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Effects on the Growth and Root Morphogenesis of Pinus massoniana

Seedlings under Different Slow-released Fertilizer Application
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Abstract The application of slow-release fertilizer is an effective way to improve seedling quality and
production efficiency. In order to determine the proper nutrient proportion and application rate of slow-release
fertilizer for Pinus massoniana seedling cultivation with light substrate, a randomized block experiment with three
random factors was conducted using timber- and resin-yielding masson pine families. Seedlings were treated with
1.5, 2.0, and 2.5 kg - m” slow-release fertilizers of 18-5-12, 20.5-4.5-10, and 23-4-8 of nitrogen (N), phosphorus
(P), and potassium (K), respectively. The nutrient proportion and application rate of slow-release fertilizer

and their interaction exerted significant effect on the seedling growth and root morphogenesis by reducing the
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proportion of nitrogen and increasing the proportion of phosphorus and potassium in slow-release fertilizer
properly, the seedling height, ground diameter growth, and biomass of stem, leaf, and root were significantly
increased. The total length, average diameter, surface area, volume of seedling roots, and number of lateral roots
also increased significantly. Greater application rate of slow-release fertilizer significantly increased the plant
height, stem diameter, root weight, root to shoot ratio, the total length, surface area and volume of the seedling
roots. The results indicated that balanced fertilization with slow-release fertilizer of suitable nutrient proportion
could promote the growth of plant height, diameter of ground, and its morphogenesis of root system, which was
beneficial to the seedling growth and dry material accumulation. The suitable proportion of N, P, K in slow-release
fertilizer for P. massoniana seedling cultivation with light substrate was 20.5-4.5-10, and the corresponding

application rate of the slow-release fertilizer was 2.5 kg - m™. Under this treatment, the growth and the biomass of

seedlings increased by more than 15% compared with the average value of the experimental population.

Key words Pinus massoniana; slow-release fertilizer; seedling cultivation; root morphogenesis
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Table 1 Test gradient level setting of three factors

=R Ib3 IR

Factor Treatment Test gradient level
R1 N-P-K FCEH 18-5-12

LERL

ZREL R2 N-P-K fig I, 20.5-4.5-10

Slow-release fertilizers
R3 N-P-K K[t 23-4-8
Q1 & 1.5 kg - m”
Application rate Q2 Mt 2.0 kg - m

Q3 fitFH i 2.5 kg - m”

F2 AEEELETEEMRERERKEFTESN
Table 2 ANOVA of seedling growth of masson pine under different treatments of factors

AR H PAEA AR —AEEH —ARLE A
R A Semi-anngal seedling Semi-annua'l seedling Annual'seedling Annual sseedling
?] : bl/ Degree of height ground diameter height ground diameter
ariable
freedom (g Py F1i P F1{H P{H FAH PAH
Fvalue  Pvalue Fvalue Pvalue Fvalue Pvalue Fvalue P value
RN
- 2 459.85 <0.0001 221.09 <0.0001 47939 <0.0001 193.29 <0.000 1
Slow-release fertilizers
JT.EFH.E 2 18.32 <0.000 1 0.37 0.689 27.43  <0.000 1 14.08  <0.000 1
Application rate
%/% 1 132731 <0.000 1 84.05 <0.0001 187595 <0.0001  20.95 <0.0001
Family
SR x T
Slow-release fertilizers 4 130.38  <0.000 1 66.43 <0.0001 187.43 <0.0001  53.54 <0.0001
x Application rate
R x Z&R
Slow-release fertilizers 2 132.09  <0.000 1 52.76 <0.0001 97.11  <0.000 1 18.52  <0.000 1
x Family
’?ﬁﬂ.@ x K& . 2 14.5 <0.000 1 0.72 0.489 8.41 0.000 2 438 0.012 6
Application rate x Family
GERE x TR x KFR
Slow-release fertilizers 4 42.11 <0.000 1 15.59 <0.0001 39.28  <0.000 1 9.5 <0.000 1
x Application rate x Family
Eivl
2 8.51 0.000 2 4.7 0.009 2 7.75 0.000 4 5.06 0.006 4
Repeat
Nel
bR 3312
Error
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Table 3 Multiple comparations of the seedling growth of masson pine with different treatments of factors

N ey N2 Ll 44 . Ll 44
2 fh #_Eélz i77% /em *_Eélﬂlh /em A fem AR AR /em
Semi-annual seedling Semi-annual seedling . . Annual seedling
Factor Treatment . . Annual seedling height .
height ground diameter ground diameter
SR R1 26.09+5.87 b 0.59+0.11 b 50.56 +13.46 b 0.68+0.16 b
Slow-release R2 2722+8.30 a 0.60+ 0.14 a 53.05+18.48 a 0.75+0.18 a
fertilizers R3 20.65+6.76 ¢ 0.51+0.14 ¢ 38.19+15.59 ¢ 0.60+0.20 ¢
Q1 23.81+597 ¢ 0.56+0.12 b 46.05+14.25 ¢ 0.67+0.17 b
P =X
ﬁ.ﬁﬁﬁ.i Q2 25.06 +8.63 b 0.58+0.14 b 48.31+£19.58 b 0.67+021 b
Application rate
Q3 26.27+7.80 a 0.57+0.15 a 49.89+17.20 a 0.70+0.17 a
RE F1 27.51+7.15 a 0.58+0.12 a 54.53 £16.07 a 0.69+0.18 a
Family F2 20.54+5.90 b 0.55+0.16 b 36.40 = 11.69 b 0.66+0.20 b
RS 24.95 +5.36 0.57+0.12 4792 +11.74 0.68£0.17
Group mean

TE: SRITRNFIE + ARif2e; AMFRSESCFRERIRTE a=0.05 K B2 B3

Note: mean + SD, different letters indicate significant differences between treatments.
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Table 4 ANOVA of seedling weight of masson pine treated with different slow-release fertilizers

it e Hh 1 FAR UG R L
75 S SR Eﬁifﬁf Leaf Stem Above-ground Main root Branch root Below-ground  Root to shoot ratio
. Degree o
Varable el R P FE PE R P FI P FE PR FIE P FIE P
Fvalue Pvalue Fvalue Pvalue Fvalue Pvalue Fvalue Pvalue Fvalue Pvalue Fvalue Pvalue Fvalue P value
ZRNE
Slow-release 2 1401 <0.0001 99.91 <0.0001 37.8 <0.0001 33.93 <0.0001 9.9 <0.0001 2569 <0.0001 7.95 0.0005
fertilizers
it FH £
e 2 281 00622 186 01578 204 01317 921 00001 1816 <0.0001 1473 <0.0001 12  <0.000 1
Application rate
Fjﬁy 1 801  0.005 588 <0.0001 22.12 <0.0001 7.91 0.053 9049 <0.0001 22.95 <0.0001 002 0.8863
RN x it
Slow-release 4 9.17 <0.0001 3239 <0.0001 1684 <0.0001 1072 <0.0001 11.55 <0.0001 825 <0.0001 2.08 0.0834
fertilizers x
Application rate
ZZREIE x KA
Slow-release 2 32 00424 2747 <0.0001 949 00001 735 00008 669 00015 793 00005 224 0.1083
fertilizers x Family
MR x KA
Application rate x 2 142 02434 487 00084 245 00887 285 00599 475 00095 374 0025 371 0.0259
Family
ZRNE % it
x K&
Slow-release 4 076 05543 625 <0.0001 2.04 00899 085 04959 137 02459 099 04126 166  0.161
fertilizers x
Application rate x
Family
A
Rffat 4 122 03014 106 03784 153 01941 101 04052 027 08999 1.05 03831 024 09141
b 246
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Table 5 Multiple comparations of the seedling biomass of masson pine with different treatments of factors
; - N Ll /9
CE S ot /g g WA B WRE  WFESE o
Factor Treatment Leaf Stem Above-ground ~ Main root Branch root  Below-ground ratio
RN R1 6.32+£2.05b 581149 a 12.15+322 b 2.13+0.84 b 038+020b 251+084 b 20.83+533 D
Slow-release R2 722+327 a 6.10£238 a 13.25+540 a 257+1.09 a 040+020b 297+1.18 a 23.01+6.40 a
fertilizers R3 5384209 ¢  352+174b 886368 c 159077 ¢ 050+028 a 208+087 ¢ 2449+7.59 a
i Ql 6.10+1.97 b 501141 a 11.11+3.19a 2.00+x0.84 b 039+021 b 238+094 b 21.61+644 Db
Application Q2 6.03+293 b 506£264 a 11.11+£521 a 1.90+1.01 b 037+0.17 b 227+1.04 b 21.38+552 Db
rate Q3 6.79£2.86 a 536+243 a 12.03+5.06 a 239+1.05a 052+029 a 290+1.04 a 2534+7.20 a
REA W66 6.71£2.61 a 576+233 a 1243+470 a 223+1.02 a 053+024 a 276+1.06 a 22.81+649 a
Family G31 590+2.61 b 453+193 b 1041+425b 196095 b 032+0.18 b 227+096 b 22.74+6.84 a
HERIY(E Group mean 6.31£2.33 514140  1142+3.57  2.10+0.80 0.42+£0.18 2.52+0.84 22.78 +6.15
VEs AERFR TN £ bR AHIR BT RN o= 0.05 AT 15 .
Note: mean + SD, different letters indicate significant differences between treatments.
* 6 AEERIELESEMRARERKIERTEINER
Table 6 ANOVA results of root indices of masson pine seedlings treated with different slow-release fertilizers
FHE SAREK TR EIIEA TR SMATR
AR S DEI HiE ; Main root length ~ Total root length Main root ratio Surface area Mean diameter Total volume
Variable ;f;ﬁin‘i F{ P F{i P Ffi  PfA FAif P i FAi P FAi P i
Fvalue Pvalue Fvalue Pvalue Fvalue Pvalue Fvalue Pvalue Fvalue Pvalue Fvalue Pvalue
i 2 10.1  <0.0001 1.09 03367 016 08557 129 02782 244 0.0893 9.54  0.000 1
Slow-release fertilizers : : : : : : : i : . : :
HEHITE 2 464 00105 1579 <0.0001 225  0.1072 1932 <0.0001  1.52 02205 1833  <0.000 1
Application rate : : : : : : ! ! : ) : :
Fj;jy 1 0.76 03843 87.89 <0.0001 5459 <0.0001 92.63 <0.0001 2726 <0.0001 6321  <0.000 1
RN x it
Slow-release fertilizers 4 5.7 0.0002  7.06 <0.000 1 7.11 <0.000 1 7.55 <0.000 1 5.15 0.000 5 7.07 <0.000 1
x Application rate
L x K&
Slow-release fertilizers 2 9.14  0.0001 636 0.002 1.4 02497 718 0.000 9 314 0.0451 6.81 0.001 3
x Family
ﬁﬁ)ﬂi x HA . 1.88  0.1553 3.04 0.049 5 5.06 0.007 2.49 0.0851 4.73 0.009 7 3.98 0.02
Application rate x Family
R x JENCE: x KR
Slow-release fertilizers 4 1023 <0.0001 3.08 0.0169 22 0.0694 252  0.0416 2.29 0.06 1.04 03857
x Application rate x Family
w2 4 008 09241 058 05596 007 09297 056 05747 1.12 03289 078  0.4587
Repeat
R
Error 250
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2
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Table 7 Multiple comparations of root indices of masson pine seedlings with different treatments of factors

FBES pbsiil FHREK /em SMRAS /em EAR A /% i fom? FHEAR mm EAR fem’
Factor Treatment Main root length Total root length Main root ratio Surface area Mean diameter Total volume
R R1 236.35+92.92 a 138729+62835a 19.84+9.71 a  236.18+82.39 a 0.57+0.09 b 399+1.12 b

Slow-release R2 229.06+82.89 a 1307.74+601.51 a 20.37+9.38 a  232.33+87.56 a 0.60+0.10 a 432+152 a
fertilizers R3 191.66 £66.41 b 127992 +691.56 a 19.52+15.61a 220.09+100.38 a  0.58+0.11 ab 3.61+1.40 ¢
i Ql 213.63+79.40 b 128344+65742 b 21.04+1496a 221.42+90.09 b 0.59+0.11 a 388+1.26 b
Application Q2 206.16+88.02 b 1137.09+52491 b  20.40+9.87 a  201.80+79.71 b 0.59+0.09 a 3.53+1.27 ¢

rate Q3 23728 +80.56 a 1554.42+66541 a 1829+10.04a  265.39+89.77 a 0.57+0.09 a 451+145 a

FRE W66 21523+91.49 a 1613.43+481.87 a 1533+8.10 b  270.70+68.73 a 0.55+0.11 b 451+1.10 a
Family G31 222.82+74.83 a 1036.54+651.55 b 2449+1324a 18837+90.83 b 0.61 £0.07 a 344+144 b

Gﬁiﬁﬁﬁn 219..02 +76.33 1324.98 +512.90 19.91 +10.38 229.53 +70.99 0.58 +0.09 397 +1.10

TE: SPRIORNFE + AR AMFERRESCTFRFRIRTE a=0.05 KF 225 B3

Note: mean + SD, different letters indicate significant differences between treatments.
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