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Effects of Fertilization Methods on the Growth and Root Nutrient Accumulation of

Juglans mandshurica Container Seedlings
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Abstract; Establishing a reasonable fertilization regime is one of the important management measures for
breeding high-quality seedlings and improving afforestation performance. The annual seedlings of Juglans
mandshurica were used as research objects,and an experiment was conducted to set control (CK) ,average
fertilization (AF),linear fertilization (LF),exponential fertilization (100E),0. 5-fold exponential fertiliza-
tion (50E),2-fold exponential fertilization (200E),and 4-fold exponential fertilization (400E) , respective-
ly. The object of this study was to explore the response of root morphology and nutrient accumulation of
the seedlings in different fertilization treatments. At the end of growth,seedling height and ground diame-
ter in 100E were better than others,and the increment of them were 21. 35 cm and 3. 66 mm,respectively.
At the early stage of fertilization (after 5 weeks) ,the seedlings in LF treatment had the highest root length
(SRL) ,specific root surface area (SRA) ,average diameter (AD) ,root tissue density (RTD) and biomass.
After 9 weeks of fertilization, the SRL,SRA and AD of the seedlings in 100E reached the highest values a-
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mong fertilization treatments,which were 77. 93% ,50. 59% and 54. 84% higher than the control, respec-

tively (P <C0. 05). With the change of seedling growth dynamic, different harvest time had significant

effects on the root morphology. The fertilization treatment significantly reduced the SRL,SRA and AD,and
increased RTD and biomass (P<C0. 05). The roots in 100E and 200E had higher K and N contents, respec-

tively. In general, the root nutrient contents decreased with fertilization time. The fertilization treatment

significantly increased the nutrient contents of the roots. At the end of the growth,the N,P and K contents

of the roots in 100E were 106, 41,11, 00,and 14. 43 mg « plant ', respectively. The application amount of

100 mg ¢ plant™' by exponential fertilization method was more beneficial for the root development of

J. mandshurica seedlings.
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XE Bt w2z — e e R, &z, B A
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Table 1  The physicochemical properties of three soil substrates (mg -+ ¥ D
i Y A /L\gﬂ}:](”)ﬂ ?i?ﬁ)ﬂﬂ E(ﬁf?{ﬁ)ﬂﬂ 0.5 {?‘;Eéﬁ)(ﬁﬁﬂﬂ 1 ﬁzﬁﬁﬁ)@ﬂﬂ 2 1%(3;’?:525)@% 4 1%55:)%5]5)@}][’1
1 6 H 15 H 0 8.333 1.282 0.528 0. 650 0. 780 0.918
2 6 H22H 0 8.333 2.564 0.707 0. 920 1. 169 1. 458
3 6 H29H 0 8.333 3. 846 0.946 1. 303 1. 753 2.316
4 7H6H 0 8.333 5.128 1.267 1. 846 2.629 3.677
5 7H 13 H 0 8.333 6.410 1. 695 2.613 3.941 5. 840
6 7H 20 H 0 8.333 7.692 2.269 3.701 5.909 9.273
7 7H 27 H 0 8.333 8.974 3. 036 5.241 8. 860 14. 725
8 8H3H 0 8.333 10. 256 4.063 7.421 13.284 23.383
9 8H 10 H 0 8.333 11.538 5.438 10. 509 19.916 37.132
10 8 H 17 H 0 8.333 12.821 7.277 14. 881 29.861 58.963
11 8 H 24 H 0 8.333 14. 103 9.739 21.073 44,771 93.631
12 8 H 31 H 0 8.333 15. 385 13.034 29. 841 67.126 148. 683
At 0 100. 000 100. 000 50. 000 100. 000 200. 000 400. 000
La2 Hak sk mnz MEmtEnss 1.5 BESH

OB PEAIL (R T 28 7 AR {2 A FR 2 W) FW100) F
JEJG ok 0. 149 mm fL#H . R H K A0 A7l b U
(NY/T 2421-2013) i B -1 %8 A 00k 11 28 4 I ol o5
$R OB R B G B I 2 4 N BH B8 - T 60k
WE 4 Py KA BE T 4 KO 384k A Rk
HARAFLFP640) ,

1.4.3 ARZBEME R BRI R U7 0 IR 1
FE AR 2R F BT AR 3 4b 5 R, il £ Je e I i b FH 7K
i K R IR B, AR R AR AR AR PP SR TEAR R N
JCE 100 H 6 B LA B 1k B 3% 09 4R 3R Bk bk, JF i
HORFUE AR R UR IR AE B T 5 AR R A B ]
S %E . H EPSON MR & 3 4 { (Epson Telford
Ltd, Telford, UK) i & A R R IF R R H
i 24 WinRHiZO(Regent Instruments, Inc. ,
Québec, Canada) XJ A~ [a] &b # 14 # Z KGR 347 20 #r
FAFMIL S48 b R K R F A ARAEBD . ARG
MR R CE AR 70°C LA h kT 2 fE RIS AR R R
Y. TR R HARK (SRL) | AR F 1 L (SRA) |
FHE AR (AD) AL 4U% F (RTD)

* i Microsoft Excel 2010 #% ¥ % #i5; F H
SPSS19. 0 AT B K 2 )5 22 (One-way ANOVA) 43
BT 4G 56 A (] b 3 (] 4% 48 A1 1Y 22 5% (LSD, e =0. 05) 5
] Sigmaplot 12. 5 fEE (SYSTAT A %)) . A %
P MV T AR dfE R (Mean = SE)
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B 7 SR A [ i A Ak R T G b A R R R B A
B AE 5L T00E #1200 4b B R A v 5 A i 428 7 A=
Kb g WA B i AR R B T 400E 42b 2 00 41 11
Tahm R Gead 12 JE A9t IE A B S L 7 AR K 2
HBF, T00E 2b HF (% B 5 A0 b A2 1Y 4 5 4 i R
21.35 cm F1 3. 66 mm, b CK 4 5l & 38. 52% #il
34.32% (1B FE 1D) . AR b L 4 i A0 v = At
A8 X it A £ e 7 2 B Sy i K0 FE > 2 it A > 71
Jit FE = A% it AL 171 48 &80 BE H . T0OE 2% 4 T 4 it AES
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Fig. 1 Dynamic changes of seedling height and ground diameter of Juglans mandshurica seedlings in different fertilization treatments
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Fig. 2

Root morphology and biomass of J. mandshurica

seedlings in different fertilization treatments
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Table 2 Nitrogen,phosphorus and potassium contents in roots of J. mandshurica in different fertilization treatments

b B ] /) b 7 N/(mg « Bk~ P/(mg+ H™1 K/(mg « ¥k~
5 CK 10.514£0. 05¢ 0.59-£0.01d 1.54=+0.07¢
AF 27.0240. 24a 1.5240.03ab 4.46+0.12ab
LF 31.82%£0.47a 2.15%0.02a 5.1140.09a
50E 10.93%0. 21c 0.6520.01cd 2.5940. 04c
100E 20.9740. 45b 0.824+0.01c 3.8540.05b
200E 18.20+0. 23b 0.9640.01bc 2.8840. 03bc
400E 21.01£0.49b 1.0940.01b 3.58+0.09b
9 CK 22.7140.15d 2.30%+0.03c 3.5940. 05d
AF 53.85+0. 25bc 3.41-0.04b 5.26+0.51c
LF 82.2941. 30a 6.32%0.23a 8.41+0. 26b
50E 43.1940. 90c¢ 2.93%0. 04bc 4.2440.07cd
100E 66.41+1. 26ab 6.62+0.17a 14.35+0. 29a
200E 63.2740.22b 5.9240.02a 6.67=0. 06bc
400E 47.5740. 40¢ 3.77-40.05b 5.21+0. 06¢
13 CK 46.8940. 24c 3.73%0.09c 4.25+0. 15¢
AF 59.54-+0.11b 6.01£0.01b 6.23+0.07b
LF 67.88+0.08b 5.57+0.04b 7.2840.06b
50E 63.79£0.18b 5.16%0.10b 7.9540.50b
100E 106.4140. 95a 11.00%0. 06a 14.43+0.08a
200E 94, 90+0. 71a 10.47+0. 13a 6.9940. 09b
400E 54,2441, 08¢ 5.62-0.10b 6.57+0.07b

2 [A]— B R[] 2B 8 7R S [) Ak B ) 22 5 3k 3] 1 25 7K 7 (P<<0. 05)
WREEY WK T MIFFE ST EERE N+

HEFR oA M 0 AR A T o UK B R R
PR Bt A 5 B0 A e 1 484 o, 2% e 1S Ak 3L ) 0 5 B PR
(Bauhinia purpurea) 4B 2 E AR FR A1 20
AR5 22 5% 76 4 000 mg « Bk ' Ak BT 4 v %
AR RO B . AR (SRL) B 36 AR R R M7
Gy FIK 53 1) RE 70 A B AR AR AR 3 )RR Y B S 4
FRUTE FERIAE 5 JE S . LF AR BER AR R 0 L
ARG L AR SR T AR 2 B A e ok (T 2A0 [ 2B Al
20 . RUTHLEE T LFE YR AKE A K
SR MSCRE 7). TEBEIE 9 JH J5 W J2 EF Jif A b B
T AR R A B n9 R (B 2) U B 45 Bt
NEF AT & T4 A B KR SR A
T4 o A W 6 SR A B S B R ICRE ). X 5 E
MO e R AR B A Y 45 R A — 3. A. Hodge
L0 B it PR ARG e B A N R TR 4 AR &R
KE. P RMRARMA. L 9 A5 . &5 2ot
JIE & ) 400E gb 3 & ©AZ R A AR R IR F
SECT Y E IR A EERT

BT A KW AR IR R LT A e, X 55
FIR) WS AT A A Tl I 30 o R 9 it E T 22 o AR O
AR B [ o 78 A 5 300 R 1 2R ) e R AR Ry

TR W W TS e L BT R AR Y 3R A
B G TR A R AR EMBES . RSP,
TR AR A NP FT Kk B Bl i A s 18] 9 38 i 5 8
W ARG B R AL 7 i AR 13 8 L 48 K0 AR J7 =X i AR
Z NP FI K i 7 45 it AR 7 =X Ak B op Ak 5 i 1)
KL 4y CK g5 76, 21% .17, 78 % F1 52. 98%
(3D, WY — T i 2 A R 2 3G 0 5% 4 5 i (0 48 2
it NE 7 = B T K R R il L R AE s 0 —
05 AP WO 22 (9 3745, S8 i T AR KA R Y
FEOT A . T R A )k B A it AT B R BG An E
FRE G 5 A KW L, S8 B4 R
F 1 NP ALK 8 i AL, H NP A K & i
B IE 2= AR K S5 A, 100E b B 4 AR & NP
K S5 ik Bl i . o4 106, 41 mg « #& 111,00
mg *+ B 14, 43 mg » ¥ (F 2), K. F. Salifu
AL 2o O TRt Ay =6 T R 3% 43 in 48 1) 1 5
R AR H T RPN & &0 22 mg »
B LR RFESMEIER 8 mg - R

g5 Tk 8 B0 8 I 2 R T2 4R A A% BE AR
PEER U HENRRAGE LT R DU T
AIAE JEAE T . 72 100 mg « Bk A0 48 Bt 12 43k 25 £
TS AR RIE SR NLP RN K 354> R
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