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Abstract

Aim: Determine the correlation between the crown structure factors of prickly ash and the yield to
provide the basis for plastic pruning and high yield management. Methods: The tree age (X1), stem
diameter (X:), crown width (X3), tree height (X4), plant nutrient area (Xs), plant standard branch
number (Xe), plant yield (X7), planting density (Xg) and survey value of yield per unit area (Xo)
were measured by adopting correlation and path analysis methods. Direct and indirect correla-
tion coefficients, Rz and correlation probability Z; values were used to evaluate the relevance and
importance of X;, X7 and Xo. Results: X; (or X3), X3, X4 and X¢; were apparently related to X7, and their
correlation probability values can be ranked as follows: ZX, 27.36% > ZX3, 25.23% > ZX,, 17.63%
and ZX;, 17.33% > ZX4, 13.98% > ZX5, —1.52%, while there was a conflicting effect existing between
X1 and X». Based on the results, simple models Mp-1 and Mp-2 and high-precision models Mp-3 and
Mp-4 used for evaluating X; were established. Moreover, it also indicated that Xo showed striking
dependency on X; (or X2), X3, X4 X6 and X7, and the order of their correlation probability values was
X7, 28.53% > ZX¢, 23.89% > ZX,, 21.60%, ZX2, 20.32% and ZX3, 21.48% > ZX4, 17.25% > ZXs,
7.66% > ZXs5, —7.99%, while X was the foundation to support Xo. According to these results, the es-
timation model of Xy was constructed, and the model built based on the X; value was MG2-1. The
rapid survey estimation models were MG3-1 and MG3-2, and the high-precision models were
MG2-3 and MG2-4. Conclusion: Prickly ash tree crown factors X3 and X; are the key factors affect-
ing plant yield, and the values of X3 and X¢ are closely related to the structural factors Xi (or X3), X3
and X;. Furthermore, these structural factors and the garden environmental factor Xs are the cru-
cial elements impacting the yield of per unit area of prickly ash.
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1. 518

BRIE LM LB 2520 5 1L XA SN 35%~90% [1] [2], A6 2 b 24 b4 RIS AT A 9 7T 19 Ui
1/5~1/3 [3] [4], HATEBYEHIG =ik 2~4.2 f5[5] [6] [7], MEAEFE 4 S fEHU™ & 88.4%~92.9% [8].
SR S A B E R M AT R b, BE S B RO S P A OGN R B, KRRt — iR
W™= 5o A8 45 84 5 P A SC BRI 98 2 BCR AR R JOB & e i ik, (A pr e UK = AN | . 15
W RWARR ., EINEMIRE S SR WS =B B DI9], iG] 5T
JA AR WA REAEOC[10]; fERR SR B, R, MM R, SR
PR R, R RIS 8 MR, R, R E, HIRIME SRR RETI[1L], B
MARR T B S0 28, B, JRRR ., SRMEAMARENS, mMEMEEE. TA. BEER 1
M RE BB R E[12]. fEEREW @At fRZEE, R JBRR . BR, AR
R AR, PR RES 8 MERT, RE. BRE, /RIS EXRREVI[13], EEE., WiEAs
FEURIBAAS T AR 8 U 2 5 i 9 2= i 1) = R LR R [14]
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FE EIRBE FEARGE T, 5 RS R SR AP R SR B (R XA OGP, 8] 4% A i A2 LE
T BRSO B IR AR BRLE, XTI SRR AR R
SPEIRRE., MR, DL, SRR M E A SRR R, KA R E ER—R MRS
PR R RIEAN SRR 5[9] [10] [14]; B FEAENSAH PR 2 i 45 R R M 336t 32 LA XA S I
(R S P PIR R RIS 70 W 6 10 2 R R R M T AT RE DR 406 AR S SR B A B 7 [11] [13] 0 A3k
FEOCEFEACAN 6 57 A R () B2 R R AT ARG PR AL 22 0 Hr, S5RTnT

2. BESSIE
2.1, BEMRFEER

2018 SETERRPEAEMIE = X/ MM . & PAEEE = Bk . WE IR, &L X WM. X,
ITHL TR (IR T12) s Xa iR Xo B Xs BRE FRMRL . Xe MRARIERIEL. Xy BRF 8 Xg ARAH % & (FRAL T
FAMRED . Xo BN AR B, ARREHL BB MREIRHILE 25 ¥RA2 AT, ASE 25 BRI ST . X, Al Xo HIfli 5
W .

22. FERKREEFHERE

Xy 5 Xo Heb: AAI IR X, B, AR ARTET 7 X055 X XAM A, BuAdL
BFRH Xy 5 X AR, X, = 0.6333X, + 1.7251 (R® = 0.9362, P < 0.01), X, FHEi#:H4%) 0.68 cm, Kt
STRTEURE 2T ] Xy = Xo/0.68 #e ait50HY Xyo

PR 5 S L= B R A . A MO &5 SRR K T 19 4) 50 em [15], PR BAKBE 50 em Al AL 2%
PREE AL S bR . PRI T R AT AT, Sl IRERT 3 Ak, S ARBTIURAERL 3 2%, KA. FRE.
TOEFRE R Y S A

FREAN L 1) BRI EAG BT E S TR RR R AR R R, IR E R 3k, TR
BIRRPR R R bR S B, T R R S FERR I BEE MU 5. JCP IR EEIER . 2) AL
AR P At A T IR P I DA A AR R B, A T DL 666.7 m® () M B ELA
TR EELEAR = s B TR EAR B kg=MR =& x AL A AR S

2.3. HiEALTE

FAR BRI AR R 73 K H pearson AHOCH 77k, HET RIES P& 1) “corrplot” Bik4T 40 #7[16]. H
A b5 DRI B [ 9 =] VA 23 BT R 2 e R ME R 1 773k, T R OB S SRR AT /0 AT [17]. @R
Wi+ RiE S F & H 1“agricolae "L 47 70 it o SCH & DRI F- AR S 1 I Bl /B 2 1 R 1B 5 °F & 10“ corrplot”
. FRATA RWMAEEMED, WET RIBESHM 3.6.1 A . #HE M Excel #IE1ER.

Horp, JUFPA RIS S AR E 3Bt 0 LUBUH SC R B ry (B R, (EEXP LA S22 X 5 Y I
FHOCHE L BB G BE S MH, B R B rv X 53 X 5 Y I B R AH 9% 2R 88008 Pyis Pyic [9] [10] [11] [12].
XU ry HRARCASEMG TR YL, i, ABTF SR Z, = (rY, /D 1Y) 100%, FH X;
5 Y 1) vy EEATH— A EE, DU 7EAH [RIEAE AT SR LR & X A T Y R

3. RS54
3.1. EIUAERHFRSIHE

TE 44 FE IR & TOR A T8 AR Ge T HE T, Al 22 AR X AR 0 Fi b A B AL T AR R 2 Xe AR FR TR Xs
AR PR Xy M X, A TAR (TR T42), ABBIAVE BRFEAR Xa el AN Xy B s 7 AR AR R X PRARHERL
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ML X B Xo AR BRI AEZE R (R 1) BiAh, B TSR PERR & X, fdh], £
BACHN S 7E 2.5 m /idy, RAAIEBTE BKF Z AOHUE R Tk 3.5 m Zitis X 2 BERRAEHUR (5 (9 13
AR 55 S T AR AR KL Xe RSCHE D

Table 1. The mean number and step difference of 9 survey target indexes in 44 plots
= 1. 44 DMEttrh 9 MBAEIRIRR B AR E

5 ¥5 survey target Xmin = Xmax X+S Ehx survey target Ximin — Xmax X +S
Xy Mg /a 3.00~28.00 12.95 £ 7.20 Xo MRATHEREL 3.54~506.00 95.81 + 89.26
X F42lcm 3.62~20.53 9.93+4.71 Xo Br= Ekg 0.23~24.44 5.78 + 5.65
Xs et ffi/cm 172.70~675.00  368.32 +93.53 Xg FAA7 HIFA R EL 16.29~69.65 44.70 £ 12.06
Xq B iEi/m 1.38~3.58 2.47 £0.56 Xo BAAL THIFH ™ H/kg 10.34~1118.70  256.49 + 236.06
Xs k& FR A m? 9.59~40.92 15.74 £6.31

H: Xo, B tree age/a; Xp, 4% near-ground stem diameter/cm; Xs, Jitifii crown width/em; Xa, #f75 tree height/m; Xs, #KE IR vegetative
area of plant/m?; Xs, Hk#5HER %L plant standard branches number; X7, ¥k % plant yield/kg; Xg» Hfir i AH#kEL unit area plant; Xo. A7
FA7= & unit area yield/kg. TIARA7 K 666.7 m?.

3.2. M= EMRERSH~ENEXERBRSH

3.2.1. WESHERM T ENEREREER N

KRGS Xi~Xe SH= 8 Xy BT CHERIBE 0T (6 2), S50 5 bR B A T A
Xo HRARERHL > X MR > Xy B X, T8 > Xy Wi > Xs MREFRTRL, Xov Xo F1 Xy I U E R AL ILH
TR K Koo Xo M1 Xy MEHEBZ RER K, Xou Xou Xy WIAHEEL BB T, (HAHEEL BT
Xi—=Yy Xg—Y LI Xe—Y HEARE, 1E Xo—Ys XY Ml XY JUFAGE. SEESHTE, X B
Xon Xav Xgv Xo RTRR= 252 4E H B2

Table 2. Direct and indirect effects between crown structure factors and plant yield of prickly ash

2. N EEHE RN R BN EER EEER

Pyic (indirect path coefficient)

X Fyi Pyi dvi = R? riPy
XimY XY XeoY  XeoY  XeoY XY z

X; 05692 02420 00586  0.1378 -0.1465  0.1309  -0.0879 -0.0029 04344 03280
X, 05808 -0.1510 00228  -0.0877  0.2347 01434 00937 -0.0027 04493  0.7310
X; 08345 02078 00432 01734 01525 -0.1042 -0.0923  -0.0003  0.6665  0.6222
Xs 04610 01442 00208  -0.0665 0.1476 -0.0982  0.1330 -0.0052 04269  0.6042
Xs  —00481 00110 00001  -0.0005 -0.0629 00378 -0.0062  0.0678 ~0.0974  —0.0610
Xs 09046 07489 ~ 05608  0.6775  0.404 -0.0906 01850 —0.0822 —0.0014 0.1511

W rvi= M9 A% correlation coefficient; Py = EL#5HZ R %L directly path coefficient; dyi = X—Y & &%k determining coefficient; ryiPyi = X
X R? . 5Tk X7s total contribution to R?; Pyic (indirect path coefficient) = [a]#8%22 Z 31

3.2.2. WEEHMERSH-RBRIENBE I

Gi~Ge 7 HrdlilZe 7 Hrah REEH], &R EZIEA BB BB HE Xe > X1 > X3 > X5 > X4 > Xp, [
BOBZ RAEEHIAE Xo > Xa > Xg > Xy > X > X5 (4 3)0 &K 3B, [HFR Xov Xov Xa 1 X XIHR B
(IR Y Py > Py A3 X XMk BRI ] 20K A TE, [H3E Xo M PP BIELIA Pys > ) Pg, B

DOI: 10.12677/hjas.2020.1011135 885 b k=


https://doi.org/10.12677/hjas.2020.1011135

FEffE &

EBAGURTUR IR TG P, A1 Y P K T2 5 21 Xy J5 P, AP, 5 X0 J5 Py A1 Y Py
LW XI5 P, BRI . BEIH 2 Xy B X AT T, X R (3 X, TA8) s Xo A X bR
HOR PRI LR, X B bR R B R4 P

Table 3. Eliminate insensitivity factor gradually, direct and indirect path coefficient on plant yield (X;) of each factor

%= 3. BEEARAHREG, SERMNHKTEX)EEREEBERY
? X1 ry; = 0.5692 X ry, =0.5808 X3 rys =0.8345 X4 rys =0.461 Xs rys = —0.0481 Xe rys = 0.9046
it
éﬂ Pyl z Py1c Py2 Z Pch Py3 Z Pyac Py4 Z Py4c Py5 z Pysn Py5 Z Pyec

AG
G; 02420 03280 -0.1510 0.7310 0.2078 0.6222 -0.1442 0.6042 0.0110 -0.0610 0.7489 0.1511

G, 02433 03267 —0.1543 0.7343 0.2190 0.6110 -0.1519 0.6119 0.7431  0.1569
G; 0.2646 0.3054 -0.2367 0.8167 0.1722  0.6578 0.7352  0.1648
G, 0.1081 0.4619 0.1818 0.6482 —0.1590 0.6190 0.7661  0.1339
Gs 0.0534 0.5166 0.1102  0.7198 0.7709  0.1291
Gs 0.0349 0.5451 0.1133 0.7167 0.7782  0.1218

TE: Py= ELHEAR RH Direct Path Coefficient; > P = @it /AU &t

TESHTE Gi~Ge 1, BT 3 IR 3 (Xo~Xe) 23 Bl 5 0K 77 B X7 SKIBRIIAH K REUAAE (K 2 ryi)s 1H 1y 2R
RS TR, X5 X RS T ry (B IIFEREAS ], T A ry; (R0 DA & 1) S it AR Xi—Xg 56
RAHHLAL R K IR AR GRS ZX X ry AEEAT IH— AL 3, b PR 5 & R SR & X, A GRS
. ZXg > ZX3 > ZX, Ml ZXy > ZX4 > ZXs (B 1(A))o B 1(B)IER B, EDHTH G~Ge 11 Xi~Xe HIIBEZ 22
PR Z IR, BL X KA REUR A HOGR X M Xg, Xo Ml X, KBS REULF RN AE . ZX FidE
2 RBRY, MR B Xy I B R DLIN 38 Xe e R IR Xg Xq Al Xo BB ZEVEANVE FHARBL, X, 1
TEREUN, Xs il LLEr 77,

—— — A

T — [1G, OG, &G, UG, WG, WG
- Zy,=17.33% .
T 2x=27.36% 23 __N

sk L el

B 1% 2% path coefficient

Zy,=17.63%
030 R ;

TTE . "

0.10 41| B D ¥

Il - - T | . — = 5l

1 1

0.10) 1 X, i X, N X, X,

H
A (0.30) - [KlFfactor

¥ =-1.52%

Figure 1. Correlation probability and path coefficient on plant yield with each factor of the G, - G¢ analysis group
L. G~Ge PTtAh E AR EH~ 2 EWHEXRRZ) RIBL R

3.2.3. WESHMERSH~EEREASH

B FL R R T B Xo 20 55 K R AT A A R, R BBRRAECAFE, 474 G~Ge P &
HES X X RBH S E 1 HH g EER(E 4). B 6 N4l FER R? 25718/, B R H
FIR/INR Gy > Gy > Gg > Gy > Gs > Ggs AN T Xy A2 B X [HI TSR, FTLA G5 5 Ge AR5 F2 A 1) #k
PEARL R ZZ IR/ e Gr~Ge A IFIHAHT S, Xy 5 Xo FERNA SRR AT A B AR, Xov Xo XIHE= & 15200
W5, DRI Gy AL1RIA 75 R0 PR B B P RO B bt

DOI: 10.12677/hjas.2020.1011135 886 b k=


https://doi.org/10.12677/hjas.2020.1011135

FEffE &

Table 4. Eliminate insensitivity factor gradually, regression equation between plant yield (X;) and various factors
= 4. BEEBRAGRED, #hm2X)5&BREMEYESE

nie:!

g&r\gﬁ:))/t(igg) numb eo%fT: f/al\\c%fr (NF) 4574 regression equation (RE) ﬁEo?‘QRRI’EZ
M1 G 6 X7 =0.2329X; — 0.2585X; + 0.0148X; — 1.5147X, + 0.0045Xs + 0.0464X; — 0.8684 0.8155
H2 G, 5 (%Xs) X7 =0.2331X; — 0.2603X; + 0.0152X3 — 1.5630X, + 0.0462Xs — 0.8102 0.8204
H3 G; 4 (EXsv Xq) X7 =0.2416X; — 0.3489X; + 0.0124X; + 0.0455Xs — 2.8241 0.8112
Ha G, 4 (FEXsv X2) X7 =0.0853X; + 0.0117X;3 — 1.6533X, + 0.0484Xs — 0.1930 0.8226
H5 Gs 3 (FEXsn Xav X2) X7 = 0.0405X; + 0.0075X; + 0.0484Xs — 2.1392 0.8118
H6 G 3 (FEXsv Xav X1) X7 =0.0325X; + 0.0079X; + 0.0488Xs — 2.1430 0.8197

£ Gi~Ge /M4, & ZN R? ST, [ Xow Xa JEH Xo U TTMRIR K, 1825 BRI R R Xoo
Xy F X XoF R® B TTBR LT A 8, AHEBR Xy JFRERL T Xo I IE I TTRRAA s Ga~Gg ZMHTAL Xo I TTHREIZ A5 42
Tty 25Br Xa A1 Xs WL FETE Xy FEAIR Xa ODTHRAE,  23BR Xo AT Xo W AR Xy BUDTHRAEL,  25BR Xon Xo A X5
B AR Xy FAIR Xs IO DTHRIEL (S 5) IXRIIMR B, ER Xo B Xon X F1 Xe BOHABA ZRE 2, B
1 Xg BV EVEAXTRAR, ATAEERER Xso

Table 5. Eliminate insensitivity factor gradually, the total contribution of each factor to R? in plant yield (X;) analysis

5 BHEMRFGER, H=8B(X)HhEERN R 2RI

Pan e % 748 B0 |1 U5 5 FER2 (1 & Tk the total contribution of each variable to the RE R?
analytical group (AG) X, X, Xs X4 Xs X
G, 0.1378 -0.0877 0.1734 —0.0665 —0.0005 0.6775
G, 0.1385 —0.0896 0.1827 —0.0700 0.6722
Gs 0.1506 —0.1375 0.1437 0.6651
Gy 0.0615 0.1517 —-0.0733 0.6930
Gs 0.0304 0.0920 0.6974
Gs 0.0203 0.0946 0.7040

Sk, AR R EA X 5 Xy K REE B, o EH AL { Xy Xp X X, )
{Xza x37 X4; X7} ~ {le X3a X4’ X6: x7} & {xz’ ng X47 XG: X7} ﬁ?f@uaé}*ﬁ’ g%f%“ﬁ?% X7 EUEF%%
Mp-1. Mp-2. Mp-3 Fl Mp-4 (5% 6).

Table 6. Combination and the regression model of X;
6. FHAES X, HE)IER

HE FHEE X EF A

Combination V45 HE regression equation (RE) R? S P
Mp-1 X7 =0.1055X; + 0.0517X; — 1.6607X, — 1.6607 0.8451 3.1288 5.7706E-11
Mp-2 X7 =0.0707X, + 0.0532X; — 1.3882X, — 11.1032 0.8404 3.1727 1.0024E-10
Mp-3 X7 =0.0853X; + 0.0117X3 — 1.6533X, + 0.0483Xs — 0.1928 0.9160 2.3776 5.8314E-15
Mp-4 X7 =0.1087X; + 0.0109X; — 1.5846X, + 0.0494Xs — 0.1254 0.9146 2.3968 7.967E-15
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77 1% Mp-1~Mp-4 () R* ¥ KT 53 3 i R?, B 7 FExd MR 2= B 1 25 5 5 Sz bRl 54 22 1R /. P
<0.005. VAR R, X Xe HIAEM 22t 28 Jy, DRIk, Bk 77 & KPRk B2 SR AN S . Al Mp-1
B, Mp-2 B8 R FLAR bR, WO ik P S I DA RS B B R B . AT F Mip-3 B Mp-4 #5788 & Ho AR bRt AT
R

33. EMFBHMMERS RAIER(666.7 M) TRBAMEXERBL S

3.3.1. WEEHFMHEFEER RAUER~ BN EER R

W 568 485 1 TR 35 Xq~Xg (FL 1 X 1 X A2 MRUIE R 15 (R 30) 5 AL T AR ™ 8 Xo AR S FIE 28 43 Hr 4 3k
B 7), SRS AL AR B R A DG R B ry EAR IR X7 > Xe > X1 > X3 > Xy > Xg > Xg > Xss Xon
X7 K Xg HI L2 RE dyi (EEEK, Xon Xan Xan Xo T Xg X R? HUR STBRB B K, BLEEM LA R8Py fi X7 > Xg >
X Fll Xg > Xg > Xg > Xo Fl Xz [AJHEEZ RELZHN X, > Xo > (Xin Xg Fl Xg) > (Xso X7 F Xg), (HIAIHEIEZ R
HAE Xi—Ys Xgo Yy XgoY XY K Xe—Y HANIEE, £ X—Y. Xs—Y Ml Xe—Y JLT-AME. 47
BNV, X8 Xon Xan Xgn Xe F Xo X SR AR 72 5 (0 B2 M A FH B A

Table 7. Direct and indirect effects between crown structure factors and unit area yield of prickly ash
7. MR ESEHE RN RUERSENEREREREER

Pyic (indirect path coefficient)

X Tyi Py di=R®  ryPy
Xi—Y Xo—Y Xz—Y X—Y Xs—Y Xe—Y X—Y Xg—Y >

X, 07105 0.1758 0.0309 0.1249 -0.3720  0.1307 0.0343 —-0.0345 -0.1042 0.7701 0.1098 0.5342
X, 06685 -0.3835 0.1471 -0.2564 0.1705 0.1427  0.0373 -0.0273 -0.1067 0.7597  0.0773  1.0535
Xs 07068  0.1720 0.0296 0.1216  0.1336 —0.3183 0.0353 0.0086 —0.1130 0.8325 -0.0407 0.5380
Xs 05676  0.0504 0.0025 0.0286  0.1195 -0.2838 0.1204 —0.0086 -0.0866 0.6140 0.0448 0.5196
Xs —0.2629 0.1437 0.0206 -0.0378 —0.0422 0.0729  0.0103 —0.0030 0.0100 -0.0937 —0.3580 —0.4037
Xe 07861 -0.1256 0.0158 -0.0987 0.1459 —0.3260 0.1548 0.0348 -0.0115 0.9054 0.0122  0.9156
X; 09387  1.0407 1.0830 09768 0.1301 -0.2800 0.1376 0.0297 -0.0129 —0.1092 0.0041 —0.1007
Xs 02519 04068 0.1655 0.1025 0.0475 -0.0729 -0.0172 0.0055 -0.1264 —0.0038 0.0104 —0.1568

FE:orvi= MRREG Pyi= HEBARYG di= X—Y REREG riPyi = X0 R? LR TTIR: Pyic = [aH584 250

3.3.2. WESHFHEMMEERS B IR~ EERNEZ S

BE TS RF Y, SIHTAL GT~GL2 I K K Py i3 X7 > Xg > X3 > X5 > Xg > Xy > X F Xg5 D Py
[FIREHE Xp > Xo > Xy > Xg I Xgo HRBEN Y Py HOUE(E 8)o UEAL, Xy B Xo 15325 LRk Py I
Pyoc H IV ELAERZIN, J3Bk Xo B RARTE Pyae M Py f, & LFRTULFEAC Pys Fl Pyge (B o XU, Xq WS (Ek
Xo TAE) s Xa T Xo MRAREA: B P2 BT B SR, X A0 R0 P2 T AL ORI VR, (EIRI 2R X AT X,
TE7= 543 AT A AH EL 55 o

ST Go~Gp 1, 2 R 35 5 A THI AR 5t Xo HIAH SREZAH ZX; > ZXg > (ZX1-ZXo Bl ZX3) > ZXy > ZXg >
ZXs (4 2(C)). 7E Xi~Xg HIHZ 2B E (5] 2(D)), 2 ZBUH B BAR KRR X7v Xga Xav Xin
Xs Ml Xygs Xo FlI Xg A BREU LTI Ul . 258 ZX B RECT LI, MIRBA AR B X,
(LR Z R Xo Rl Xeo Xy B Xo FFEFIARIAL. AT de—, Se0E Xav W Xy RIARAEZEE Xo R JERH, Xo [
LLEr 37
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Table 8. Eliminate insensitivity factor gradually, direct and indirect path coefficient on unit area yield (Xo) of each factor

8. BELEMRIHRIL,

SRR BUER~EX)ERREIZBERY

Xiryi=0.7105 Xory;=0.6685 X3ry3=0.7068 X4rys=0.5676 Xsrys=-0.2629 Xgrve=0.7861 X;ry;=0.9387 Xgryg=0.2519

Ae Py  ZPyic Py ZPyic Pyi ZPyic Pyi ZPyic Pyi ZPyic Pyi ZPyic Pyi ZPyic Pyi ZPyic
G; 0.1758 0.5342-0.3835 1.0535 0.1720 0.5380 0.0504 0.5196 0.1437 —0.4037 —0.1256 0.9156 1.0407 —0.1007 0.4068 —0.1568
Gs 0.3036 0.4064-0.5141 1.1841 0.2100 0.5000 0.0776 0.4924 —0.1489 0.9389 1.0037 —0.0637 0.2726 —0.0226
Gy 0.2478 0.4622-0.4245 1.0945 0.2198 0.4902 —0.1379 0.9279 1.0078 —0.0678 0.2798 —0.0298
Gy —0.12320.8332 0.0823 0.6277 0.0333 0.5367 —0.1379 0.9279 1.0628 —0.1228 0.2813 —0.0313
Gu —0.11430.8243 0.0976 0.6124 —0.1336 0.9236 1.0599 —0.1199 0.2840 —0.0340
G —0.1811 0.8511 0.1597 0.5503 —0.1140 0.9040 1.0407 —0.1007 0.2934 —-0.0434

115 - D

G, 0G, »G, G, ™G, WG, 4
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o

=)
L
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J81% 230 path coefficient
o <)
= »
W (=]

(0.10) 4

(0.35) A

(0.60) -

[Al-Ffactor

Figure 2. Correlation probability and path coefficient on unit area yield with each factor of the G; - G,, analysis group

E 2. GG, HHTAH R RS B E R~ B (Xo) BIEXFRZ) RBL R

3.33. WELAHERS R ERA~EEEYISH
BIL F Bt AL TR B Xo SN 55 I R R BEAT B 0 Ar, SRR KRR RN A, 24l
Gr~Gpp % K38 15 Xo FAH I SR BUE 5542 1 P vy B2 5772 9) AR 6 MM HT L IR F 7 R R 22 S AR/,
(8RB R /NEATT X 43 K22 AR/ BT G7u Ge Ml Gg > Guov Gyl Gps BEAE, Grv Gg 5 Gy
2RI A 05 R P B EE R AL AR KT MR K. BT GG AL P I RRAEZE SRR, X5 X,
FERNATTREF AT AH AR, Xon Xo XF P EAIFEMHTS, (AL Gy A1 Gop 4LIAT A5 RN B [T A B B T
MR A

Table 9. Eliminate insensitivity factor gradually, regression equation between unit area yield (Xo) and various factors

9. BEERIHRIL,

BAIEAE (X)) S B RER RIS E

T4 . . . 2
%ﬁ}gﬂ = A HINF [5] )97 F2 regression equation (RE) RRgf
G 8 Xo = 13.5001X; — 34.4922X; + 0.6851X; + 33.5516X, + 3.8854Xs — 0.8064Xs + 20.6722%; gy
7 + 7.0752Xs — 508.4605 :
G, 7 (5% Xo = 17.0705X; — 40.2267X; + 0.7704X; + 42.1667X, — 0.9019X; + 49.6396X; +5.3252Xs ) e,
— 393.0553
Ge 6 (£ Xsv Xa) Xo = 15.0906X; — 34.9549X, + 0.8104X; — 0.8458X, + 49.6442X, + 5.4893X; — 349.0807  0.9543
Go 6 (Xsv Xa) Xo = — 3.8020X, + 0.3145X; + 17.1426X, — 0.7898X; + 52.7480X; + 5.6044Xs — 333.4204  0.9416
Gu 5 (£Xse Xav Xo) Xo = — 3.4698X; + 0.3584X; — 0.7716X¢ + 52.5704X, + 5.6607X; — 317.4804 0.9432
G 5 (£Xse Xav X1) Xo = — 10.7770X, + 0.5410X; — 0.6749Xs + 51.8692X; + 5.9501Xs — 342.8709 0.9488
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B[R o [ H T FE R (B DTS [F (7 10), TR Xav X Ju3E Xq MITTHRIR K, Xe RN D LBRIV X, K
Xs X R® MTTIRB N Mt LAt B0 ZRRERERARE RIS R (L TTRTE A AR, X R? BTk {E K
BLRAE N Xy 5 X HEMPR . 8 X BIR R Xg AT LR R IRMT Xeo XRH, AL 8 E
PIZR Xy (B X2)v Xav Xan Xq A1 Xg RERMER, £E T A7 TR BN AT HEER Xo A1 Xs LA Xqo

Table 10. Eliminate insensitivity factor gradually, the total contribution of each factor to R? in unit area yield (X,) analysis

% 10, BHERTHBE, BAERE XA EERS R BREAFMA

B AR X [ VA R R? P TR

AG
X1 Xz X3 Xs Xs Xs X7 Xs

Gy 0.1249 —0.2564 0.1216 0.0286 —0.0378 —0.0987 0.9768 0.1025
Gg 0.2157 —0.3437 0.1484 0.0440 —-0.1171 0.9421 0.0687
Gy 0.1761 —0.2837 0.1554 —0.1084 0.9460 0.0705
Gio —0.0875 0.0582 0.0189 —0.1084 0.9977 0.0709
Gu —0.0812 0.0690 —0.1050 0.9949 0.0716
Gy -0.1211 0.1129 —0.0896 0.9768 0.0739

AU IR AR 8 Xy [0l AR 55 2 T Xe BT T S (LT AR ™ B Xo, fERR™ B X5 2 A RF LI
TEMRBRHERCEL Xo 15, ik, MRHE UL EBEAEIRGHT & X5 Xo FAHSCIEA R Z M PP, FORLk
T Xo R4 A, K& EERRRARMERE X WAAE MGL 234 {Xg X X}
{Xp X5, Xy Xg, Xgi Xgb v {Xp Xg Xy X, Xgs X} » BEHFERKHSE X M41E MG2 451 A
(X3 Xgi Xg b~ { X0 Xyu Xqu Xgi Xof o {Xp Xg0 Xy Xq, Xgi Xo b+ { X Xy Xyy Xq, Xgs X} s o X F Xy
I & MG3 R { Xy Xg, Xyo Xt Xof v {Xpr X5 Xyy Xgi X BIUARERIINZE 11,

Table 11. Combination and the regression model of X
11 BEES X HEYIHEE

He FHES Xo [ A=A
Combination [5] )7 72 regression equation (RE) R? S P
MG1-1 Xg = 2.8368Xs + 4.4977Xg — 198.0780 0.8190 140.0497 1.0100E-07
MG1-2 Xg = —0.5860X; + 0.5033X3—13.4722X, + 2.3546Xs + 5.0670Xg — 326.0750 0.8222 146.7294 1.0100E-07
MG1-3 Xg = —14.4057X, + 0.7589X; + 8.6419X, + 2.6285X; + 5.9336Xs — 405.4520 0.8289 144.1477 6.6400E—06
MG2-1 Xo = 45.2437X; + 4.8047Xg — 217.4920 0.9702 59.1115 1.3800E-18
MG2-2 Xo =—0.1264X5 + 0.2988X, + 46.9886X7 + 4.7109Xs — 177.9118 0.9706 60.8811 2.7400E-16
MG2-3 Xo = —5.5547X; + 0.0581X5 + 13.4617X, + 49.0713X7 + 5.5905Xg — 259.2874 0.9737 58.7632 7.5877E-16

MG2-4 Xg = —14.5938X; + 0.2744X3 + 26.9193X, + 48.4771X; + 5.7937Xg — 305.3482  0.9771 54.9037 7.5877E-16
MG3-1 Xo = 7.5678X; + 1.6155X3 — 7.1035X,4 + 4.9706Xs — 629.9217 0.7850  156.6788  2.2565E—-05

MG3-2 Xg = —2.0964X; + 2.0622X5 + 15.3817X4 + 6.4253Xg — 797.9958 0.7773  159.1157  3.3600E-05

IR 3 A AU T RS Xg F TR 25 B SR AR 2 R R, P < 0.005, {EAEAIL4] MG2 ) R AT S
ST HARPEZH, MG3 ) R A1 S {EAHN 2 . Rk, A& X, MiRah{E, 16/ MG2-1 #Y
PR B AR P2 B Xo B0 AriE, WIE R Xo VPG FE ATk F MG2-3 Fil MG2-4 #5751 an BExt Xo HIPEAS
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K ESR AR, HARAERE Xo WA, Tl MG1-1 BAIPRAL HY Xo; T LB/ Xo F1 X, 125 K4z,
U Xo JEATHELE A4 0, A1 MG3-1 Fl MG3-2 i N &iE. Ak, MG1~MG3 [EIAREALE % 9 (i AU AH
F#, MG2 BB RP(H > % 9 FZMAL > MGL > MG3, {H#£ 9 A8 7 1 [RIIN 4 A R 25 Xe F1 Xq, 10
FREL X A1 X7 R A O AEFE I R TR 2R Xiv Xon Xav Xan Xsgo

4. FHES %
4.1. ¥ig

R e P ol R 3t 7 B 4 4 RS2 i 5 R G, W SEAR S AU Bk RO R I ), SRR
PR ORI R S B R R A MR [18] [19]. FEAHETEH, AR X, SRR Xow TR Xoo
MR Xav B Xan BRE TR Xo FIBRFRHERCEL Xo RERIMER B VIR AR (1] 3(A)). Horb, 3 Ktk
FRBLE IR Xs B B XF Xy F1 Xy BN (Xq AT X AT H LAY s Xy (B XQ)FEXT X i 0 S0 () i
W, 0 X HA YUE AR, [AIE SO Xe 1 Xo BEINZKSFAS [ BT REMA s Xo BERTE PEXT Xo HaHN T 5400 XL
Z B0 AR BN T Xgy Xo X Xo M0 ELEAE AR BAR . FHXE X B —2 BEH, Xe Xt X, A
BRI Y R o SCHRIRIE, ZSMI e AR L b B, 2R RE L 28 EE S PR P i 1 (R 3K [ 20],
M E, FRARRR m T IR A RR Bk S R [21] . IXFRHE, HAR Xo B Xe SR U e B e B R 2,
{HIXPIANR 2 SR ER Xy (B Xo) Xa T Xy BISCHEARFE K, 3B it — BB R IT Xo A1 Xo B PRTE7K T
SR =R R .

T SRRk, Y MEVEH the solid arrow shows the decisive role; REZRATSk, YR K )48 H the dotted arrow shows secondary and
indirect effects; ¥R, 5®1EF dark circles show strong effects; R, B §51EM light colored circles indicate a weaker effect; Xi,
P4 tree age/a; X, 4% near-ground stem diameter; Xs, jEfii crown width; X, #7& tree height; Xs, #E 71! vegetative area of
plant; X, BRARAER%L plant standard branches number; X7, #k7= & plant yield; Xg, #4E % unit area plant; Xo B4 TH A% & unit area
yield.

Figure 3. Interaction relation of various factors on plant yield X; and unit area yield Xq

B 3. BFEREMHRTE Xw BAUEAE X WEEXR

4.2. &g

IEPEACHU AL LR 2 X S . Xo TR Xo el X Wi Xs HRE FRMIAN . Xo MRARTERIEL, RH
BAMM I X~Xe 5 X BRP= R R, FIFMMER 2X Fx RZ B TTRRITA X X T X, S
ZERRM, Xo (BUX0) Xav Xan Xo 5 X7 HEAHIG, Xe MIEZNE > Xo > Xy F Xy, H Xy F1 X, A AH H LA
TER, Xo X X SCHEAERIBUN, Xe T LA 3, HEREL Xo H AR A MEBEROR . Huk, Wkt X 4 BEERA
B, AT Xy (B X)) Xav Xgo FEF Mp-1 88 Mp-2 BRIPEAl ) Xos S0t Xo A% B R4 vy, Al inif 25
T X~ FiH Mp-3 B Mp-4 FRPEAE 1 X.

FIFHACHIP A BRIR R Xov Xov Xav Xan Xon Xon Xo FIARAE S E X A, KA FFETVEDHT X~Xe
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HRATHB & Xo KR, PN Xi 6T Xo MEZEM:. SRR, B8 Xo & Xp (B8 X)v Xas
Xa~ Xo A1 Xq HAHSAE IR, Xe ARMIRR Xo HIFERE, Xo 5 Xo KT Xo EFIMIFE . Xq W1 FH B IMERE DL
7, X ATLAE T Hih, @A T ATSEMERURS AR Xo AR, a0 R OSRASMRE X, (A
MG2-1 £l Xo B & ; HEHE Xy (B X)) Xgv Xav Xov Xg [ MG2-3 B, MG2-4 #5#Y, T $ 5% X f
PEAS RIS L AR Xo AT Xg AIEEAE, 7T F MG1-1 BRLIEAL X, (ERGHHRE A m: QSR pd 347
BRI A, TR Xy () X))y Xav Xgn Xgo FFH MG3-1 Al MG3-2 # AL PEAhi HH Xo {H

E&WE
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