LES: B} Leaf-expansion stage; FFGS: H:i# 4= 1] Fruit fast-growing stage; FMS: J#UY Fruit maturing stage; FDS: % #: Fruit dropping stage ;

DS: &M Deciduous stage. * ; P<0.05; s, P<0.0l.
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Table 5 Result of regression analysis of phenophases (Y) of Xanthoceras sorbifolium Bunge with longitude (X, ) and latitude (X,) of plots

YD S5ZERIH A Regression equation with longitude S5 RIH A Regression equation with latitude
Phenophase ! 772 Equation RY Ji#E Equation RY
BGS Y=-224.036+3. 023X, 0. 862 % Y=0.030+3. 173X, 0. 931 %
EFS Y=-357.661+4. 115X, 0. 969 % Y=-43.563+4. 105X, 0. 994
FFS Y=-336.773+3. 995X, 0. 92953 Y=-37.707+4. 129X, 0. 987
LFS Y=-301.206+3. 770X, 0. 9263 Y=-19.275+3. 909X, 0. 987 %%
LES Y=-339.496+4. 058X, 0. 829 Y=-43.410+4. 383X, 0. 921 %
FFGS Y=-117.204+2. 497X, 0. 865 Y=75.507+2. 440X, 0. 869
FMS Y=-147. 665+3. 003X, 0. 909 Y=T1.144+3. 104X, 0. 966+
FDS Y=-140. 554+3. 016X, 0. 906 Y=89.726+3. 008X, 0. 9303
DS Y=498.921-1.761X, -0. 853% Y=369.983-1.891X, —0. 942

D BGS: i1l Bud germination stage; EFS: #J{E] Early flowering stage; FFS: BAE] Full flowering stage; LFS: K {El] Late flowering stage;
LES: JEM] Leaf-expansion stage; FFGS: Ji# /4 1] Fruit fast-growing stage; FMS; SR#UY] Fruit maturing stage; FDS: %3] Fruit dropping stage ;
DS: 753 Deciduous stage.

D R. MK ZEL Correlation coefficient. * : P<0.05; #% . P<0.01.
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Table 6 Correlation coefficient between phenophases of Xanthoceras sorbifolium Bunge and climate factors of plots

MEZEEY  Correlation coefficient®

Yy YN ; ; NN ey
wRmS L 1A itk 7 H 49 B L BRI
Phenophase Annual mean Mean temperature Mean temperature Extreme high Extreme low
temperature in January in July temperature temperature
BGS -0.901 = -0.197 -0. 640 -0.541 —0. 841
EFS =0.911: -0.260 -0.570 -0. 586 -0. 691
FFS =0. 946 -0.239 -0. 620 -0.613 -0.790
LFS =0. 9253 -0. 185 -0. 655 -0. 600 -0.786
LES —0. 946 -0.266 -0. 604 -0.616 -0. 891
FFGS -0. 675 0.337 -0. 858 -0. 199 -0.501
FMS —0. 885 -0. 059 -0.737 -0.491 -0.784
FDS -0.792 0. 063 -0.770 -0.338 -0. 687
DS 0. 938 0.111 0. 658 0.643 0.728

MR  Correlation coefficient®

Wyt R i % - ~ aup)
’ > H RS =10 C Ak e =
Phenophase! T B R AR A
P Annual average Annual accumulated Annual precipitation Annual evaporation Frostless peroid
sunshine hour temperature of =10 °C uat precipia uat evaporatio OStiess pero
BGS 0. 839: -0.034 -0.716 -0. 484 =0. 933
EFS 0. 842: -0.549 -0. 851 -0. 185 -0. 821
FFS 0. 887 -0.628 -0. 847 -0.329 -0. 883
LFS 0. 858 -0.465 -0. 812 -0.324 -0. 894
LES 0. 905 -0.727 -0.777 -0.539 =0. 9453
FFGS 0.557 -0. 141 -0.611 -0.034 -0.570
FMS 0. 804 -0. 149 -0.735 -0. 361 -0. 878
FDS 0. 687 0.107 -0.628 -0.283 -0.799
DS -0. 902 0. 842 0. 958 0.234 0.720

D BGS: ZEHi S Bud germination stage; EFS: ¥J{EH] Early flowering stage; FFS: BAEH] Full flowering stage; LFS: K £ Late flowering stage;
LES: J&1Y] Leaf-expansion stage; FFGS: H# 4= ] Fruit fast-growing stage; FMS: J2Y] Fruit maturing stage; FDS: 7 %3] Fruit dropping stage ;
DS: 7% Deciduous stage.

2, P<0.05; #+ . P<0.01.
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Table 7 Correlation coefficient between phenophases of Xanthoceras
sorbifolium Bunge and fruiting characters

MHFEZRE  Correlation coefficient?
AN RERE AR

Py

WK B 2% A oh 3%

Phenophase"” Fn%t%fejing ﬂl?fﬁi ﬁJSfez {oﬁjl?
rate Seed. weight per content

projected area

BGS 0.976 0.610 -0.264
EFS 0.993 0.573 -0. 058
FFS 0.993 0. 584 -0. 105
LFS 0. 954 0.563 -0. 165
LES 0. 986 0. 589 -0.201
FFGS 0. 986 0. 601 -0.014
FMS 0. 987 0.617 -0.205
FDS 0. 968 0. 654 -0.227
DS -0.923 -0.492 -0.184
TGP -0.999x -0. 590 0. 155

DBGS. ZEW Y Bud germination stage; EFS. WAL Early flowering
stage; FFS: JE&AEH] Full flowering stage; LFS: KAEW] Late flowering
stage; LES: -3 Leaf-expansion stage; FFGS: B AR 1 Fruit
fast-growing stage; FMS: MY Fruit maturing stage; FDS: V& HL
Fruit dropping stage; DS: &M Deciduous stage; TGP & A K
Total growth peroid.

D %, P<0.05.
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