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Effects of Different Fertilization Conditions on Endogenous Hormones
and Growth of Juglans mandshurica Maxim
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150040, China; 2. Baolongdian Seed Forestry Farm, Wuchang 150200, China; 3. Harbin Forestry Machinery
Research Institute, National Forestry and Grassland Administration, Harbin 150086, China)

Abstract:In order to understand the effects of different fertilization treatments on endogenous hormones and growth of Juglans
mandshurica Maxim, a three—factor orthogonal fertilization test of N, P and K was conducted to determine the endogenous hormone
contents and growth traits of 6—year—old Juglans mandshurica Maxim clones as test materials. The results showed that fertilization
helped to increase the contents of four endogenous hormones of Juglans mandshurica Maxim, namely trans—zeatin (iZ), gibberellin
(GA,), abscisic acid (ABA) and indole acetic acid (TAA), among which the content of trans—zeatin (tZ) changed the most; the
three kinds of fertilizers, namely, nitrogen, phosphorus and potassium, had different influences on the endogenous hormones, and the
influences on the contents of trans—zeatin (tZ) and gibberellin (GA3) were N>K>P, and the role of affecting abscisic acid (ABA)
and indole acetic acid (IAA) content was N>P>K; nitrogen fertilizer was the optimal factor to enhance the content of the four endoge-
nous hormones, and the combination of fertilization treatments to enhance the content of the four endogenous hormones in the compre-
hensive analysis was 0. 75 kg/plant of nitrogen fertilizer, 0.3 kg/plant of phosphorus fertilizer, 0. 15 kg/plant of potash fertilizer. In
terms of growth, fertilization reduced the variation in tree height within the asexual seed source, but the difference in net growth in tree
height between the different fertilization treatments was not significant, and the different fertilization treatments did not have a signifi-
cant effect on the promotion of new shoot length and coarseness.
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2 R RL TR 15 AR L0, 5 g 1R, HEFT Maxim fertlization trial ke - B
AW e IRAE N &, B0 3 IREOR TR . TR e HUE(N) BHIE(P) HIIE(K)
£ 1Z GA, ABA Fl IAA &R HORAR (i Treatment pgen Phosplorus poh
W (38 PR B2 R AT B FISE ) , oo oo oo

A KEEAY . 2021 4E 10 A R AT 2022 4E 10 , 0,00 o5 ois
AR AL RO s bR S — A 13 o o o0
A LA R R RO IR oo o o
RERATICEE . 5 0.25 0.00 0.15

BT . BARIRB T Bxcel SPSS25.0 oo o is o
BAF, 2B Oirgin2022 A4, 437 7 AL 46 7 2 ; 025 030 0,45
43T .Duncan £ A FI Pearson AHIETEHT

8 0.25 0.45 0.30

2 R 500 9 0.50 0.00 0.30
2.1 HEBRTAZK A A T N o o o
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Tab. 2 Analysis of variance (ANOVA) of endogenous hormone content

for 16 fertilization treatments

A B (df)

- 5 S

AR L T . Y175 e
. . Variation Degree of F .
Implicit variable Square sum Mean square Significance
source freedom
Qb 2.417 15 0. 161 72. 154 #k
7 o
T A 0.071 32 0.002 — —
tZ, content
BT 2.489 47 — — —
Qb P 43.207 15 2.880 1 498. 872 Ak
GA, Al
& 0.061 32 0.002 — —
GA3 content 2
J587n 43.268 47 — — —
Qb 6 796. 990 15 453.133 151.735 3k
4'\5_
WAA W 95.563 32 2.986 — —
TAA content
it 6 892.553 47 — — —
Kb 24 891.270 15 1 659.418 3 202.822 Aok
ABA & -
ABA content iyl 16. 580 32 0.518 — —
BT 24 907. 850 47 — — —

e g EIKSF(P<0.01)

Note: #*# means extremely significant level (P < 0.01).



36 oMK T OB 540 %

x3 16 MEELENERZSELELER

Tab. 3 Multiple comparisons of endogenous hormone contents for 16 fertilization treatments

ﬁjﬁmem t2/(pg - g ") GAy/(pg-g ') IAA/(ng - g™") ABA/(pg - g™")
1 0.16+0.02 i 0. 60+0. 03i 60.26+0.30 i 49.38+0. 38 k
2 0.290. 03 h 1.4420.01 e 53.38+0.43 j 50.89:0. 19 j
3 0.35+0.03 h 1. 1420. 05 hg 53.39+0. 87 | 44.61+0.21i
4 0.56+0. 01 efg 0.86+0.02 j 59.76+0.95 i 89.95+0.25 e
5 0.84+0. 06 ¢ 0.4320.02 m 62.48+0.98 hi 41.4320.03 m
6 0.800. 03 cd 0.39+0.03 m 66. 00+0. 74 gf 69.91+1.51 g
7 0.93=0.04 b 1.22+0. 12 of 89.72+0.85 b 99.42+0.92 d
8 0.64+0.07 e 1.00+0. 06 i 66.82+1. 18 gf 69.63+0.43 g

0.57+0. 04 efg 1.14£0.00 h 73.87+0.95 d 61.01+£0.11 h
10 0.50+0. 03 g 0.59+0.03 1 70.00£0. 23 e 54.7240.92 i
11 0.520. 03 fg 0.70+0. 02 k 67.45+1.07 ef 77.010. 81
12 0.76+0.07 cd 2.11£0.01 d 87.46+1.41 b 69.17+0.27 g
13 0.640.04 ¢ 3.84+0.04 a 77.812.36 ¢ 60.37+0.27 h
14 0.75+0.03 d 1.28+0.02 f 63.85+1.19 hg 103.40+1.24 ¢
15 1.02+0.07 a 2.96=0. 06 b 93.92+5.22 a 105.00=1.20 b
16 0.590. 08 ef 2.46+0.02 ¢ 76.74+1.99 cd 115.30+0.23 a
R 3.71 3.52 3.30 3.16

T R PR B i B R 22, RGP RERR 225 B35 (P<0.05)

Note: Data in the table are content means + standard deviation, and different lowercase letters indicate significant differences( P<0.05).

B h-0.16 pg/g, 15 AUAL PR & /35 i T 0 IR A
HA b 15 92 it A8 T 1,02 pe/g, X
TEZH Y 6. 38 £ XF BALLAY GA, 10 0. 60 pe/g, kb
RS AbPE 6 AbFE 10 1 AR T IR B AR 2
AhPE 6, HA 0.39 pe/g, AN EEYY & X IR, kb2
13 1) GA, S A, N 3. 84 pg/g, X ALY 6. 4
5 IR LA TAA &R 60. 26 ng/g, AbFH 2 A4bf
3 ALER 4 BRI T R SRR AY b 2, H
53.38 ng/g, H A Ab PRI X IR Ab 3 1S () i
L IRE] T 93.92 ng/g, HUXTIALH ) 55. 9% ; X HR 4H (1)
ABA 10 49. 38 pg/g, A0 3 3 FIAL I 5 1Y ABA
FRALT AR BRI 5,00 41. 43 pe/g, H
AU PRI T IR AL B 16 B SRR, A E T
115.30 we/g, RXTRAZHAY 2. 3 %, Budipn it b2
JEAMIEE R 7 W 22 550K, o 3. 71, BLHATE 4
Fofr A R 2 H AN T it S Ak B X 7 B R K
ZEA AT M AT AE AR A B T4 i N IR R Y A,
FOR TR A A BEAE A FEAS ), R AT AR TR
2.1.2  ARFEINEHE M ks

MHARE 3 FRARKIXT Rz AR A
PEAT 22500, WL 4, 25 1 o RUIB R 25 /0K,

9047, FoR BBIAE 0. 21, # 22 /N N AR, 2
0. 15, 1d W Z0AE iy o 22 M A 1 0 I R e S, 80 e
PEFBEAE, DARUIE BEAE  BIE 4 FhOA [ K7 A A
AR Z R E A AR bR, Lm PR IE, i 1
(a)i7n, W 1(a) AT, BE & 200 A I it
FIE RGN Z & & 2 LT —TFBE—LE T,
BEREAC A 7 3, 25 AR FREmEE, I
2RI i e 1 % g 1R KT BV A 4 1 2 5 o ) SR A
K P 2 SRR SRR 2 K
(0.25 kg) WEACH 3 7KF-(0.30 kg) , FALHY 2 K
F(0.15 kg) . #H—LoWESRE, #HITE2H
R 250, WK 5, Jr 2250t g R s B | ok
JEFIAP AR &% i FH 24 2 % 12 5 B 7 AR W R 22
S ZE SR 6, Bon 2 BN K K
2 KB Z EE R, 0. 81 pwe/g, HXT R &
138. 2% ; B ALt K -k 3 KSR 02 & /i fe Kk,
S 0.70 pg/g, LEXT B2 S 27. 2% 5 8 HE s H 7K ~F
R 2 KB 2 S K, 2 0. 73 pe/g, LU R 2
7 40.3%, ZHE IR ST Hit
PEim 2 Fr i AR 7 M EAE (0. 25 ke/BR) (B
JE(O.3 keg/#k) FHIE(O. 15 kg/B) .
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Tab. 4 Polar analysis of tZ, IAA, GA3 and ABA contents in Juglans mandshurica Maxim

with different fertilization treatments

ngirhzcr Mﬁi?ﬁfge tZ/(pg - g™") IAA/(ng - g™") GAy/(pg-g™") ABA/(pg-g™")
K, 0.34 56.70 1.01 58.70
K, 0.81 71.26 0.76 70. 13
{’Nggiligen il K, 0.59 74.70 1.14 65. 47
K, 0.75 78. 08 2.64 96. 12
R 0.47 21.38 1.88 37.42
K, 0.55 68. 61 1.50 53.04
K, 0.59 63. 31 0.92 69. 66
ffiﬁfphoms ot K, 0.70 76. 12 1.51 81.62
K, 0.64 72. 69 1.61 86. 10
R 0.15 12.81 0.68 33.05
K, 0.52 67.61 1.04 77.99
K, 0.73 74.31 1.73 66. 70
fi?ih fertilizer K; 0.58 64. 48 1. 14 69. 63
K, 0. 66 74.32 1.63 76. 10
R 0.21 9.84 0. 69 11.29

X IAA E ATl ZE 0 (R 4) 4 R BR A
NE R 25 5 K 21, 38, HIRRBEIE 12 81, /M1y &
BRAE 9. 84, 1 22 HEFF i K2/ R EE B A #1E,
VA =2 () B B M R 0/ o EUIE B AR B e,
HREELE I A TAA 35 1 Bl AERL R AR A R 3
DL 3 FPIEELE 4 Bk AR AR i R TAA By
TE A AR P B, I E 1(b) s, B’ 1(b)
WRBEE FIEHHE RN TIAA SR ETH Y b
BEAC R A B I TAA &2 T E— A — TR
A BB AR ) T —TF B— TR
B PR R A R Y K BN B TAA i
K R A TAA 55 i R AL B EIE Y
4 K (075 kg) HEHERY 3 KF(0. 30 kg) APAEAY 2
KF(0.15 kg) o AHE— WA SR IR T 2
R 25001 (R 5) , T 250 i 5 R s BE i IE F0
BRAE A Y 2% TAA Fra = E xR, £
HHE (£ 6) Wm BENE 4 KFEH 1AL & 72
78.0 ng/g, & 4 KPR R AA, TR BRAH
37. 6% ; WAL 3 ZKFIF TAA &8 76. 1 ng/g, EWEIE 4
A B KA, EEXT RE AL 10. 9% ;87 AE 2 /KF
14 K IAA SE8 74,3 ng/g, EHIAE 4 K

b R RAE, LEXT IR 9. 91% . 2 LA 4
S R —3, i 1AA & &0 i fE
JiEAE 7 R AUE 0. 75 ke/ Bk BEAR 0. 3 ke/FR 41 AL
0.15 kg/Fk,

St R AEBEAL AR AL XTI - GA, Fr s,
AT ZE ST (R 4) o 4R BoR BN 22 5Kk,
S 1. 88, FLWRJEHAE 0. 69, B AL A B 22 F /N,
0.68, Uil = ryEEME KRB/ EAE AL B
B, VA3 FIEET 4 FloKF i A AR, R GA, &
EPE A AEARL F P& B, i 1 (c) Frs, B 1
() /R Bt 25 0 AE RN B AE 590 2 B 384 Jn, GA, & 5
SET RS LIk BEE S IE K R A3 N, GA, &
e EA—TRE— LT s P m s X iy
ACERI A HE R GA, & it i e ACE $ m iH F GA,
T AN R AR AR 4 7KF-(0. 75 kg) |,
B 4 KF-(0.45 ke) BFAERY 2 K- (0. 15 kg) o M
AT AR SRR AT Z R T 250 (R 5),
R WoR , FRHEAC AR AL (i T Y S X GA, & ™
AN EER, ZEILK(EK6), HRRIIHENL
4 K GA, S fci, N 2. 64 pg/g, HEXT IR
161. 3% ; HEHE 4 /KFRT GA, &, b 1.61 ug/g,
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FEXT R ZH 55 7. 3% # AR 2 KSF-BF GA, & B e i,
1.73 pg/g, EXTHRZH 5 66. 3%, 270 HLA4h S 5% 2%
IIMraE R 5, IR GA, & B ) A
JIEE0.75 ke/ Bk A 0. 45 ke/Hk BIAE 0. 15 ke/ k.

X ABA AT 22530 (3R 4) AR R A
REAR 25 K, o 37. 42, HUKJEBEAE 33. 05, e 2 5/
FIFEAPAR R 11,29, UiHH 3 FRACRIXT ABA &5 15200
T LR R R BN RS BEAE B, LA 3 AR
[ 4 FPKOE MR AR R ABA 2 i (9391 J A bR 2
HlHT LA & 1(d) Frs, B 1(d) AT Bl &
JNE B 700 3G, ABA & i 2 A —T BE— L JH
BREBA AR RN ABA &85 FTH Y b
HRILR N 2T R B, T4
Pl e e X I KT R 4 5 ABA B 1 e K OF

AR A RN 4 K- (0. 75 kg) , AR 4
K- (0. 45 kg) ,HAERY 1 K0 kg) . MHIEAER
KIFHATZ R R IT 22000 (£ 5) , I 2o Hrai R o
FIEFBEAE AME FH 20 - ABA & i Al B & 1
£5 BPARRIRE AR 24 ABA & A g AR
ZEIE (K 6), 4R B/RAN 4 KB ABA % &
B, H 96. 1 we/g, EXTIRZH B 63. 7%, BEAE 4 7K
IF ABA &, b 86. 1 we/g, AT HRZH 5 62. 3%,
L RS R G 22 M 4 R AR — B, HI RS
ABA i Al N 7 R R AL 0. 75 ke/ PR BEE
0.45 kg/tk FIIE 0 kg/ Pk

iAW 2L T N 2 T HL R, o] AR IS4 T 4 F
PRI R & i A AC AL BEZH & R . /IR 0. 75 ke/ Bk,
WEAE 0. 3 ke/#k, B 0. 15 keg/ k.

x5 RIEHERHIBARFIZEKESTESHTR
Tab. 5 ANOVA table for different dose levels of nitrogen fertilizer, phosphate

fertilizer and potash fertilizer

75 5 R K725 S5 A Fl H B 5 P N
Variation source Implicit variable Square sum df Mean square Significance
P
)E?HE o tZ 1.581 3 0.527 44.675 0.000 ™
Nitrogen fertilizer
W
7 0. 158 3 0.053 4.476 -

Phosphorus fertilizer ‘ 0-009
FE o tZ 0.300 3 0. 100 8. 485 0.000 ™
Potash fertilizer
A
E,HE o IAA 3 189.411 3 1 063. 137 23.374 0.000 ™"
Nitrogen fertilizer
BEIE . IAA 1 095. 746 3 365.249 8.030 0. 000 "
Phosphorus fertilizer
FAL . TAA 879.243 3 293.081 6.444 0.001 ™
Potash fertilizer
=
ﬁﬂe . GA, 25.878 3 8.626 34.265 0. 000
Nitrogen fertilizer
BRI

GA 3.479 3 1. 160 4. 607 -
Phosphorus fertilizer } 0.008
e N GA, 4.346 3 1.449 5.754 0.002 ™
Potash fertilizer
e
E\_‘HE o ABA 9 642. 628 3 3 214.209 19.118 0. 000
Nitrogen fertilizer
e . ABA 7 856.734 3 2 618.911 15.577 0. 000 ™
Phosphorus fertilizer
FE ABA 1 019. 642 3 339. 881 2.022 0. 127

Potash fertilizer

e e AR K (P<0.01)

Note: #*# means extremely significant level (P < 0.01).
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Tab. 6 Table of multiple comparison of different dose levels of nitrogen fertilizer,

phosphorus fertilizer and potash fertilizer

ek il kg 4 4 . 4

Fertilizer Dose 2/ (pg g ) 1AA/(ng - g7) GA3/(pg-g ) ABA/(pg - g )
0.00 0.340. 15¢ 56. 70+3. 52¢ 1.010. 33b 58.70+19. 00c

AL 0.25 0.81:0. 12a 71.20+11.29h 0.760. 38b 70. 10£21. 43

Nitrogen

fortilirer 0.50 0.59+0. 11b 74.70+8. 10ab 1. 1420. 63b 65. 40+8. 79he
0.75 0.75+0. 18a 78.00+11. 45a 2.64+0.97a 96.10+22. 15a
0.00 0.55+0.26b 68. 60+7. 83c 1.50+1. 44a 53.04+8. 50c

AL 0.15 0.59+0.22b 63.30+6. 45¢ 0.92+0. 46b 69. 66+21. 56b

Phosphorus

festiliver 0.30 0.70+0. 29 76.10+17. 43a 1.51+0.90a 81.62+24. 89a
0.45 0. 64+0. 10ab 72. 60+ 10. 97ab 1.61£0.72a 86. 1019. 83a
0.00 0.52+0.25¢ 67. 60+6. 26 1.040. 87b —

B 0.15 0.7320. 29a 74.30+17. 76a 1.73+0.97a —

Potash

fertilizer 0.30 0.58+0. 16be 64.40+7. 75 1.1420. 11b -
0.45 0.66+0. 17ab 74.30+11. 50a 1.63+1.36a —

T R PR N B i B AR 22, A RVNG P RERR 22 7 3 (P<0.05)

Note: Data in the table are content means + standard deviation, and different lowercase letters indicate significant differences( P<0.05).

801
0.8}
751
0.7F —~
_ w 70t
T, 06f g
F; i Z ot _
N 0.5F Nitrogen fertilizer - EHE o
—— AR 60 . gétgé)gen fertilizer
i Phosphorus fertilizer 6 .
0.4 —a— Phosphorus fertilizer
Potash fertil sSt T HE
0.3 — . olash lerizer ) . ) Potash fertilizer
T 2 3 4 1 2 3 4
o K-
Levels Levels
(a) 12 (b) IAA
3.0 1| —=— &UE 100 | === &L "
Nitrogen fertilizer Nitrogen fertilizer
25 Phosphorus fertilizen 20 Phosphorus fertilizer
_ o IR e
T?Q 20k Potash fertilizer T?D g0k Potash fertilizer
e =i
Z: L5 ¢ g 70 F
S =
1.0 b 60
05 L . . . 50 L— . . L
1 2 3 4 1 2 3 4
KF: KF
Levels Levels
(c) GA3 (d)ABA

B 13 AR AT PR M2

Fig. 1 Changes in endogenous hormones at different levels of three fertilizers
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R T RIS A L 22 10 ) 22 S A b R o E
SAULETeMER A TOME R 3 BRLL B HEAT 2021 4R
AR S AT, AR 7, 450 BoR AR [ R IR A 15 &
AR AR AR R R ARSI (DIC) R R

R 20.94%, 4TI 50T, ULk 8, A5 R B R
TR fAfEE W25, MEZEILERME R (E 7))
A, FRAR(HL) 2021 454 = e K, YIMEH 263. 89 cem),
HWRE =27 (SC)  HMEH N 246. 42 em, F/ NS4
Wt (JST) , ¥HME R 206. 58 em., UM KL Z BIFEFE
HE—ERERESR,

W 32.49% , 25 5B/ 2 G L (JST) 285 5

KT 2021 E5202 EWMETELIMESELRRR

Tab. 7 Analysis of variance and multiple comparisons of tree height between 2021 and 2022

2021 2022
it 5 Z g B 2
. - AR % . - AR R %o
Seed source B/ cm AR MR/ em 1#%%&( ) W5/ em AW/ em 1#2.%#[( )
K o Coefficient of X o Coefficient of
Tree height Variation .. Tree height Variation .
variation variation
SC 246.42+60.77 a 129~360 24. 66 325.77+54.78 a 21~430 16. 82
JST 206.58+43.25 b 110~275 20.94 274.23+£50.93 b 190~410 18.57
HL 263.89+72.16 a 155~380 27.35 317.22+77.82 a 180~450 24.53
DJC 235.23+76.43 ab 100~379 32.49 285.36+89.94 ab 140~420 31.52
wC 241.21+56.58 ab 137~340 23.46 299.29+60. 73 ab 200~420 20.29

T R PR A F R B AR 22, ARG PR IR 225 35 (P<0.05)

Note: Data in the table are content means * standard deviation, and different lowercase letters indicate significant differences (P< 0.05).

ko BB it I T 5 P %) 28 Ak R, %o it A Ach B
BARR 2022 AERT R AT AR AT, AR BN, AR SRR
KHJE DIC, 25 53 REUH 31. 52%, 78 S5 Fe /N J:
JST, 2 5 ZHK 18.57% . J7 225001 (3£ 8) 45 R ik
PR B2, T2 EE(ET) A
H1,2022 4ER R SC BIME IR, K 325. 77 em, HROZ

HL, BB R 317. 22 em, fe/N IST, iy 274. 23 em,
ek 5RIMUAEN,ZBFK/NIF 2022 4F£5
2021 AF—%,5 FPIR 2022 AER AR S RN T
2021 AFEAR e AR S5 22 80, 100 e AEL /N 1 R IR PN

=1
/Ej‘i‘o

F8 2021 F£ 2022 EREHHIREAESHR
Tab. 8 Analysis of variance (ANOVA) for tree height seed source in 2021 and 2022

AEfy I F %75 P B
Certain year Square sum df Mean square Significance
2021 39 951. 54 4 9 987. 886 2.630 0.038"
2022 44 588. 32 4 11 147.080 2.502 0.046"

TE: * HWFEKT(P<0.05),
Note: * means significant level(P < 0.05).

Stk — A T AR X 2022 A AR KR (2022
AR R R 25 2021 AR ) B WE HEAT 7 22 0 i
(R 9) , B4R R A R Fh i a] 22 58 3 8 0K, 2
ARSI A 2 B, i 2 AR SC i E K
K, 79.35 em,DJC A KRB/, M 50. 13 em,

EIIHENE Z 5, SC. At il it AL wig 107 e A, LA Ao 9
M LR /0N o o A R O L (o A R B L 2021
AER ) HEAT T 2200 (2 9) , SC AN {E R g, HAi
JE JST, F/NAY R HL, 3X 5 i A R A 25 SR BEAS
Fr—2,
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Tab. 9 Analysis of variance (ANOVA) for net growth and of Juglans mandshurica Maxim in 2022
7 5 R R P SEIrAI A ¥175 F N
Variation source Implicit variable Square sum df Mean square Significance
z‘tfj cource 2022 4 A 13 492.77 4 3373.194 2.690 0.035"
Z’;gj cource Az K BT 0. 56 4 0. 140 2.755 0.031"
o B E KT (P<0.05)
Note: * means significant level (P < 0.05).
Y 2.2.2 AFHGAALFA BHbHCE K R0
:ﬂﬁ@%ﬁn Xt 16 Fhita A AL B ) 2022 AR A Ko K
ANJEE A g -

14071 Relative value of growth 10.8 *HX#{E N %?*ﬁ JE/QE %ﬂ%ﬁ ﬁéj *ﬂfg ﬁﬁ_fﬁﬁﬁ*ﬁ s ljll_»%é
20| N o7 10, 1577 243 B4 T HE A3 [7) B A 308 A2 B
gl loo £ RGBSR, KR RE KB
=5l B 05T E RFREARAL B 22 SN 3 A I A Ak B A K
20T, PlosEE ERRREEIHHIEEREE B EKT, KR
& % 103 ﬁ £ it E b BE AR AR RS 22 o Ll e SR I 3 B, el 1A
S| lo2 = 3T 10 SRR EE AL K, 2 13,3 mm, L
207 fo. XHRRE 1 554038 = 10. 7%, 2 5 1 JE A B3 A R
ol | 1 SN MM Moo /N, 49 10. 6 mm, HXFIEAL 15 AbERAT 11, 7%, RF
PNGL HERL PG i — 2L 0 A 22 0 4l R I 11,

Different seed sources
AENG F R824 5 B3 (P<0.05)
Different lowercase letters indicate significant differences (P<0.05)
B2 FE#E2022EF5#ERKE EKEENESERR
Fig. 2 Multiple comparisons of net growth and relative value of

growth of different seed sources in 2022

2022 A AR R A R 22 R R B /NI S BPAE L ZUAE
WAL, AR A X {EL AR 22 ph DR /NI S A0
HE BRAE 57 A 1 B A 22 e DR B /N IR S BRE |
JE RUIE , 7 A R BE R 2 el DR 1/ 5T S BIE L R
JIE BEAIES , 35 P S X e A T A R A L
SEMAAHAD 2 Bl AR A R, XS A KA A X

R 10 TEMERLE 2022 FRERKE EKEAMNE FTHKEMHFHEETESTR

Tab. 10 ANOVA table for net growth, relative growth, new shoot length, and new shoot thickness

in 2022 for different fertilization treatments

R i frin s . ¥t
Implicit variable Square sum df Mean square Significance
2022 A K hE

1 2. 64 1 1 092. 842 1.132 .
Net growth in 2002 6 392.640 5 092.8 3 0330
e ki*ﬁﬁ%ﬁ 0.521 15 0.035 1.029 0. 427
Relative value of grouth
o ol 1
FE . 15 430. 490 15 1 028. 699 1.541 0. 085
Length of new tip
FARLEL 339.505 15 22.634 2.261 0.004 ™

New tip roughness

e g BEKSF (P<0.01)

Note: ** means extremely significant level(P < 0.01).
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Fig. 3 Changes in new shoot roughness in different

fertilizer treatments

x 11

S A 2 FICELR . Z 54T 3 FILRIAS [F7K -
PEAT T 2N E T 25001, Wk 12, F 20 g5 )%
BT, /U R BRARAE 4 B0 X 2022 AR K
S A SR E BT A A B R AR 7 AR Y 22
SEIEARRE I 6 H 03t BE X A Ak afk A= AR AR
FHASBA &
2.2.3 ANl N Ak FRAZE BRATAN [R) P PR AH S A A
RGN AL BES A 8 bR A C M X 45 FR A ik
17 Pearson fHRYEHT, W3R 13, 45 R BN Z 5
IAA BB EFIEAE 2 5 ABA & &AM e B3,
HIEMSG Z 5 CA, tHXMARE HHh Z 5 &5
W e A A R B 2 A G GA, iR 5 1AA & it
AN E, HoOMIEA S, TAA &5 ABA S T
FIEAC, TAA & S50 v K 2 0 2 TR oG
BT 88 R T A REL R A DG A 3, HLOR I A G
4 PN R CREY], Horh 1AA 52 Z A e
i, O TAA T GA,  ABA #l IAA  ABA #il (Z.,
ABA il GA, AR

AEMERLIE 2022 FHEKE A REENEFTHEKEMHHEERESTE

Tab. 11 Polar analysis of net growth, relative growth, new shoot length and new shoot thickness

in 2022 for different fertilization treatments

e ¥IE S5 2022 AV E K/ em A KB XHE BRI SE/ em HRSHLIE/ mm
. Mean and Net growth Relative value Length of New tip
Fertilizer . . .
range in 2022 of growth new tip roughness
K, 21.00 0.11 54.84 11.70
K, 19. 66 0.10 54.75 11.72
=
E.‘HB e K; 18.23 0.10 57. 14 11.87
Nitrogen fertilizer
K, 18.42 0.02 57.29 12.31
R 2.77 0.09 2.54 0.61
K, 19.70 0.09 55.58 12.13
K, 18.95 0.09 56. 49 11.85
AL
K
Phosphorus fertilizer 3 18.82 0.08 57.66 11.68
K, 19. 84 0.09 54.30 11.94
R 1.02 0.01 3.36 0.45
K, 21.38 0.10 56.41 11.95
K, 18.48 0.09 52.75 11.35
B
K
Potash fertilizer 3 19. 64 0.09 54.97 12. 14
K, 17. 80 0.07 59.89 12.16
R 3.58 0.02 7.14 0. 81




Net tree height growth

3 T34 55 S TR] it I A BT A ARk P R 3R 3R B B K
=12 WIEBEHIELREFEKEFTESHTER
Tab. 12 ANOVA table for different dose levels of nitrogen fertilizer, phosphate fertilizer and potash fertilizer

7 5 R R SRSy H i BEE ¥or » B
Variation source Implicit variable df Mean square Significance
AL : o

. - 2022 A Kol 3 748. 585 0.768 0.513
Nitrogen fertilizer
AL - 2022 AR KhE 3 104. 234 0. 107 0. 956
Phosphorus fertilizer
ﬁ]HE v, =N

. 2022 A [Kh 3 1010.872 1.036 0.378
Potash fertilizer
pa
NE — Az K BT 3 0.038 1.105 0.348
Nitrogen fertilizer
?‘%EE . AR B AAXHE 3 0. 004 0.128 0.943
Phosphorus fertilizer
AL _— Az KA AR X R 3 0.038 1.122 0.341
Potash fertilizer
o
A 5 ELENE S 3 354.238 0.526 0. 665
Nitrogen fertilizer
B . BRI 3 359.343 0.533 0. 66
Phosphorus fertilizer
AL _— BRI 3 1 580. 44 2.345 0.072
Potash fertilizer
I
UL - HREHLEE 3 13.657 1.337 0.261
Nitrogen fertilizer
AL - AL 3 6. 569 0. 643 0. 587
Phosphorus fertilizer
AL o AL 3 26. 103 2.556 0.054
Potash fertilizer
* 13 AEMERAEMFRNESEHHEKE BE MeRERKEHEXESN
Tab. 13 Correlation analysis of leaf endogenous hormone new shoot length, thickness and net tree height
growth of different fertilization treatments

Ei=27N GA; i TAA & ABA&TE E RN BRHLEE R
Indicators \Z content  GAj; content IAA content ABA content Length of new tip New tip roughness Net tree height growth
[VAS . . . . . .
tZ content
GA; & .
GA; content B o B o B
TAA FriE .
TAA content 0.573 !
ABA i .
ABA content 0.346 0.538 :
o ol 1
FRRE . -0.163 0.185 -0.003 1 — —
Length of new tip
%ﬁ*ﬁ*ﬁg -0.167 0. 031 0.010 0.722™ 1 —
New tip roughness
WK -0.413  -0.507°  -0.097 0.207 0.173 1

T s R K (P<0.01) , = g3 KF(P<0.05)

Note: ** means extremely significant level(P<0.01), * means significant level (P <0.05).



44 oMk T

F40 &

3L

PRI ZE T SR S AR K T T 18 BRI S S 1Y I
A AR AR AT UG PN TR R Y
HERENA AR5 45 S 3% BH 6 A Bk AR OC M R C L it
HEJG 17 GA3 TAA ABA W R S EME3 T B3
LT, A /INES S RS I it AT Ak B AR T A 2
o1 TAA [ ABA | GA3  Zeatin 2 £ 34 [t A Jita AT %) &5 &
o BUNAE ST R b A BT I BE 4R R ABA
T A BEAR AT LA ZR R TAA (AR, AR
FREU BRI EAR -5, ABFREREY], %
M) +Z A1 GA3 & IR 3 FZ M HE T — 2, 3428 N>
K>P ;5201 ABA 1 IAA & & i R E 2 HP —
B0 N>P>K; RAL M A 24T 4 Fh IR R
SR, wAE W &R B 5T R W it A
GA3 IAA (ABA ZRS % it M 8h A7 R s
TERII B E RS T 4 AR SR, AR
FUA RS A 22 it N0 AR IE BT DL 1 2R S
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WREZEE] 6 A b RS, B A NS AR K8,
Ul T3k AT FE 2 D] Ay it A B 1) A e o A A iz g S
b EE—E B[] B T ARk A, S B
[Fi it A Ak B 25 S S (25

JEAEA BT 32 = % BE A (2, GA, L ABA Il TAA
B MBI XT Z SRR R, 2 SR

AL LA N ANE 0. 25 ke/kk BEAR 0.3 ke/#k .
BIAE 0. 15 kg/ Bk, 5 GA, SR ARAAb B S A
JIEE0.75 kg/ Ak BEAE 0. 45 kg/ Bk HPAE 0. 15 kg/ Bk, 4%
A1 ABA F i i FEAL BRAL A &R 0. 75 ke/ B BEIE
0.45 keg/ PR BRI O ke/#R, $Em TAA S EMRAEHE
FENE 0.75 ke/Fk HEAE 0. 3 keg/ & HPAE 0. 45 ke/Fk,
ZEETATER S 4 PR TR B R AL AL A 5 A
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T5 PR 72 S B AR AR A AR R AN 2

(& % X K]

(1] BRUe/R AR 2R 22, 5. DKM M Al i A=

A R PE 9 52 e [T, M HE K 2% 4, 2020, 39
(S1):1-6.
YAONE, PENGZ D, LICL, et al. Effects of soil mois-
ture on growth and physiological characteristics of Juglans
mandshurica seedlings[ J]. Journal of Irrigation and Drain-
age, 2020, 39(S1): 1-6.

(2] JHBOREN, 5RAE XK, 55, Aedb i D PR 231 R

BT R BLE BT [ )] A 252441, 2019,43(9)
753-761.
TANG L L, ZHANG M, ZHAO X L, et al. Species distri-
bution and community assembly rules of Juglans mandshu-
rica in North China[ J]. Chinese Journal of Plant Ecology,
2019, 43(9) . 753-761.

[3] skilug AL RUE. SHPMETR BRR B AR B XS5 (1], ALy
Fil 22 ,2014(9) :199-202.

ZHANG S Y, DU F G. The research situation and conser-
vation strategies of Juglans mandshurica [ J]. Northern
Horticulture, 2014(9) : 199-202.

(4] I, B, ey, 5. AR B R ST e
HIEFELT]. rhae B 2477 ], 2007,25(2) :369-370.
HU X J, ZHAO X J, ZHOU F, et al. The anti-tumor
effects of Carya cathayensis sarg. extracts in vitro [ J].
Chinese Archives of Traditional Chinese Medicine, 2007,
25(2) : 369-370.

[5] REGMI A P, LADHA J K, PATHAK H, et al. Yield and
soil fertility trends in a 20—year rice —rice —wheat experi-
ment in Nepal[ J]. Soil Science Society of America Jour-
nal, 2002, 66(3) . 857.

(6] ik AT, sk 74, 25 RN R 4 B T B R K
R LR AE [T ] YRR AR R, 2022, 50



F3H Ty A S5 ST i AT Ak BT A AR A A 3R R 2 K 5 ) 45
(3):157-162. tilization on the changes of endogenous hormone levels in

(8]

[10]

[12]

QI Y Q, ZHENG T, ZHANG Z X, et al. Study on dry
matter accumulation and stoichiometric characteristics of
N, P and K in different organs of Bletilla sfriata[ J]. Jian-
gsu Agricultural Sciences, 2022, 50(3): 157-162.
M, TR BB, 5. L b b DXOBRAR 00 5 v 7 g i
J EBEE I S B A B AR [T M SR S R
Bl ,2022,28(2) :269-278.
WANG D, ZHOU Y Y, GUO L H, et al. Leaf NPK con-
centration requisite and chemical fertilizer inputs for high
yield and quality of peach production in central Hebei
Province[ J]. Journal of Plant Nutrition and Fertilizers,
2022, 28(2): 269-278.
WAN, SRIEAE, e T A BeMR R SR B AR O K
JEEEXT L SRAL AR BRI R [T ] P AL A2, 2022,
51(5):153-158.
PAN S, SHIZ J, MAO X N, et al. Effects of composition
and thickness of green — waste mulches on soil chemical
properties [ J ]. Journal of West China Forestry Science,
2022, 51(5) . 153-158.
LR A SO, VRV UG, S N [ 7 ity T B R AR 25 AR
PRt erp AT R S i LB [ )], PR AR A4, 2022,
35(10) :2343-2352.
LIZW, GUWC, XULF, et al. Comparison of inorgan-
ic elements in rhizome and rhizosphere soils of Paris
polyphylla var. yunnanensis from different origins [ J].
Southwest China Journal of Agricultural Sciences, 2022,
35(10) ; 2343-2352.
B SO IR K B AR AU X LI A v
SBR[ T]. PR AR R, 2022,51(1) 129
35,438.
LUO T, YANG W Z, ZHANG S S. Effects of nitrogen,
phosphorus and potassium on physiological indexes of
Toona ciliata seedlings under hydroponic culture [ J].
Journal of West China Forestry Science, 2022, 51(1) .
29-35, 48.
ZEH, BRIIR AT 35, A TR L 2 Bl L B JIE X
SRLLE TR N PR R R [ )] B ARl K
#2,2012,35(5) :373-378.
QIN W, CHEN B L, HE Q, et al. Effects of different ra-
tios of N, P and K fertilizers on endogenous hormone of
Xinjiang Fushi apple[ J]. Journal of Xinjiang Agricultural
University, 2012, 35(5) . 373-378.
WR/ANES ko 2R Bk, A5 it AT XS A6 300 B 38 P R R
FEARE R )] WAL R 42, 2015, 54 (20) -
4975-4979.
CHEN X L, ZHANG R, LI L L, et al. The effect of fer-

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

Castanea mollissima flowering period[ J]. Hubei Agricul-
tural Sciences, 2015, 54(20) . 4975-4979.

2R EARRUSIUM AL T A s & 5 1.2
WFEL D] RJEL: PR, 2004.

LI X. Synthetic and technological study of zeatin and sev-
eral intermediates of fine chemistry[ D]. Taiyuan; Shanxi
University, 2004.

TRPEER TR B VRV, S5 AN [E TR B KRR Cd
30 A AR AR A v AR BEAE AR PE RS2 [ 1] ZRAE AR
KEz2g i ,2023,51(5) :41-47.

ZHANG Z K, ZHANG C Y, WANG Y, et al. Effects of
different auxin content on physiological and biochemical
characteristics of Cinnamomum camphora seedlings in Cd
polluted soil[ J]. Journal of Northeast Forestry Universi-
ty, 2023, 51(5) . 41-47.

FFERR. WIS IS 7 W 0T 3 R A IR AR 52 i o
BN [ D] 5  PUAL M 7, 2019.

LYU Z S. Effects of exogenous ABA spraying on apple
growth and fruit quality[ D]. Yangling; Northwest A & F
University, 2019.

ARk, & FAC AN [] it FH S % 2 A 0 1 4 A% Bk S 1k 5%
g3 T K BRI [ D] BEEH 5 ORAE | 2020.
SONG B. Effects of different application rates of special fer-
tilizer on nutrients, yield and quality of J. sigillata on yellow
brown soil[ D].
SR e S 2R S S WD B AR A B A ) 2 B0 28 E
[D]. TEBH Bl R, 2020.

GUO C. Preliminary research of reproductive biology of

Guiyang: Guizhou University, 2020.

Juglans mandshurica Maxim. heterodichogamy[ D]. She-
nyang: Shenyang Agricultural University, 2020.

TR SR A M L, 2 RN TR R B AR E A
PR ABA[T]. 2 TR E R, 2022,20(15)
5130-5137.

QINBT, CALJY, FUJ Q, et al. Dynamic changes of
endogenous hormones in different developmental organs of
Juglans mandshurica [ J ]. Molecular Plant Breeding,
2022, 20(15) . 5130-5137.

ol INTRIRER K 7 VR B0 & i 5 AR A R/ NVE &6
SRR D] BT PR, 2006.

SHA B. The relationship between biennial fruiting and
contents of endogenous hormones, moisture, nitrogen,
phosphorus and potassium of Ginkgo biloba [ D]. Nan-
ning; Guangxi University, 2006.

KA, it i A, A AL 7 SO0 A BRI 2R e AR
KB ZR IR RRBGE 0 [J]. 79 LAk B o i
2020,35(4) :76-83.



46

O TR

F40 &

[21]

[22]

[24]

[25]

JIL, LU Y, YANG Y C, et al. Effects of fertilization
methods on the growth and root nutrient accumulation of
Juglans mandshurica container seedlings[ J]. Journal of
Northwest Forestry University, 2020, 35(4); 76-83.
XUSEEE R, oS, S SRR A i AR KRS
R U AL A R 1 [ ] TR R R, 2023, 21
(21) :7193-7200.

LIUD N, XIE C Y, SHEN L Y, et al. Response of
growth and photosynthetic characteristics of Juglans
mandshurica maxim. seedlings under fertilization [ J].
Molecular Plant Breeding, 2023, 21(21) : 7193-7200.
BRI XA KB, 55 B 2 SRR Sk 7 ] R
PR E YA ) ] R, 2000,26(1) :25-31.
LIAOM A, LIU X, DENG G T, et al. Studies on the
changes of endogenous hormones during fruit growth and
development of two pear cultivars [ J ]. Journal of Fruit
Science, 2009, 26(1) . 25-31.

T, SRR B 5E T, S SR B S I TR H X
AT F AL [ 1], Mol B # 31 58, 2019, 32
(2):131-138.

LUO S, ZHONG Q P, GE X N, et al. Effect of N, P, K fer-
tilization proportion on flower bud differentiation of Camellia
oleiferal J]. Forest Research, 2019, 32(2) . 131-138.
AR 2200 5 I A, A R X SRR S A TR
RS G R BEHBREW )] FYE SRS R
241 2003,9(2) :208-213.

PENG F T, JIANG Y M, GU M R, et al. Effect of nitro-
gen on apple fruit hormone changing trends and develop-
ment[ J]. Plant Nutrition and Fertilizing Science, 2003,
9(2): 208-213.

T PR AR B A B e R B A% 1
[J]. dbrat,2012(2) . 50-53.

WANG J X. Plant hormones and their application in im-

[26]

(27]

(28]

[29]

[30]

[31]

proving fruit yield and quality[ J]. Northern Fruits, 2012
(2): 50-53.

ZEU] MRS, T, AR VR AR (ABA) X3P RS0
A AR AL B RZ [T ] Tk B AR O R 527 4R,
2005,36(2) :189-193.

LI M, HAO JJ, YUY, etal. Effects of abscisic acid on
the color of Hanguang apple fruit[ J]. Journal of Sheny-
ang Agricultural University, 2005, 36(2): 189-193.

o 9 KRR R R R R AE 28 K 4 BF 5 E
[J]. GUEMRBIFSE ,2009,27(2) : 141-146.

GAO Y, ZHANG Z H. Progress of hormone regulation on
flower bud differentiation of fruit trees[ J]. Nonwood For-
est Research, 2009, 27(2) . 141-146.

2P0, AR B RS, S MBS XS L0 TO M &R AR B
PR (1], ARPR TR, 2023,39(2) :22-29.

LI X, YANG W C, CAO Z Y, et al. Effects of fertiliza-
tion on physiology and hormones of Pinus koraiensis clones
[J]. Forest Engineering, 2023, 39(2); 22-29.
OO AT XS A F Rk A I SO R AT 5
[D]. ## : AR MBI R, 2019.

DONG W H. Study on the effect of fertilization on growth
and photosynthesis of Xiang ling” walnut[ D]. Yangling:
Northwest A&F University, 2019.

KB A BUTE . LB 1A A R R AR T R
SrHT]. Mok R ,2018,43(2) :7-9.

LIUH W, ZHU Q C. Growth rhythm analysis of one—
year—old Juglans mandshurica seedlings [ J]. Forestry
Science & Technology, 2018, 43(2): 7-9.

AR W R, AR ), A ARk O B BT
[J] AL AR R, 1985(2) 1 15-21.

ZHAO R H, HU C H, HE F G, et al. Study on the
growth law of Juglans mandshurical J].

Science and Technology, 1985(2) . 15-21.

Liaoning Forestry



