FERTILITY STANDARDS FOR GROWTH OF CHINA FIR SEEDLINGS
BASED ON A STUDY OF FOREST AND NURSERY SOILS

CHEN HSIEN-FANG

INTRODUCTION

China fir (Cunninghamia lanceolata (Lamb.) Hook.) is an economically important
coniferous species in Taiwan. It grows fast and is distributed at low elevation;
therefore, in recent years this species is often planted on reforested lands or to replace
hardwood forests. The need for seedlings raised in nurseries for planting is increasing
annually. An important problem is also presented, that is how to improve the seedlings
quality and to minimize the mortality after transplanting in the field. Establishment
of fertility standards for growing this species in the nursery is one of the ways to
improve the nursery stock quality and it will then increase seedlings growth and
survival potential.

The application of fertilizers to the nursery soils may give seedlings good growth.
However, many evidences show that seedlings of maximum weight produced by heavy
application of fertilizers usually have succulent tissues, and other unsatisfactory
properties which lower their ability to survive on cut-over lands.

Wilde (13), Wilde and Patzer (16), and Youngberg and Austin (17) have pointed
out the nursery stock may possess a high survival potential when they grow with
adequate fertility in nursery soil. They set up fertility standards for forest species by
analysed numerous soils supporting natural reproduction of the species during the
past years. The mean values of these determinations, representing the average condition
of natural seedheds, were adapted as standards fer the maintenance of fertility in
nursery soils.” As many years’ experience has shown, these standards facilitate the
production of normally developed nursery stock possessing a high survival potential.

Furthermore, foliar analysis has been widely employed as a measure of the
availability of nutrients in the soil (2, 6, 10), as the concentrations of nutrients
present in the foliage provide a consistent guide to the adequacy, or otherwise, of
the nutrients supply to the plants.
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For the purpose of establishing fertility standards for growing China fir seedlings
in nurseries, numerous China fir forest and nursery soils as well as needles were
- chemically analysed for various factors concerned with the fertility of the soils. Two
kinds of forest soil were used for fertilizer tests. The results are presented in this
paper.

METHODS

This study is separated into four sections, (a) soil analysis for various faciors
concerned with the fertility in both China fir forest scoils and nursery soils, (b) foliar
analysis for various nutrients in both natural China fir tree needles and nursery
seedling needles, (c) fertilizer tests, and (d) fertility standards for growth of China
fir seedlings. t

Fifty-seven soil samples were collected from the China fir forests and nine were
sampled from the nurseries supporting China fir seedlings. Soil was taken from 0-6",
air dried, and then sieved through a 2 mm. screen. Needles were also collected at the
time of each soil sampling. According to the suggestions by Leyton and Armson (5)s
and Gessel (2) the current years’ needles were sampled from the uppermost shoot of a
China fir tree grown at the place from which the soil sample was collected. The ages
of the trees were between five and fifteen years after planting in the field; the foliage
sampling was done in September 1959,

Soils for fertilizer tests were separately collected from the China fir forests at
Chungkeng and Chuyunshan. Pot cultures with China fir seedlings were made out
of doors at Tatushan. Six-inch pots were used, with three seedlings per pct in
quadruplicate. In these tests 2200 grams of soil were weighed into a pot and then
fertilized with various treatments as shown in Tables 8 and 10. The designations Ni, P1,
and K1 indicate that the soil received nitrogen fertilizer at the rate of 100 pounds per
acre, 100 pounds P20s5 pér acre, and 100 pounds K20 per acre, respectively. The calcium
was added at the rate of 1000 pounds CaCOs per acre and the magnesium, at the rate of
20 pounds Mg per acre. The China fir seedlings at about 3 cm. height were transplanted
in the pots on June 27, 1959, and they were harvested on December 5, 1959, During the
growing period the seedlings were watered with distilled water once a day depending
upon the moisture condition of the soils. At the time of harvest the seedlings were
individually separated at the ground line, and the needles from each treatment in
quadruplicate were thoroughly mixed for chemical analysis.

The foliage tissues collected from the field, the nurseries and pot cultures were
dried to a constand weight in an oven at 70°C. The needles were ground in a Wiley
mill through a 40 mesh screen, and they were analysed for nitrogen, phosphorus,
potassium, calcium, and magnesium.

Total nitrogen was determined by the Kjeldahl method modified from Winkler(9);
the ammonia was distilled into boric acid solution and then titrated with standard
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hydrochloric acid solution. The samples of plant tissue used for phosphorus, potassium,
calcium and magnesium determinations were prepared by the usual dry ashing
method. Magnesium and phosphorus were determined by a modification of the molybdi-
vanadate method of Murray and Ashley (7). Magnesium was precipitated as magne-
sium ammonium phosphate and then estimated by comparing with phosphate standards
on a colorimeter; for phosphate the ash solution was used directly. Potassium was
precipitated as the cobaltinitrite and titrated with standard permanganate (3);
calcium was precipitated as calcium oxalate, and the oxalate titrated with permanganate
in hot sulfuric acid solution (4).

The soil was analysed for soil reaction, organic matter, total nitrogen, available
phosphorus, cation exchange capacity, and exchangeable potassium, calcium and
magnesium. Soil reaction was measured by glass electrode with a soil-water ratio of
1:1 (9).0Organic matter of the soil was determined by the potassium dichromate
method (9). Total nitrogen was determined as described above for plant tissue.
Available phosphorus was extracted with dilute sulfuric acid (12) and then estimated
by comparing with phosphorus standards on a colorimeter. Cation exchange capacity
was determined by a method modified from Peech et al. (8). The ieachate was
evaporated to dryness, treated with concentrated nitric acid and hydrochloric acid,
and dried again. The residue was then heated at 390°C., cooled and dissolved with 0.1
N HNOj;, and subjected to the same methods used in analysis of the plant tissue for
potassium, calcium and magnesium elements.

RESULTS AND DISCUSSION

1. Soil fertility.

Tables 1 and 2 reveal the chemical composition of China fir forest soils and of
nursery soils, respectively. Soil fertility varies greatly with different kinds of soil
Table 3 presents the arithmetic means of the chemical composition of China fir
forest and nursery soils. Considerable differences between the arithmetic means for
the various factors concerned with the fertility of forest soils and nursery soils
were calculated. The means for the contents of organic matter, total nitrogen,
exchangeable potassium and cation exchange capacity of the forest soils are greater
with statistical significance than those of the nursery soils (Table 3). Although the
nursery soils studied have been fertilized with compost and/or chemical fertilizers
for the growing seedlings in the year of soil sampling, it is worthy of note that the
amounts of various nutrients in most of the nursery soils are far below the levels of

means for the contents of these factors in the forest soils.
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Table 1
Chemical composition of the China fir forest soils and free needles

Chemical composition of the China fir forest soils

Chemical composition of the
needles of China fir trees

Sampling location

Sample p N

o |pn OM. C/%\l T?qtal Avail. P |Exc. K|Exc. CalExc. MglC.E.C. T % 1 Ga | Mg L oeation El:y‘l,a_
(#y*ratio| (%) | (%) !m/A. (mey* (me) | (me) (medi(%)| (%) [(me)l(me)l(me) (m)

1 e85 172 621 0.12 (000959 192f 020 | 351 105 | 6.80{1.63 0,2511 37.7 | 482 20.0 [Kulu, Rotung -
2 15300 5071 1.6 ] 019 0.00180| 37} 025 | 473 129 | 1856|1.54] 0.334| 64.5 | 225 | 194 [Ayu, Wenshan 350
3 1490 626 105 | 026 (000214 43 ] 035 | 217 | 105 | 2203|181 0.294] 47.5 { '89.1 | 17.7 {Ayu, Wenshan 340
4 la7o) 7.20] 10.2) 033 10.00052) 10} 019 | 020 | 052 | 2207|210 0.226] £8.2 ) 17.1} 24.0 |jAyu, Wenshan 330
5 1585 524 | 69} 033000256 51| 061 628 | 159 {22.95(2.44] 0.277{ 47.9 | 34.8{ 20.2 |Ayutunghouhsi, Wenshan{ 240
6 595 5521 59| 041001057 271) 094 | 1523 | 623 | 3006185 0.282] 53.7 | 96| 107 {Huayuan, Chutung 800
7 1430/14.00 ) 105 | 058 [p.00176] 35| 036 | 7.07 162 [41.84(1.64] 0.078{ 273 123 | 7.8 {HHuayuan, Chutung 430
8 1440 689) 751 0.4010.00201] 40) 036 | 094 | 062 |2890|205 0.188} 53.7} 286} 143 |[Huayuan, Chutung 985
o J4nsl 823 70! os51 000059 192 o075 | 839 | 0.96 | 2646|193 0.318] 40.8| 187 | 135 {{luayuan, Chutung 870
10 1610 508 7.9 02810001890 32] 075 | 918 | 237 2103|172 0.226) 345 42.8] 164 [Huayuan, Chutung 630
11 |sk2 388! e2]| 027000034 7] o051 6.75 245 |21.6111.42 02351 35.6 [ 26.2 | 132 {[{nayuan, Chutung 440
12 1670 6.18] 7110 03810.00943 189] 112 } 1439 | 429 | 24.4611.80 0.345] 46.2 | 20.3 | 156 Chingchuan, Chutung 800
13 665 358 65| 0.2410.00450, 90| 044 | 1019 | 245 1162|186 0.326] 461 | 183 | 228 [Chingchuan, Chutung 750
12 (720010731 85| 055 l0.00010) 182 ] 042 | 1964 | 647 |3064]215 0404} 641 163} 185 Chingchuan, Chutung 760
15 {655 7621 75| 0.44 1000504 1191 o046 | 1351 572 { 25770159 0.361] 438 { 17.3 | 20.2 [Chingchuan, Chutung 630
16 |5.70) 401 { 7.9 0221000148 30| 081 626 | 153 121081143 0.208! 4031 25.4 | 227 IChingchuan, Chutung 580
17 lesol 4221 761 0241000832 166 ] 1.37 | 1249 | 447 [21.18]1.39 0343} 48.7 | 234 | 10.2 |Chingchuan, Chutung 570
18 (575 345( 65| 023 (0.00085 17§ 075 | 1056 247 | 2612|151 0.157( 328 | 264 | 215 Taqshan, Chutung 540
19 |480 2730 62] 0190003450 69| 056 134 | 093 }33.31)1.65 0.163] 300} 264 | 251 Taai, Chutung 450
20 (620 3191 T7.3( 0.19[0.00136) 271 091 s.21 277 1 17.37|1.63 0.208] 384 | 24.9 | 139 {Taai, Chutung 450
21 1535l 436] 86] 02210001020 20] 035 | 249 161 | 2123]153 0.171] 2021 11.2] 88 |Taai, Chutung 400
22 [6.10 6.86] 85 035 000148 301 0.99 | 1062 | 237 | 2274|155 0.208] 40.0 | 488 227 /Wufeng, Chutung 330
23 lagm 163] 591 012 0.00034) 7| 022 082 | 064 |11.03{195 0.118] 224 | 284 | 164 |Shihshan, Nanchuang 220
24 1495 843 7.5 0.20 [0.00110 22| 048 | 508 1.90 | 14.27{1L75 0.192] 37.3 | 27.9 | 253 |Tienmei, Nanchuang 230
25 |532 357 ) 7.8 020000157 31) 046 344 | 205 |1411)181 0302) 37.5 | 817 | 156 Nanchiang, Nanchuang 250
26 (5300 3.7¢] 7.8 0.21 [0.00085 17| 642 | 315 144 | 18.41]1.68 0.108] 36.9| 305 | 259 |Nanchiang, Nanchuang 276
27 lssol 273) 741 0.160.00100) 20) 035 } 695 | 143 ) 1648|156 0.141] 2811 17.3 | 16.0 |Narichiang, Nanchuang 250
28 15100 289 9.3} 0.140.00100, 20 035 211 | 101 |1363]1.78 0.118| 366 { 29.0 | 194 |Nanchiang, Nanchuang 220
29 |560] 353 ] 7.0} 022000055 11| 0.41 2.82 159 | 159211.84) 0139} 312 122 14.7 [Tingkeng, Shuili 420
30 4900 263 ] 7.6 015000034 7| 017 116 | 062 |1054]107 0.131{ 216 | 15.2| 13.3 {Chungkuei, Shuil 610
31 441 6081 98] 027 jo.coodnr 8 021 027 | 021 2511142 0159] 2021 122} 194 [Toushe, Yuchih 670
32 (450 456| 79| 02510.00034 7| 024 0.37 | 025 |2325(1.43 0.118{ 316 9.1 11.8 |Toushe, Yuchih 740
33 4.55I 4821 123] 017 0000420 9] 040 | 013 | 007 ]13.26)1.46] 0151} 284 | 112} 16.3 |[Sunmoonlake 760
34 |46 486 | 75| 0.28[0.00075 15| 022 | 070°] 031 |10.84)1.85 0.198] 322 17.8{ 133 ;Sunmoonlake 710
35 1445 5057 951 023000088 12{ 017 | 016 | 015 | 1638159 0.171} 412 | 17.8| 24.2 Chungming 680
36 14.80) 3801 921 0181000039 8| 015 | 016 | 007 |13.83(1.68 0143 1991 84| 86 |Chungming 610
37 480 4.94] 10.2 ] 021 10,0002 5. 029 | 08 | 017 | 18301176 0.196] 488 2131 198 lYuchih Nursery 650
38 (43005461 10.3] 023 10.00118 24 031 | 076 | 031 | 1646160 0.016] 286 | 173 | 14.1 [Chuitzuliao, Yuchih 660
36 {5400 4831 9.2% 0.23 000084 17] 0.26 | 299 | 095 |1297{1.76 0.108] 41.8 | 19.3 | 11.8 |[Chuilzulize, Yuchih 640
40 4.90I 897 641 027000085, 17| 031 | 053 | 031 |2905|146 0.024! 3164 223 | 88 [Kanhsi, Yuchih 620
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Table 1

(cont.)

Chemical composition of the China fir forest soils and tree needles
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Sample Chemical composition of the China fir forest soils geheedx?eigagfcocr?]?::i}iigntroefe;he Sampling location
OM.| C/N |Total] Avail. P |Exc. K[Exc. CaExc.Mg|C.E.C. -
No. |pH . N N| P K Ca | Mg Location gll?r‘l,a
(%) {ratio| (%) | (#) [b.JA.| (m.e) | (me.) | (me.) (m.e.)(%)] (%) (medi(m.e.)(me.) (m.)
41 5.91 3.55 6.7 | 0.23 6.00084 17 0.54 2.98 117 | 14.08|1.79 0.056| 44.0 ; 183 | 14.7 [Kanhsi, Yuchih 630
42 |6.00 3.81 7.7 | 0.22 0.00076] 15 0.31 440 1.00 | 14.53|1.72) 0.037| 28.0} 14.2) 129 |Kanhsi, Yuchih 630
43 |4.80) 606 [ 85 0.31 0.00126] 25| 0.25 0.39 0.28 | 17.24|203 0.157] 403 | 12.2 | 194 |Chuitzuliao, Yuchih 660
44 1455 3.79 9.2 | 0.18 [0.00055 11 0.12 0.05 0.17 | 15901148 0.196| 174 6.6 | 135 [Touku, Yuchih 660
45 4.70) 2.95 86 0.15 0.00025] 5| 012 0.11 0.13 | 19.78|1.79{ 0.100| 12.7 | 19.3 8.0 |Tayen, Yuchih 640
46 445 6.38 96 | 0.29 0.00086] 17| 0.17 0.1 0.15 | 27.23|1.82) 0.251| 265 ] 11.2 | 17.3 [Liyuchueh, Puli 560
47 |497] 4457 84} 0.23 jg.00075 15| 0.12 0.11 0.15 | 23.82{2.24' 0.306| 257 | 7.1| 95 |Liyuchueh, Puli 580
48 6.20] 4.25 6.6 1 0.28 000184 37 0.14 3.10 0.14 | 1265|2.11| 0.205] 12.3 | 38.6 | 30.5 [Chiukunglin, Puli 540
49 14.80 5.11 7.2 |1 031 10.00293 59 0.16 1.29 057 | 14.28]1.97, 0.245} 383 | 17.3 | 15.6 {[Chiukunglin, Puli 530
50 1450,11.35| 10.3 | 0.48 [0.00222; 44 0.30 045 0.33 | 28.07(1.88 0.167} 14.6 | 18.2 | 194 |Tungpu, Puli 605
51 5.60 4.35 6.3 ] 0.30 0.00100] 20 0.31 10.86 091 | 1345163 0.375| 294 117 | 20.9 |Tungpu, Puli 530
52 {445 4.13 78| 0.23 .0.00092, 19 0.09 0.19 0.12 | 13.97{1.34 0.183{ 9.1{ 13.7 | 215 |Neitilin, Puli 530
53 450 3481 80| 0.190.00084 17} 012 0.28 0.10 | 2033|158 0.171| 289 | 16.3 | 13.3 |Tingshe, Shuili 680
54 144001070 1 13.7 | 0.37 ,0,00113 23| 025 0.40 045 | 3297158 0226] 265 | 22.9 | 185 |Chiapaotai, Pahsienshan| 960
55 510 547| 82] 0.29 JO,COZSG 471 0.16 1.86 073 [1736/1.58 0.318] 44.0}1 9.1 | 168 |Chiapaotai, Pahsienshani 950
56 [5.05 670 | 12.7| 0.23 0.00083 17| 0.22 117 0.48 | 1270|1.74] 0.159| 28.1 | 234 | 17.7 (Chiapaotai, Pahsienshan| 880
57 |4.45] 365] 66 0.24 I0.00083 17 0.20 140 0.50 | 12.88(2.63 0.282| 41.8 | 31.5 | 185 [Chiapaotai, Pahsienshan| 1000
*® % of oven dry weight; % m.e, per 100 grams oven dry weight, .
Key to symbols; O.M.=crganic matter; Avail. P=available pkt horus; Exc. K h bl Exc. C t !
Exc, Mg t bl C.E,C.=cation 3t ; pPH=so0il
Table 2
Chemical Composition of the China} fir nursery secils and geedling needles
Sample Chemical composition of the China fir nursery soils S:ee(ﬁ‘;:zgf L‘an?r?gsfiitriogee%flhzgz Age of
O.M.{C/N |Totall Avail. P |Exc. K |Exc. CajExc. Mg/C.E.Cl—F——F——F———————— Sampling location | ssad-
No. |pH N N| P |k | cal Mg Tings
(%) |ratiof (%) | (%) [1b.JA| (m.e) | (me.) | (me) [((m.e)(B) (%) )(m.e.) {m.e.)| (me.)
58 |5B0] 2457 0.20 5.7 |0.00156; 31.2 0,18 162 0.41 8I9[231 0.071 164 117 74 \Puli Nursery 1-0
59 6.100 3.27 | 0.22 | 6.5 (0.00189 37.8 0.28 4.76 087 | 10.39(1.42 0.162] 265 294 11.0 iI"uli Nursery 1-0
60 [4.80; 251 0.21 | 7.3 0.00157 314§ 0.10 0.86 0.38 841102/ 0.134| 135} 247 14.1 |[Puli Nursery 1-0
61 5.15f 3.39 | 0.14 | 10.5 {0.00087 13.4 0.26 2.35 164 | 11.1311.91) 0.201| 43.2 28.2 11.8 [Yuchih Nursery 1-0
62 |5.20] 268 0.12 9.7 0.00083 16.6 0.12 1.04 .12 819|126 0.126| 31.7| 544 17.3 [Yuchih Nursery 1-1
63 14.90 157 [ 0.08 85 |0.00155 31.0 0.15 1.31 0.26 6.96(2.07| 0.273| 41.3 26.6 15.0 |{Shihtowi Nursety 1-0
64 5.35 140 | 0.06 | 10.2 0.00124) 24.8 0.09 0.99 0.17 5921086 0.259{ 24.7 | 450 14.3 {Shihtowi Nursery 1-1
65 1450 723 0.26 | 12.1 0.00085 16.8 | 0.14 043 0.07 | 1837|142/ 0.086| 334 | 323 | 114 [Chuyunshan Nursery | 1-0
66 14.90; 231 0.12| 84 0.00025; 50 030 1.67 091 | 11.34(223 0.171| 27.1 | 311} 115 Chuyunshan Nursery | 1-0
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Table 3
Arithmetic means of the chemical composition of

China fir forest and nursery soils

Difference between the means of
Means of the Means of the forest and nursery soils
Factors )
[{orest soils nursery soils Difference Value of
in means “t”

Soil reaction (pH) 5.2340.103 5.16+:0.146 0.07 0.26
O.M. (%) 5.12+0.312 3.33+0.546 1.79 2.16%
Total N (%) 0.268+0.013 0.16-0.022 0.108 3.08%x*
Avail. P ( %) 0.0021+0.00036 | 0.00116+-0.00017 0.00094 1.02
Exc. K (m.e.) 0.409:-0.038 0.18:0.025 0.229 . 2.34%
Exc. Ca (m.e.) 4.33+0.600 1.69+0.586 : 2.64 1.71
Exc. Mg (m.e.) 1.36+0.192 0.54+0.161 0.82 1.65
C.E.C. (m.e.) 19.86+0.952 0.88+1.153 9.98 4.03%*

*Significant at the 5% level; *% significant at the 1% level.

The relationships between the fertility factors of soils studied were calculated.
The carbon-nitrogen ratio of the organic matter in the China fir forest soils ranges
from 59-13.7, and the mean value is 83. This result is consistent with the
carbon-nitrogen ratio of the organic matter in Taiwan agricultural soils (20), ranging
from 6 to 12 but mostly between 8 to 10. The available phosphorus content of the
arable lands in Taiwan varies with pH values of the soil (20). On acid soils, the
available amount of phosphorus is very low, and it increases continuously with rising
the pH values. This is also true of the relationship of these factors in the China fir
forest soils. A positive linear correlation (r=0.401) is found between the content of
available phosphorus in the forest soils and the pH values. The significant effect of
available phosphorus on pH values is expressed by the regression 3/\(-——0.00161X—0.00632.
The results of the present study also show that the available phosphorus level in a
great number of the China fir forest soils is lower ihan the mean value.
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Table 4

Linear correlation and regression coefficients

for the fertility factors in the China fir forest and nursery soils

Smple | Kinds Factors tested | Linear Regression coefficient
of correlation

size soil X Y coefficient, r Coefficient Value of “t”
57 F.S. O.M. Total N 0.860%* 0.0371 13.67+*
57 F.S. | OM. |C.EC. 0.552%* 1.686 4.91%*
57 F.S. C.E.C. | Exc. K 0.308* 0.0117 2.40*
57 F.S. C.E.C. | Exc. Ca 0.250 — o
57 F.S. C.E.C. | Exc. Mg 0.365%* 0.0757 2.90%*
57 F.S. pH Avail. P 0.401%% 0.00161 3.37**
9 N.S. O.M. Total N 0.785% 0.0308 3.36%
9 - N.S. O.M. C.EC. 0.823%* 1.80 9.474x
9 N.S. C.E.C. | Exc. K 0.276 — —
9 N.S. C.E.C. | Exc. Ca ~-0.053 —_— -
9 N.S. C.E.C. | Exc. Mg 0.108 e —_
9 N.S. pH Avail. P 0.506 — -

* Significant at the 5% level; **Significant at the 1% level.
Key to symbols: F.S.=China fir forest soils; N.S.=China fir nursery soils.

The contents of total nitrogen and cation exchange capacity in the China fir
forest and nursery soils are significéntly correlated with the amount of organic
matter as shown in Table 4. For the forest soils, the linear correlation coefficients
are 0.860 in the case of total nitrogen and 0552 in the case of cation exchange
capacity; their regressions are €=0.0784-0.0371X for the total nitrogen, and ¥ =11.23+
1.686X for the cation exchange capacity. For the nursery soils, the correletion
coefficients and regression equations are 0.785 and SA('=O.0574+O.0308X for the amount
of total nitrogen and 0.823 as well as ?———8.885+1.80X for the cation exchange capacity
compared with the content of organic matter.

The amount of available potassium in some nursery soils shows a positive
correletion to the cation exchange cepacity (15). In the present study, no statistical
significance has been observed for the relationship of the contents of exchangeable
potassium, calcium and magnesium in the China fir nursery soils to the cation
exchange capacity. However, significant linear correlations are for the concentration
of exchangeable potassium in the forest soils to the cation exchange capacity (r=0.308),
and for the exchangeable magnesium as well (r=0.365). The regression equations
are §=0.177+0.0117X for the exchangeable potassium on the cation exchange capacity,
and ?:0.0757X-—-0.143 for the exchangeable magnesium.
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2. Foliar analysis

In attempting to evaluate the effects of various nutrients in soils, soil analysis
was supplemented with analysis of the [oliage. The chemical composition of the needles
of China fir trees is also shown in Table 1. The chemical composition of thé needles
of China fir seedlings on the nursery soils is listed in Table 2. Table 5 presents the
arithmetic means of the chemical composition of China fir tree and seedling needles.
The arithmetic mean for the content of calcium is significantly higher in the needles
of seedlings on the nursery soils, while that for the level of magnesium is greater in
the foliage of trees. No significant difference between the means for the amounts
of nitrogen, phosphorus and potassium in the needles of the trees and those of the

seedlings is observed.

Table 5

Arithmetic means of the chemical composition

of China fir tree and seedling needles

Nutrient Means of the Means of the  [Difference between . the means
elements tree needles seedling needles Difference Value of
in means “t”

N (% 1.74+0.038 1.61:£0.171 0.13 1.10

P (%) 0.20+0.012 0.1760.019 0.024 0.73

K (m.e.) 35.164-1.572 28.60+3.155 6.54 1.55

Ca (m.e.) 21.0241.285 31.5+3.851 10.48 2.88%*

Mg  (m.e) 16.89-0.663 12.6:-0.898 4.29 2.48%

* Significant at the 5% level; **Significant at the 1% level.

The relationship between nutrient supply and mineral composition in mature
foliage has been observed by investigators (6,10). When only one nuirient is limiting
growth, the response in the concentration of that nutrient in the leaves to increasing
supplies, generally follows a curve of diminishing returns, reaching a maximum at
levels of supply beyond those optimal for growth. In the suboptimal range of nutrient
supply, concentrations rising linearly throughout the range of supply have been
observed.

Thomson and McComb (11) have found that the amounts of potassium and calcium
in the leaves of black walnut in southeastern Ilowa were significantly correlated
with the level of exchangeable potassium and calcium found in the surface soils. As
in that area, a limiting supply of potassium and/or calcium were the most important
factors associated with poor walnut growth. Chen (1) also reported that the contents
of magnesium and phosphorus in the needles of Cryptomeria in Taiwan were positively
significantly correlated with the concentrations of the exchangeable magnesium and
available phosphorus observed in the surface soils.
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Table 6

Linear correlation and regression coefficients between
the nuirients of soils and of China fir foliage

Linear . . .
Sample Nutriont elements tested corrg!afﬁion Regression coefficient
size COEfi}Clent Coefficient | Value of “t”
Forest soils Tree foliage
57 Total N N 0.289* 0.782 2.14*
57 Avail. P P 0.649k* 19.911 6.17+x
57 Exc. K K 0.099 — —
57 Exc. Ca Ca 0.152 —_ —
57 Exc. Mg Mg 0.027 — —
Nursery soils \ Seedling foliage
9 Total N N —0.036 — . —
9 Avail. P P ~0.074 —_ —
9 Exc. K _ K 0.245 —_ —
9 Exc. Ca Ca —0.200 — —
9 Exc. Mg Mg —0.358 —_ C—

* Significant at the 5% level; **significant at the 1% level.

In the present istudy the contents of nitrogen and phosphorus in the needles of
China fir trees were significantly correlated with the levels of total nitrogen and
available phosphorus found in the forest surface soils (Table 6). The regression for
the nitrogen of tree foliage on total nitrogen of the soils is ?:1.53+0.782X. The
significant effect of the amount of phosphorus in the tree foliage on available
phosphorus in the surface soils is expressed by the regression ?=19.911X-0.0218. The
positive and remarkable linear correlation coefficients of total nitrogen and available
phosphorus in the China fir forest surface soils with foliage nitrogen and phosphorus
(r=0.289 and 0.649) indicate that these elements may be limiting China fir growth on
poorer soils. Of these factors, phosphorus was the most important factor limiting the
China fir growth on the soils studied.

3. Fertilizer tests _

Table 7 reveals the chemical properties of the soils used for pot cultures. “The
soils collected at Chungkeng and Chuyunshan are Dah-an sandy clay loam (19). The
concentrations of various factors concerned with the fertility of Chungkeng soil
were low as compared with the means for the factors in the China fir forest soils.
With higher levels of total nitrogen and exchangeable potassium Chuyunshan soil
was more productive than Chungkeng soil. See’dliﬁgs!grown on these two kinds of
soil, therefore, responded differently with fertilizer applications.



Table 17

Chemical properties of the soils used for pot cultures

Organic | Total | Avail P. "'p o x |gxe. Ca [Exc. Mg| C.EC.

Soil pH matter N —

(%) (%) | (%) [1b./A. (me) | (me) | (me) | (me)
Chungkeng | 540 |  2.82 0.13 | 0.00002| 183 | o255 | 167 | o8t | 1295
Chuyunshan | 488 | 683 036 |0.00087) 17.4 | 0733 | 196 | 115 | 2280

Tables 8 and 10 present the mean height, dry weight and chemical composition of
China fir seedlings on Chungkeng soil and on Chuyunshan soil, respectively, On the
basis of increased mean height, the seedlings on Chungkeng soil with various
fertilizer treaments are mostly taller than the control plants, but the increases are
not statistically significant. On the other hand, the seedlings on Chuyunshan soil
responded very significantly with all the fertilizers except N;P1KiCa treatment as
compared with the control plants (Tables 11 and 12). The seedlings with PiKi
treatment yielded the greatest height increase. However, when another element (or
elements) was added to P1K1 fertilizer as in NiPiKi, N1P1KiCa, and NiP1KiCaMg
treatments, the growth of seedlings was depressed.

Table 8
Mean height, dry weight and chemical composition of the

China fir seedlings grown on Chungkeng seil

Mean Mean dry Chemical composition of needles
Treatments | (FIEME | Wl N p K Ca Mg

(cm.) (gm.) (%) (%) (me) | (me) (m.e.)
Control 7.4 0.37 1.27 0.105 28.5 25.0 225
P1K1 8.1 0.44 141 ). 0.291 475 . 276 16.2
N1Ki 7.1 0.37 1.36 0.139 41.0 40.2 16.8
NiP1 .15 0.40 1.34 0.260 39.6 32.2 19.7
Ni1P1K1 84 0.42 1.47 0.306 425 32.7 21.1
NiPi1K1Ca 9.8 0.53 1.23 0.338 29.2 48.1 11.2
NiPiKiCaMg| 8.0 0.53 1.71 0.285 28.6 58.6 25.3
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Table 9
Analysis of variance of the mean heights of scedlings
on Chungkeng soil with various treatments
Source of Degrees of | Sum of Mean Observed | F.o5 F.o1
variation freedom squares square F value value value
Total 27 49.66
Treatments 6 18.99 3.17 2.17 2.57 3.81
Pots having
same treat- 21 30.67 1.46
ment
Table 10

Mean height, dry weight and chemical compbsition of

the China fir seedlings grown on Chuyunshan soil

Mean Mean dry Chemical composition of needles
' height weight
Treatments of shoot | of shoot N P K Ca Mg
(cm.) (gm.) (%) (%) (m.e.) | (m.e.) (m.e.)
Control 7.3 051 | 174 | 00908 52.2 27.9 6.3
" Pi1K1 12.9 1.08 1.46 0.198 54.7 26.1 16.8
NiK1 11.3 0.85 1.59 0.171 40.8 334 17.1
Nip; 10.7 0.77 1.59 0.174 50.0 31.8 19.1
NiP1K1 11.3 0.77 1.55 0.183 51.3 33.3 154
" N1P1Ki1Ca 7.0 0.40 1.59 0.163 414 41.3 11.6
*N1P1KjCaMg 115 0.75 1.50 0.202 42.6 41.2 10.7
Table 11
Analysis of variance of the mean heights of secedlings
on Chuyunshan soil with various treatments
Source of Degrees of | Sum of Mean Observed | F.os F.o1
variation freedom squares square F value value value
Total 27 163.93
Treatments 6 111.70 18.62 7.48%* 2.57 3.81
* Pots having ’
same treat- 21 52.23 2.49
ment

*% Significant at the 1 % level.
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Table 12

Differences among the mean heights of sesedlings on

Chuyunshan soil with various treatments

Mean Differences among the mean heights
Treatments | height

(cm.) (cmJ)
P1K1 12.9 5ok 560k 22 16 16 14
NiPiKiCaMg| - 115 45% 42 08 02 02
N1P1K1 11.3 4.3 40% 06 0.0
NixK1 11.3 4.3%  4.0%* 0.6
NP1 10.7 3.7k Z4wx
Control 7.3 . 03
N1P1Ki1Ca 7.0

*% Significant at the 1% level.
D.5=2.080 x 1/2.49x2[4=2.32% D.n=2.831 x 1/2.40%2]4=3.16

The productive arable soils in Taiwan respond to nitrogen fertilizer more strikingly
than less productive soils (20). It is also true of the China fir forest soils; the seedlings
on Chuyunshan soil with nitrogen fertilizer show greater response than the seedlings
on Chungkeng soil.

It is worthy of note in this study that the phosphorus level in the needles of
seedlings is related to the height increase in pot cultures. With greater growth in
height the seedlings accumulated a high percentage of phosphorus in the needles. On
the contrary, the seedlings contained low phosphorus content in foliage and the
growth was thus depressed. As shown in Tables 8 and 10, the amounts of phosphorus
in the needles of seedlings on Chungkeng soil with NiKi, NiPi and the control, as
well as in the foliage of those on Chuyunshan soil with N1P1Ki1Ca and the control are
relatively lower than those in needles of seedlings grown on the same soil with other
treatments; their mean heights are smaller as well

4. TFertility standards for growth of China fir seedlings.

After making a comparative and detailed study of all the factors concerned with
the fertility of China fir forest and nursery soils, fertility standards for raising this
species in the nursery may be made as shown in Table 13. With slight modifications
the mean values for various factors concerned with the fertility of China fir forest
soils may be adapted as standards for the maintenance of fertility of nursery soils.
The growing season is long for China fir seedlings in nurseries in Taiwan. If other
factors and the fertility of nursery soils are adequate, strong and plantable size
seedlings will be expected at the end of one growing season. Nurserymen generally
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desire to have 1-0 plantable China fir seedlings. This is not only to shorien the time
for growing this species in the nursery but also to lower the cost. Therefore, it is
reasonable to believe that the fertility standards will meet the requirements of China
fir seedlings in nurseries though the levels of total nitrogen, available phosphorus and
cation exchange capacity listed in Table 13 are higher than the standards for conifers
with Wilde (14).

Table 13
Fertility standards for raising China fir

seedlings in forest nurseries

Soil Total | Available Exchange- | Exchange- | Exchange- ’Cation exchange
reaction N P able able able capacity
CPHD T K Ca Mg

(%) | (%) Ib.[A. (m.e.) (m.e.) (me) | (m.e.)

5.2 [ 0.27 {0.002 40 ‘ 0.40 | 45 15 | 20

One of the important aspects of the reaction of nursery soils is its effect on
parasitic fungi which attack the roots of seedlings. Severity of damping-off disease
of China fir seedlings in some nurseries in Taiwan has been investigated (18). A
desirable reaction range of nursery soils between pH 5 and 55 has been suggested
for most coniferous species (14). In the present study the mean values for the
reaction of the China fir forest soils and for that of the nursery soils were at the
same point pH 5.2. It is wise to keep the reaction of nursery soils for growing China
fir seedlings at this criterion to avoid attack from damping-off disease.

The nursery soils studied were mostly low in organic matter. The low content of
organic matter in soils may be the main cause of their low productivity. Furthermore,
the fact that productive soils respond to fertilizers more strikingly than less produc-
tive soils has been confirmed by the fertilizer tests in the present study. In fact,
1-0 Jack pine seedlings grown on the soil with NP K fertilizers plus peat show higher
survival percentage after planting in the field than the seedlings on the soil with
NPK feriilizers alone (14). It is suggested to use green manture and stable manure
along with chemical fertilizers fer the maintenance of fertility of nursery soil up to
the standard levels so as to raise the productivity of the soil

SUMMARY

Soil and foliar analyses as well as fertilizer tests were used for the study of the
fertility of China fir forest and nursery soils. Fifty seven samples each of soil and
of China fir tree needles were collected from the China fir forest lands; nine samples
each of soil and of the needles of China fir seedlings were collected from the

nurseries. Soil was analysed for pH value, organic matter, total nitrogen, available
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phosphorus, exchangeable potassium, calcitm and magnesium, and cation exchange
capacity; foliage was analysed for nitrogen, phosphorus, potassium, calcium and
magnesium elements.

The arithmetic means {or the contents of organic matter, total nitrogen, exchan-
geable potassium and cation exchange capacity in the forest soils are significantly
greater than those for these factors in the nursery soils. The carbon-nitrogen ratio
of the organic matter in the forest soils ranges from 5.9-13.7, and the mean is 8.3. A
linear correlation is found between the content of available phosphorus in the forest
soils and the pH values. Total nitrogen and cation exchange capacity in both the
forest and nursery soils are significantly correlated with the content of organic
matter. The correlation between the amounts of exchangeable potassium and magne-
sium in the forest soils and the cation exchange capacity are found to be linear and
significant.

The means for the contents of calcium and magnesium in the China {ir tree leaves
show significant differences from those for these elements in the seedlings on the
nursery soils. The contents of nitrogen and phosphorus in the needles of China fir
trees are linearly cerrelated with statistical significance with the levels of total
nitrogen and available phosphorus found in the forest surface soils. These relationships
indicate that these elements, especially available phosphorus, may be limiting China
fir growth on less productive soils.

The seedlings grown on Chuyunshan soils responded significantly with the ferti-
lizer applications. However, no response for the seedlings on Chungkeng soils was
found. The phosphorus concentration in the needles of seedlings is related to their
growth in height in pot cultures. With greater height increase, the needles accumulate
a higher percentage of phosphorus. Contrarily, a lesser amount of phesphorus in the
depressed seedlings is observed.

Fertility standards for maintenance of the fertility of nursery soils for raising
China fir seedlings are suggested.
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