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Abstract: The analysis method, type, and mec hanism of the stability of azadirachtin content in neem
(Azadirachta indica) cultivars were discussed in order to explores the methods to establish the stability analysis
of the quality and quantity fraction of neem cultivars, and probes into the stability types and mechanisms. Based
on data obtained from the mass fraction of azadirachtin in seven neem clonal seeds, the effects of five analytical
models (Stability Variance, Finlay-Wilkinson, Eberhart-Russell, AMMI-1, and Environmental Variance) from the
stability assessment of azadirachtin components were compared using a SAS PROC MIXED procedure. An
Akaike Information Criterion (cuc) of maximum likelihood value was also conducted to evaluate and select the

optimal model and to deduce stability types and mechanisms. Seeds were collected from 6 superior cultivars
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(Ld0505, At0515, Ww0401, Dhg0507, Wx0423, Wx0416)of pesticide type neem and average neem (ck), and
the experiment was designed with random complete block design, with 7 cultivars being one plot and 3 repeti-
tions (plants spacing 4 m X 4 m), and then azadirachtin concentrations in seed kernels were tested. The results
showed that the cy values of azadirachtin A and azadirachtin B of Finlay-Wilkinson and AMMI-1 models were
the minimum, respectively —17.3 and —5.8. The stability parameters of the mass fraction of azadirachtin A and
azadirachtin B were basically the same, and the stability sequencing was Wx0423 >Wx0416 >Dhg507 >aver-
age wood (ck) >At0515 >1.d0505 >Ww0401 and average wood (ck) >Wx0416 >Wx0423 >Dhg0507 >
Ld0505 >Ww0401 > At0515. The significant difference in effect between azadirachtin A and azadirachtin B
was extremely significant (P<<0.01) and significant (P<<0.05), respectively. It was proved that the stability of
azadirachtin A and azadirachtin B would change predictably with the change of environmental conditions,
namely dynamic stability, and their genetic mechanism was controlled by heredity. Finlay-Wilkinson and AM-
MI-1 are suitable for the Stability analysis of the quality quantity fraction of neem seeds, while the Stability
Variance, Eberhart-Russell and Environmental Variance models are not applicable. The stability of azadirachtin
A and azadirachtin B was dynamic, and the stability was mostly dependent on individual buffering. The com-
prehensive evaluation of stability based on multi-model analysis is more efficient. [Ch, 5 tab. 25 ref. ]

Key words: forest tree breeding; neem (Azadirachia indica); cultivars; azadirachtin; stability; models; mecha-

nisms

ENBR Azadirachta indica JE W R 35 A AR 2GR0 ENBRER (azadirachtin) UK BT EDBR A 44, 2 H AT
HEF E R U5 M RAR =R Zy . ENBREZENBRE A, B, D, E, F, G, H, I, K, L, M, N&—RJ%
LS W GERR, HAPETBR A MEDBR B 2 EZ M. AR PEITRMERIR A R, REMRT
ENBRJE Azadirachia ¥, 5 R0 A 0045 AT S MEE — R ARAT O 3K BIFSEIN ERBRON AR - Bl
FAMARR IS S 320, WSS AR BB A b DR SR 0 RO 2R DR (G) 5 BB (B) BAR RO, BEAT
sty o ETVAR R Jo R 0 R S R R LR TR, R AR AR EDBCR AR B R e — o Ik, TR EDRR
sty Rl ERER i 0 B MW 90 A T 208 S AR IR RE 1 I 1 R 3t 1 5 i e B R ) AR A LA I T A
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ity FEA G i B R T ENBR R AL R EMEC AT ST, (B2 R il R T BRI 420 AR MR YR LR
1 o AT Z A 7 A4k 24 T BB ah Bl R 1 EDBR ZR 21 0 iR 0 B0 0 A Bl . R T SAS PROC
MIXED 15, O S ol F b B E A1 o A T A AR it A of 5 B R 4 20 A k20 M v ) 0 A 8 R
I Akaike {5 585 E N (cne) PEHT FIIE $5 di AR 5 AR 0 A2 P S L 19 1 SCRIRR A2 1R A JATL ] F) 2 w2
ULHEBTREUE PESSRUANALE] DRk EBR by Bl ERVBR 38 5 ik 20 BORE M A O A S PE AR 2, 5 AL ) i ol
T s PEWF T BE S ek, T 3R 4 S D Ak 24 T ENVRR by Joi 77 488 (36 LI AR 30

1 AR5 7

11 XRHIEREER
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Br, EPBRER AB 9350 EDBRER AB=EIBRER A+EIBER B,

T FENBER A EDBRER B FIENHRR AB F%Eﬁj\%@ﬂféﬁf'ﬁﬁﬁ Excel 2007 B4 #4738 58 1 F S8 pRi
Bok e Bt n BUE R — A i A 1 R, LUB R T, G E 3 RIUREIBER A s iR
2= B EEIBR AB, MR FIERSE . g —/\%ﬂﬁmi‘ﬁﬁhunﬂ‘fﬂ‘ﬁﬂ“ﬁﬂﬁﬁW%E’EB‘HZ@{EO BN
A, EIBZE B, EIMEZE AB B 5 Fl-2b 5 P 0 2620 9 A wdxazA, wdxazB, wdxazAB S fE A SAS 2 55 [
[] sasuser,

12 BREUSHERBSHZE
Stability Variance, Finlay-Wilkinson, Eberhart-Russell, AMNM-1 I Environmental Variance 5§ 5 Ffi fi
TS i A AR B o W TR E P B B . ey T (a0 dl D i -0 B 415 A PR G FE A2 5000 )
Wi, AHFFEHT S 5F£F'7l‘§ PE I3 AT RS 5 07 15 O A BRI R B R X, 5 Bl AR E 1 20 M A R 1) — R 3R ik
A, R I 4 b PR A AL TE K
13 REMRBSTHER

FRIRBIRIGE—iz F] SAS H i iy PROC MIXED 72 F #E e gt 47 70 . B4 UN(L), FAL(L), FA(L),
FAL(1), UN Jj 22 thJ5 22 450 W 2 TR A B BUAR K %5 4 T Stability Variance, Finlay-Wilkinson, Eberhart-
Russell, AMMI-1, Environmental Variance F 8I1 [5] 5 %% W 75 22 Z50R FH BR i A R AR 4k 3 (REML) £
i, RO 2E S WA E ¢ KA [ i BOR T Satterthwaite #5445, BUFIA PROC MIXED gEAT8dls o drit, 76
MODEL i&A)sh38 i “ddfm=Satterthwaite” . F&FAb I {EFIHE (1) & A28 PR AL/ BT i SAS RPN 1 iR .

F1 sxm-IREAE S ELE 5 MRE S TEEM SAS 25 4
Table 1 Syntax for the SAS commands to fit 5 stability analysis models for cultivar-environment treatment mean data
Y A

proc mixed data=sasuser.wdxazA &Y sasuser.wdxazB m sasuser.wdxazABscoring= 20; class G E; model

SHRL T=G/ddfm= satterthwaite;

L it
Stability Variance 157 random int/ sub= E; repeated G/ sub= E type= un(1); run;
Finlay-Wilkinson 1% %1 repeated G/ sub= E type= FA1(1); run;
Eberhart-Russell 57! repeated G/ sub= E type= FA(1); run;
AMMI-1 #&#1 random int/ sub= E; repeated G/ sub= E type= FA1(1); run;

Environmental Variance fi{%! repeated G/ sub= E type= un; run;
Y] * AAT B 81 3 R L BEAE A 3 R =22 i
14 BERTH SRS
A A AR LR A REML U145 i, RURLIR AR B9 17 5 ek v DU PP A A0 8 de AERR AR, o Akaike {5 8

HEN (Akaike’s information criterion, ¢yc)™

cnc=—2InL+2q (1)

(D) InL SRS R RUAR(E Y B AR XS BB s ¢ IR b Al T 7 22 000y 228 dcH o (1)
A I T IUAT A Sy A e A R I R S I R — DR, 5 2 IﬁTﬁ’iﬁﬂﬂﬁﬁMﬁ*”%ﬁ"
Oy — RV A TN AT, BRI G RBOR G, T R AT AR A S8R H R AR,
¢ e fE /NI R g g AR A . FEF ] SAS iy PROC MIXED F2 /5 #4770 Hr i), cac ﬁ/lﬂEEl%'FITLEZﬁJ
i

Fig HEOX) S A AN B E R 2 ﬂlﬂ’]ﬂi)&ﬁﬂi@ﬁ%nﬁﬁ?@ﬁ%éﬂﬁ R E R A, MR
ALIARD 27 2 oh P "# 15, 456 AT Bl AT 7 UR %*%Eﬂﬁ@unﬁﬁ‘?l?ﬂﬁ??ﬂﬁ it kR E B
BB

2 RGN

21 mM-FRASAENENERSE T
R2 N TAEF-IRE AL G A B R OA G A R . T 25 bR SRR HO R AR A i R K A e A
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AORFAEAE, L TR LA RSP S B 2 BB R 2 e 2 8. T 25 . WelEiR T LR Y, 7RI 3R 5%
{lzlillj\]7/\5ﬂunﬂ“ﬁ?ﬁ%f%ﬁéﬂﬁﬁ%iﬁﬁﬁﬁ S R S R E PN ]

R2 mM-RIEASLEHENEIASEIT

Table 2 Description statistics of cultivar-environment combination process

EPBR R A/(mg-g™)

i SRHE IR TR R 2
Ww0401 Dhg0507 Wx0416 Wx0423 Ld0505 At0515 ck

JGIH 6.5 6.5 55 6.3 8.6 7.1 4.5 -5.25 0.01

JuiL 7.0 6.6 59 6.4 7.8 7.3 5.0 -5.24 0

TEIE 7.1 7.0 55 6.0 8.2 7.8 49 -5.23 -0.01

SEHE 6.9 6.7 5.6 6.2 8.2 7.4 4.8 -5.24 -

iz 0.001 0 0.000 7 0.000 5 0.000 4 0.001 6 0.001 3 0.000 7 - -

R/ % 3.21 2.65 2.31 2.08 4.00 3.61 2.65 - -

SRR UE TR L o 1.10 0.90 0.79 0.71 1.37 1.23 0.90 - -

B AR B/(mg-g") SRUEHRA SRR 2

Ww0401 Dhg0507 Wx0416 Wx0423 L.d0505 At0515 ck

JGIH 22 1.4 1.0 1.1 2.4 2.1 0.9 -1.19 -0.01

JCIL 1.8 1.4 0.9 1.0 2.5 2.4 0.9 -1.19 -0.01

TG 1.4 1.3 1.0 1.0 2.3 1.6 0.9 -1.21 0.01

SEHE 1.8 1.4 1.0 1.0 2.4 2.0 0.9 -1.20 -

= 0.001 6 0 0 0 0.000 1 0.001 6 0 - -

Fr 1 152/ % 4.00 0.58 0.58 0.58 1.00 4.04 0 - -

- FRE R LA @ 2.60 0.38 0.38 0.38 0.65 2.63 0 - -

R FR K AB/(mg-g”) B FRBHRC 2%

Ww0401 Dhg0507 Wx0416 Wx0423 Ld0505 At0515 ck

JGKH 8.7 7.9 6.5 7.4 11.0 9.2 53 -6.43 0

JGIL 8.8 8.0 6.8 7.4 10.3 9.7 57 -6.42 0.01

TEIE 8.5 8.3 6.5 7.0 10.5 9.4 5.8 -6.43 0

SEHE 8.7 8.1 6.6 73 10.6 9.4 5.6 -6.43 -

iz 0.000 2 0.000 4 0.000 3 0.000 5 0.001 3 0.000 6 0.000 7 - -

R UEIR % 1.53 2.08 1.73 2.31 3.61 2.52 2.65 - -

bR TR LA o 0.65 0.89 0.74 0.98 1.54 1.07 1.13 - -

YLl —RIR I AT

P 15 5 O 2 AR 1 15 LU AR (@)t 2 5 T DL RO 380 2 BB R e S 8 IR 3R 2 & BB AL
T b EP R 28 20 73 I i 20 B0 @ K/, AT HEAT B b BB 2R 0Tt 0 508 PE RN 0D 20 HE )T o

EIMRE 2 A: Wx0423 (0.71) >Wx0416 (0.79) >Dhg0507 (0.90) =ck (0.90) >Ww0401 (1.10) >At0515
(1.23)>Ld0505(1.37),

EIfE 2 B: ¢k(0.00)>Dhg0507(0.38)=Wx0416(0.38)=Wx0423(0.38) >1.d0505 (0.65) >Ww0401(2.60)
>At0515(2.63),

EIREZE AB: Ww0401 (0.65) >Wx0416 (0.74) >Dhg0507 (0.89) >Wx0423 (0.98) > At0515 (1.07) >ck
(1.13)>1d0505(1.54),

AT A b R B R 4 O Ay B 2% . BRUETR . BRUE TR S P RS DR 0T S B e R
INGEEE . LA0505, At0515, Ww0401 EIBREZE A MIEDBRE B i & /0 B0 i Fa @ MR 4K s 17 Dhg0507,
Wx0423, Wx0416, ck Effiz A FIENPE R B im0 B0 e 42 1 o
22 FAEAREMESITEEIENERRAFENRERE D B EETH

& 30 5 PRI BB R EDAR R AL AR e HE S RO AG TS A . A5 AR S RPN AE SRR BB R
Y1 Fa e VPP 2R B BEAH DL SO 25 S iR tE S Bl T BE . 3R BLR Finlay-Wilkinson Al AMMI-1
BRI B RESE R ED PR R A, EIARE B FIEIBE AB i FE tES5Aliit, Eberhart-Russell £57 HU§E 58 A B R
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2 A FIEIBR AB i9EE ME S 8flii, Stability Variance BRI RESE BEIMER A M EE &M S 51, m
Environmental Variance RN G856 UEP AR 2 A, BB ZER B FIEIBRZ AB (952 @ P 2 80 fl 15 Finlay-
Wilkinson #l AMMI-1 S RUA{LBESE BUS AT ENAR R A, ENBEER B MEDBRE AB A S 5uihil, Bfe
PESEUR A5 R A — B (RE S BONEA AR ) o 7 A BB 5 B R Jo i 43 B0 PR R /IN Y
HeFanr .

EIfEE A: Wx0423(1-0.018 951) >Wx0416 (0.021 00)>Dhg0507 (0.045 58)>ck (0.058 51) > At0515
(0.066 96)>Ld0505 (1-0.074 261)>Ww0401(0.074 64),

EIfE 2 B: ck(1-2.19E-81)>Wx0416(1-0.016 341) >Wx0423(0.018 94)>Dhg0507(0.035 28) >1.d0505
(0.051 62)>Ww0401(0.216 90) > At0515(0.225 40)

EIf 2% AB: Ww0401(1.29E-19) >Wx0423(1-0.012 871) >Dhg0507 (0.016 00) >Wx0416(0.019 02)>
At0515(0.038 14)>¢ck(0.041 45)>1Ld0505(1-0.060 471)

Finlay-Wilkinson 1 AMMI-1 554 ff) § FpEDBR R A FIEDBE 2 B G it 40 5500 B 1 2 5O /INVHE ) R
—%%, Dhg0507, Wx0423, Wx0416, ck #; L.d0505, At0515, Ww0401 F&5E; SFFENMIE AB i & 08
JECIARER A FIENBEE B i /- B2 A, HASE M S B/ INHE 7 8 R B AR R I HE P o X e hi k5
i bRER . @ BB CE MR AR — 3

x3 TRASHEBENBEESHMITER

Table 3 Parameter estimates of cultivar variability for different analysis models

- " AT i R R E PE 2R
156 il
Ww0401 Dhg0507 Wx0416 Wx0423 Ld0505 At0515 ck
Stability Variance 0.000 77 0.003 05 0.003 15 0.007 43 0.023 03  0.004 24 0.000 28
Finlay-Wilkinson 0.074 64 0.045 58 0.021 00 -0.01895 -0.07426  0.066 96 0.058 51
EFi#iZE A Eberhart-Russell 0.073 75 0.032 27 0.036 87  -0.004 61 -0.092 19  0.050 70 0.064 53
AMMI-1 0.074 64 0.045 58 0.021 00 -0.01895 -0.07426  0.066 96 0.058 51
Environmental Variance - - - - - - -
Stability Variance - - - - - - -
Finlay-Wilkinson 0.216 90 0.03528  -0.016 34 0.018 94 0.051 62  0.225 40 -2.19E-8
Eiffiz B Eberhart-Russell - - _ _ B _ B
AMMI-1 0.216 90 0.03527 -0.016 34 0.018 94 0.051 61 0.225 40 -5.64E-6
Environmental Variance - - - - - - -
Stability Variance - - - - - - -
Finlay-Wilkinson 1.29E-19 0.016 00 0.01902 -0.01287 -0.060 47  0.038 14 0.041 45
Ei#i % AB Eberhart-Russell 0.020 26 -0.005 06 0.030 39 0.02026  -0.04558  0.040 52 0.015 19
AMMI-1 4.4E-20 0.016 00 0.01902 -0.01287 -0.06047  0.038 14 0.041 45

Environmental Variance - - - - - — _

YL — SRR LI

2.3 AERE M TR EDBR M A £ BRI

F A2 5 FRBERLAT B B ERBR AP RN (F0ED) (9 22 SRR B0 45 2R o 5 BT AE BB L A Rl ED R R 4
O3 B 25 SRR I B A R S 28 S 0 25 S R B R RE . R BECH Finlay-Wilkinson A1 AMMI-1 455 7 24 5
SERMFRENBRE A, EDBRE B FIEDBEE AB 192 MK KA %, Eberhart-Russell 8151 HU 8 58 1% b # ED bR
E A FENPEER AB {22 FYER KA B, Stability Variance #55{ R 5¢ AU AL AP EDBLZR A 1922 S5 PR G 36 46 56
1M Environmental Variance #5#IANRESE UMM EIBR R A, EIBUR B FIEIBER AB i) 22 R 50 4 45 5 Fin-
lay-Wilkinson #l AMMI-1 AR RESE A FRENBR R A, EDARER B FIEDAR R AB 1922 P, H2E 5
PERG B0 25 A —F (FAEEEAMA] ), SFPEIFER A FIEIBER AB 1Y 22 ik i B #7KF (P<0.01), &h#h
EPBRE B 1925 515 8 % K F (0.05>P>0.01) . W Finlay-Wilkinson 1 AMMI-1 % i E[1 B & Fb b7~ EJ)
PR B B S BN AG TS SRS B2, 7 S BB Rb R 1 BRR R o i 00 02 e M LA
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R4 FARSHEE FREHER

Table 4 F test of cultivar based on different analysis models

foi Ay
{55 Nor Stability Variance Finlay-Wilkinson Eberhart-Russell AMMI-1 Environmental Variance
Dor F P Dor F P Doy F P Dpe F P Dyr F P
Eifizz A 6 102 17290 <0.000 1 2.55 85.77 0.004 3 2.01 27391 0.0036 2.55 8577 0.004 3 - - -
EIfizEB 6 - - - 2.18 5559 0.0133 - - - 2.18 555900133 - - -
EIBizE AB 6 - - - 2.20 275.19 0.002 2 2.36 706.66 0.0005 220 275.19 0.0022 - - -

Y] s Noe(Num DE)FI Dop(Den DF) 4350 FRZIGM04S 1 A i BERISS 2 @ h . -8 %A A AE

24 ARBEMESTREHBE IR
5 FlvBE R [#] 5 AN T 25 2 HCR i REML 1)

5 AEREESTEEK £l
B RRHEA A (LR B 1 35 1L MM (o) FEAT = FIARTE AR M |

Table 5 ¢y values of different stability models (smaller cye value

%1$1ﬁ AL PE A ‘—? B %% 5HK5Fh 1;;.; UEED) A'ﬁ indicates better fitting models)
BN cac Mo SRR S BB AE EDAR 5 fe
FhENBR 2 41 0 [ E RN 7 2 S B AR B e Stability ~ Finlay-  Eberhart- AMML Environmental
FEAHMI N A 2Z S5 TEfE, £ N Finlay- variance Wilkinson  Russell i variance
Wilkinson Fl AMMI-1 F7 [f) 5L FPEQBEZE A, Ep BPBRGR A 125 -173 - -125 -173 -
PR B RIEDBEE AB RUE MBSy agdesy, THRE - s s

EIBE % AB - -34.4 -17.3  -344 -

Stability Variance 5 78 [¥) 5 Ff ED B 25 B Al Ep
= AB 28 S I A GE U 8, Eberhart-Russell #5
RIF) S FPENBE R B S8R ARRILSEL, 17 Environmental Variance #1781 i EIBEZE A, EIBEZE B FIE)
BEE AB 28 TG A REN L. Finlay-Wilkinson F1 AMMI-1 45 R i) S P ENBR 2 A, EIBEZE B FIEIBEER
AB Fa B VES B AU R 8, HA G 45 R HEA — B (cnc (EEEA AR AL RBOR F I A (cac (1Y
BN, BABAFNGHERE, MHAR 3 PR S 5L 4 AR BB R 2H 73 e it R A (e (HIER), 7
2 R ot 7 S WA U 1 3 e A8
2.5 mMIZE MR EE R BRI E

T A SR FHEDBR R o Ae e M 22 S E R R 25 R (R 4) B, MAPEIRER A, EDBER B FIEDHER AB
TR 22 SR W KOF, RWIAMFENBRR A, EIRER B MEDBRR AB (F2E TEBE A 55 25 1 2 k23
AT T A AR e BRI SRR SO RS 2R R S, SRR EDAR R A0y T A BORR e M R Tl
R Bk o #E— 20 AT A il B OAS [] BR B 1) BB 2R 2 O o o o A S M Y R IR R AR B (R 2)F, Wix0416,
Wx0423, Ld0505, ck AUEIHRZ A FIENBRER B [ttt 70 %505 A1 L 69 30 85 8 BOT A A7 — Erk (st 70 %
AN BE PR SR 18 BOR/N 2 e T 240 ), S AT E PR 22 T Ww0401, Dhg0507, AtOS15 HYEIHEZR A i
BN B T 43 505 AH N A B BE 4 B A AT — SBoh: (it 2 Eiom IR B PR 8 48 O b 22 ki A2 4k ), 3l

T A b B Al 1 5 R R S5 A% R A BE(R, AR R ALIARD 25170 oo M B UML) 2% o 24 0
HrmFREIBEZR A, EIBRZE B FIENBEZR AB [ F0E P 4 R K TR 22 vh bk, st 2 Ul S Al 45k R AR
B AE R AN R s A5 B, B> 35t 4% Y BE S LA [m] 30 B A PR 25 1, B4 MR G2 o o 3X AT RE 5 BB
(1) S AEF I R VA G o
3 b
31 mMBREMEIWHERSWNER

5T SAS PROC MIXED F2 7 iy i A s M3 A sk mé 5 07 1, BAAJZ 12 A SAS 414 PROC MIXED 7
P 5 A ARG e T o3 A A R AT AP RS E P S B T L Al Rl RN 22 S R 0 AR R PR A L 3k
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