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

CHEN HSIEN-FANG

INTRODUCTION

Cryptomeria (Cryptomeria japonica D. Don) has been introduced from Japan and
nowadays it is a major species in the coniferous forests elevated between 800 and 2,200
meters in Taiwan. It is economically important, especially as a very useful timber
for house construction, bridges, etc. Numerous seedlings of Cryptomeria are annually
planted on reforested lands or to replace hardwood forests. Better forests always result
from healthy seedlings. In recent years foresters in Taiwan have worked on the
problem of quality improvement of seedlings in the nursery. The maintenance of
fertility in nursery soil at an adequate level for the growth of seedlings is one of
the ways to improve nursery stock quality. Unfortunately little is known about the
fertility standards for growing this species in the nursery, and foresters concerned
with securing a rapid growth of healthy seedlings are handicapped by this lack of
information. The importance of fertility standards for growing tree species in
nurseries has been pointed out by Wilde (12), Widle and Patzer (14), and Youngberg
and Austin (15). The nursery stock may possess a high survival potential when they
grow with adequate fertility in nursery soil. '

In order to establish fertility standards for growing China fir seedlings in
nursetries, the fertility of China fir forest and nursery soils were studied previously
(1) by means of soil and foliar analyses as well as fertilizer tests. In the present
study the same methods are followed for the purpose of establishment of fertility
standards for raising Cryptomeria seedlings in nurseries.

METHODS

The present study is separated into four sections, (a) soil analysis for various
factors concerned with the fertility in both Cryptomeria forest and nursery soils,
(b) foliar analysis for various nutrients in both Cryptomeria tree needles and nursery
seedling needles, (c) fertilizer tests, and (d) fertility standards for growth of Crypto-

meria seedlings.
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Fifty four soil samples were collected from the Cryptomeria forests and eight

were sampled from the nurseries supporting Cryptomeria seedlings. Soil was taken
from 0-6”, air dried, and then sieved through a 2 mm. screen. Foliage was also collected
at the time of each soil sampling. According to the suggestions by Leytcn and Armson
(5), and Gessel (2), the current years foliage was sampled from the uppermost
shoot of a Cryptomeria tree grown at the place from which the soil sample was
collected. The ages of the trees were between five and twenty vears after planting
in the field; the foliage sampling was done in September 1959,
n Soils for fertilizer tests were separately collected from the Cryptomeria forests
at Chuyunshan. Pot cultures with Cryptomeria seedlings were mede ocut of doors at
Tatushan. Six-inch pots were used, with three seedlings per pot in quadruplicate. In
these tests 2,000 grams of soil were weighed into a pot and then fertilized with
various treat;ments as shown in Tables 8 and 11. The designation Ni, Pi, and Ki
indicate that the soil received nitrogen fertilizer at the rate of 100 pounds per acre,
100 pounds P205 per acre, and 100 pounds K20 per acre, respectively. The calcium was
added at the rate of 2,000 pounds CaCOj3 per acre, and the magnesium, at the rate of
20 pounds Mg per acre. The Cryptomeria seedlings at about 4 cm. height were
transplanted in the pots on June 27, 1960, and they were harvested on December 25,
1960. 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 cf harvest the
seedlings were individually separated at the ground line, and the needles from each
treatment in guadruplicate 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 the‘y were analysed for nitrogen, phosphcrus,

potassium, calcium, and magnesium.

Total nitrogen was determined by the Kjeldahl method modified from Winkler
(8); the ammonia was distilled into boric acid solution and then titrated with stan-
dard 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 (6). Magnesium was precipitated as
magnesium 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 cobaliinitrite and titrated with standard permanganate (3);
calcium was precipitated as calcium oxalate, and the oxalate titrated with permanga-
nate in hot sulfuric acid solution (4).

The soil was analysed for soil reaction, crganic mattier, 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 (8). Organic matter of the soil was determined by the potassium dichromate
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method (8). Total nitrogen was determined as described above for plant tissue.
Available phosphorus was extracted with dilute sulfuric acid (11) and then estimated
by comparing with phosphorus standards on a colorimeter. Cation exchange capacity
was determined by a method modified from Peech et al. (7). The leachate 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 HNO3, and subjected to the same method used in analysis of the plant tissue for

potassium, calcium and magnesium elements.

RESULTS AND DISCUSSION

1. Soil fertility.

Tables 1 and 2 present the chemical composition of Cryptomeria forest soils and
oi Cryptomeria nursery soils, respectively. Soil fertility varies greatly with different
kinds of soil. Table 3 shows the arithmetic means of the chemical composition of
Cryptomeria forest and nursery soils.

The mean for the concentration of exchangeable magnesium in the forest soils is
higher with statistical significance than that oi the nursery soils (Table 3). Although
the means for the contents of soil reaction, organic matter, total nitrogen, available
phosphorus, cation exchange capacity, and exchangeable potassium and calcium in
the Cryptomeria forest soils are greater than those of the nursery soils, the difleren-

ces are not significant.

Table 1
Chemical composgition of the Cryptomeria forest soils and éree needles

Chemical composilion of the

Sample: Chemical composition of the Cryptomeria forest, soils Ineedles of Cryplomeria tree Sampling location

{o.m.{Tataly vail. ixc. _CalExe. EC{N]| P Ca | M . Eleva-
No. [pn| O} & ’,Ca’f,-\]o (/;5; 'l]bAI;A‘ e e o eS|l ¢ ,!(m‘?e.xm.i.),‘(m_i) Location ton
1 484 837 040] o1 '0.00271 542 0352| 065 | 049 | 352 |241] 0207 27.0 | 243 | 24.7 [Tayenshan 1400
2 14924 767 038| 880.00102] 204 0468 | 058 | 053 | 267 |2.13| 0228 21.6 | 123 | 21.3 [Tayenshan 1160
3 |610 332 026| 56001624 3249 0136 | 422 | 096 | 7.5|1.50| 0276 286 | 344 | 17.7 [Kuly, Rotung —
4 |6200 7.18 0.35] 89 (0.00528 1057 0446 | 593 | 162 | 19.3 |1.98 0378 193 | 287 | 242 [Tayenshan 200
5 |4.60( 1272 074 7.5(0.00160| 320/ 0354 | 1.07°{ 0.69 | 39.0 {1.94] 0.261 19.2 | 233 | 204 [Tayenshan 950
6 580 1292 068 | 83[0.00135 27.1| 0722 | 248 | 152 | 344 |1.82) 0.228 204 | 235 | 168 [Tayenshan 1000
7 |5.10[ 1487 095| 68 (000322 644] 0478 | 4.23 | 190 | 47.6 (185 0235 27.2| 17.7 | 18.1 (Tayenshan 1000
8 |580 999 045 | 89000175 350 0.103| 1.73 0.26 | 28.1|1.72] 0.259] 19.6 | 24.6 | 23.0 [Ayu, Wenshan 340
9 (525 479 026| 80 [0.00136 27.20 0347 047 | 084 | 19.0 |166 0281 339 | 225 | 21.7 {Ayu, Wenshan 300
10 {590 467 026] 7.8[0.00119) 237 0506 336 | 1.33 | 187|197 0314 382 | 252 | 204 |Ayu, Wenshan 280
11 1530 507 019 116 0.00186 87.2 0251 | 473 | 129 | 186 |1.84| 0.344] 486 | 17.1 | 17.7 |Ayu, Wenshan 340
124900 6.26 026 105 (0.00214] 4290 0351 217 | 1.05 | 230177} 0.314) 44.1 | 244 | 21.7 |Ayu, Wenshan 340
1314700 7.290 0.31 | 10.2 /0.00052 104 0.185| 0.20 0.52 | 221 [1.87] 0.245 385 { 182 | 30.5 |[Ayu, Wenshan 330
14 |5.20 10.90| 0.55 | 86 [0.00289 579 0.632| 670 | 267 | 375 [161] 0.190] 133 | 345 | 25.1 {Ayu, Wenshan 520
15 14700 7.03 037 | &3 [0.00153 305 0.223| 041 | 061 | 27.0 {177 0.163] 221 | 57.3 | 17.3 |Ayu, Wenshan 480
16 |585 524/ 0.33] 6.9 [0.00256] 511 0.613| 628 | 1.59 | 203|240 0.210] 37.9 | 423 | 30.3 |Ayu, Wenshan 340
17 [515) 668 036 | 7.4 [0.00087, 174] 0287 119 0.92 [ 267 [1.82| 0.171] 34.0 | 35.7 | 24.2 |Ayu, Wenshan 340
18 14.30) 13.99] 0.58 | 105 0.00176 352 0359 | 7.07 | 162 | 41.8|1.72| 0.163 213 | 234 | 17.7 {Muayuan, Chutung 930
19 [7.20 10.73) 055 | 85 0.00910] 182.01 0415 | 10.64 | 6.47 | 30.6 |1.76] 0.269 31.0 | 33.5 | 324 |Chingchuan, Chutung | 760
20 {7.000 272] 012 | 99 |0.01383 276.5] 0430 | 813 | 110 | 19.9 |2.03 0.341| 313 | 304 | 305 [Chingchuan, Chutung 570




Table 1
Chemieal composition of the Cryptomeria forest soils and tres needlos

(Cont.)

Chemical composition of the Cryptomeria forest soils

Chemical composition of the

Sampling location

Sample , necdles of Cryptomeria tree

| Tola { . . 1 . Eleva-
No. 1o |2 & Sabto] é;;ﬂ'b.z_ VAN A R o A (19\1@ () sl dlemes Location ton |
21 |6.80| 4.22 0.24| 7.6 /000831 1662 1.372| 1249 | 447 | 21.2|2.21] 0406) 49.6 | 203 | 219 [Chingchuan, Chutung 570
22 |5.05 670 023 12.7 [0.00083 17.00 0215] 140 | 050 | 129 176 0.218] 327 | 158 | 194 |Chiapaotai, Pahsienshan| 880
23 |4.90) 7.39) 0.281 11.5)0.00483 965 0.356{ 095 | 042 | 14.8] 220 0.310| 480 | 26.5| 17.7 |Chiapaotai, Pahsienshan| 910
24 [4.95 865 0421 9.0]0.00173 345 0255 210 | 076 | 277|223 0259 358 30.2 | 334 |Chiapaotai, Pahsienshan| 1050
25 |6.25 10.04) 045] 0.7 (0.00223| 446 0.222] 17.88 | 1.95 | 29.0| 1.59 0.225/ 26.7 | 29.3 | 239 |Chiapaotai, Pahsienshan| 980
2 (760, 822 027 13.210.01115 2237 0.348 ) 14.54 412 | 21.9] 169 0214} 26.0 | 230 | 28.2 |Malun, Pahsienshan 2250
27 {545 951 040] 10.3 0.00056) 111 0213| 037 | 286 | 385|292 0202 250 | 385 | 345 |Malun, Pahsienshan 2250
28 J4921 896 035 11.1[0.00027 4.9 0416] 1.59 056 | 889 | 1.89 0.245] 80.1 | 19.8.} 156 |Malun, Pahsienshan 2250
29 j4.55 796 0.32] 1081000145 289 05511 3.68 109 | 219 1.85 0159 26.2| 1871 154 {Malun, Pahsienshan 2250
30 |s570] 643 0.24 | 11.7]0.00042| 85 0569] 179 0.67 | 261|293 0379 484 | 185 | 228 [Malun, Pahsienshan 2250
31 [4.70] 746 028 11.6 (0.00085 17.1] 0268] 020 | 025 | 214 ] 091] 0063 33.2| 353 ] 152 |Malun, Pahsienshan 2250
32 |455 1113 043 11.3[0.00868| 123.6] 0353 ) 2041 | 081 | 364 | 286 0.426 67.3{ 160 17.3 [Sinshan, Pahsienshan | 2150
33 15300 424 014 132 [0.00034] 67 0696 073 | 042 | 156|143 0137 365 23.2| 234 |Sinshan, Pahsienshan | 2200
34 1470 1143 049] 9710.00107 215 0.242] 060 | 0.14 | 352 181 0.163] 37.9 | 30.0 | 13.7 |Shihwenhsi, Pahsienshan| 2250
35 1473 933 043 94 (0000217 a2 0260] 049 029 | 418 1.53 0.124) 20.0 | 26.3 | 20.8 |Shihwenhsi, Pahsienshan| 2250
36 418 1212 039 135 [0.00156] 312 0227 027 031 | 2331073 0131 275 4251 11.2 |Sinshan, Pahsienshan 2300°
37 1495 885 027 143000152 305 0341| 094 | 069 | 166|163 0181 20.0 | 203 232 {Sinshan, Palisienshan 2230
38 499 842 037] 990.00051 102 0208} 250 | 030 | 208280 0.308 268! 2211 24.2 |[Arishan 2100
89 |55 16.74) 0.73 | 10.0 [0.01041} 2081 0592 | 1956 | 086 | 363 | 1.79 0.247 315 317 | 4.1 jArishan 2200
40 {400 1090 049 ©.7,0.00276] 552 0342 020 | 063 | 17.8 | 1.95 0.193) 178 | 34.5] 11.8 |Arishan 2200
41 {460 1035 049 9.2 /0.00104] 208 02511 069 | 052 | 203|192 0155 258| 4311 5.3 |Arishan 2200
42 ja60] 479 026 80 [0.00500) 1183 0.267 | 147 | 049 | 141|202 0193 219} 37.5] 16,6 JArishan 2250
43 |430] 7.60] 0391 850.00124 24.8 0421 | 053 | 051 | 239|117 0147 180 211} 105 |Arishan 2250
424|509 678 035 84 [0.00209] 419 0327| 549 | 000 | 166 | 1.72 0.249) 224 | 19.3 | 1.7 |Arishan 2250
45 1455 6823 0.33| 90000339 67.8 0233| 557 | 0.28 | 233198 0251 283 | 236 | 122 {Arishan 2250
46 [3.88 951 033 125(0.00457 913 0304| 195 | 058 | 121|286 0355 23.6 ] 345 | 224 |Arishan 2200
47 {a48| 552 0.22] 109 |0.001500 300 03011 155 | 036 | 9.1]|146 0300 27.74 327 | 14.7 |Arishan 2200
48 |38s 773 0.26] 128 /0.00218] 435 0256 | 220 | 041 |.11.0|1.89 0.275 25.0 | 32.7| 143 |Arishan 2100
49 1430 1350 053 111 000147 204 0341 | 020 | o061 | 308|187 0222 243 | 824 | 166 |Arishan 2000
50 |4.15 1204 060 &7 |0.00152 304 0201 375 | 136 | 30.1 | 297 0.300] 205 | 286 | 21.9 |Arishan 2000
51 14.80] 922 044 911000089 178 0330 205 { 053 | 337218 0202 132] 29.2| 152 |Arishan 2000
52 1500 470 0.31] 6.6[0.00098 156/ 0467 192 | 121 | 235|177 0159 274 | 30.0 17.5 |Chuyunshan 900
55 |450) 1060 037 | 125000078 157 0190 | 031 | ©0.20 | 322 161 0.192 182 | 155 204 [Chuyunshan 880
54 Jao0l 591 031| 83000120 239 0294 | 144 | 060 | 203163 0125 20.8| 525 | 17.3 |Chuyunshan 1000

* % % of oven dry weight; %% me. per 100 grams oven dry weight. .
Key to symbols; pH=soil reaction; O.M.==organic matter; Total N=total nitrogen; C/N ratio=carbon-nitrogen ratio; Avail. P=available phosphorus;
Exc, Mg=excl

Exc. K=exchaugeable potassium; Exc. Ca=exchangeable

1,

mag

Table 2

C.EC.=cation exchange capacity,

Chemical composition of the Cryptomeria nursery soils and seedling needles

Chemical composiiion of the

Sample Chemical composition of the C,ryptcmeria nursery soils | =0 of Cryptomeria seedlings Aog[e Sampling
oM. [Tl ¢ i . K[Exc. CalExc. MglCEC. - .

No. fol| o33 @) raltio—(%% e [ G| maitmas] by | 5y [amed oy M8 [525] tocation
55 {500 7.48 033 0.0 [0.00243 485| 0579| 195 045 | 256 1.87] 0.204| 369 | 204 | 135 {1-1 {Pahsienshan Nursery
5§ 14.90] 6.05 0.28 | 04 0.00033] 64| 1.081 0.89 036 | 208| 194} 0450| 451 | 3835.] 126 | 1~0 |Pahsienshan Nursery
57 [4.75] 1397} 0.39 | 15,6 (0.00144] 200 | 0416 | 527 105 | 353 | 277) 0.191] 36.0 | 482 | 156 | 1-0 [Tayenshan Nursery
58 1482 1057 051 90 [0.00072 145| 0301] 1.32 045 | 329 | 1.53| 0.087) 353 | 452 | 165 | 1~1 |Tayenshan Nursery
59 14.31 697 0.26 | 11,7 10.00077 154 0.225) 034 044 250 1.29] 0.088| 328 | 27.3 6.5 | 10 |Chuyunshan Nursery
60 1447 582/ 0.25| 10.1 [0.00077| 154 | 0386 042 013 | 214 2.01] 0.179] 41.8 | 354 | }22 | 1~0 [Chuyunshan Nursery
61 |443 302 014 | 94 (000034 67] 0108} 070 0.2t 119} 088| 0.082] 206 | 39.6 6.7 | 1-~1 iChuyunshan Nursery
62 , 5.23 4920 0.21 | 10.2 {0.00110{ 220 | 0.267{ 368 062 | 132] 094 0.345] 431 | 495 95 | 2~0 [Arishan Nursery
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Table 3
Arithmetic means of the chemical composition
of Cryptomeria forest and nursery soils

Difference bfetfween
the means of forest
Pactors Means of the Means of the and nursery soils
forest soils nursery soils Difference| Value of
in means “t”
Soil reaction (pH) 5.11+-0.114 4.70+0.106 0.41 1.903
Organic matter (%) 8.44+0.408 7.35+1.138 1.09 1.302
Total N (%) 0.38-£0.021 0.30-+0.038 1 008 1.677
Avail. P. (%) 0.0027+0.00046 0.00099+0.00023 0.00171 1.115
Exc. K (m.e.) 0.382-0.027 0.414+0.094 0.034 0.321
Exc. Ca (m.e.) . 4.07+0.799 1.82+0.584 2.25 1.463
Exc. Mg (m.e.) 1.50+0.192 0.46+0.093 1.04 2.293*
C. E. C. (m.e.) 25.44+1.293 23.3+2.754 2.14 0.704

* Significant at the 5% level.

The relationships between the fertility factors in the soils were calculated. The
carbon-nitrogen ratio of the organic matter in the Cryptomeria forest soils ranges
from 5.6-14.3 and the mean value is 9.8. This mean value is slightly higher than that
of the China fir forest soils (1).

A positive correlation (r=0.501) is found between the content of available phos-
phorus in the Cryptomeria forest soils and the pH values. The regession equation is
§'=0.00211X——0.00808. Furthermore, the result of the present study also shows that the
available phosphorus level in a great number of the Cryptomeria forest soils is lower
than the mean value. Such result is consistent with that of the China fir forest soils
. )

The amounts of total nitrogen and cation exchange capacity in the Cryptomeria
forest soils are significantly correlated to the amount of organic matter as shown in

Table 4. The coefficients are 0.900 in the case of total nitrogen and 0.705 in the case
* of cation exchange capacity. Their regressions are ¥ =0.057X ~0.101 for the total nitro-
gen, and §?=3.083X—0.580 for the cation exchange cabacity. However, no significant
relationship is observed between these factors in the nursery soils.

Although significant linear correlations for the contents of exchangeable potassium
and magnesium in the China fir forest soils to the cation exchange capacity have
been observed (1), no significant correlation between these factors in the Cryptomeria
forest soils in the present study is found.
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Table 4
Linear correlation and regression ceoefficients for
the fertility factors in the Cryptomeria forest and nursery soils.

Size | Kinds Linear Regression coefficient
of of I'ertility factors tested correlation 0 AValue Ofﬁ
sample | soil coefficient, r | Coetficient “t”
b4 F.S. O.M. and Total N 0.900%* 0.057 14.7770%%
54 I.s. O.M. and C.E.C. 0.705%* 3.083 9.382%%
54 F.S. C.E.C. and Exc. K 0.072 — —
54 F.S. C.E.C. and Exc. Ca 0.249 — —
54 F.S. C.E.C. and Exc. Mg 0.167 — —
54 F.S. pH and Avail. P 0.501%* 0.00211 4258k
8 N.S. O.M. and Total N 0.700 - -
8 N.S. O.M. and C.E.C. 0.597 — —
8 N.S. C.E.C. and Exc. K 0.149 — —
8 N.S C.E.C. and Exc. Ca 0.685 — —
8 N.S. C.E.C. and Exc. Mg. —0.052 — —
8 N.S. pH and Avail. P 0.479 — —

*kSignificant at the 1% level.
Key to symbols: F.S.=Cryplomeria forest soils; N.S.=Cryptomeria nursery soils,

2. Foliar analysis

In attempting to evaluate the effects of various nutrients in soils, soil analysis
was supplemented with analysis of the foliage. The chemical composition of the
needles of Cryptomeria trees is also recorded in Table 1. The chemical composition
of the needles of Cryptomeria seedlings grown in the nurseries is listed in Table 2.
The arithmetic means of the chemical composition of the foliage of trees and
seedlings are shown in Table 5.

The arithmetic means for the contents of potassium and calcium in the needles
of seedlings are significantly higher (.05 and .01, respectively) than those of trees.
On the other hand, the mean for the amount of magnesium in the needles of seedlings
is smaller with statistical significance (.01) than that of trees. In fact, the level ¢f
exchangeable magnesium in the Cryptomeria forest soils averages higher than that of
the nursery soils in the present study. The trees, therefore, may accumulate more
magnesium in the foliage and decrease concomitantly the absorption of pctassium
and calcium. The differences between the means for the contents of nitrogen and

phosphorus in the needles of trees and those of seedlings are not significant.
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Table 5
Arithmetic means of the chemical composition

of Cryptomeria tree and seedling needles

Difference between the means
Nutrient Means of the Means of the of tree and seedling needles
elements tree needles seedling needles Difference Value of
in means “t”
N (%) 1.924+0.062 1.654:0.207 0.27 1.896
P (%) 0.24+0.011 0.2154-0.006 0.025 0.991
K (m.e.) 29.63+1.394 37.34+2.520 7.73 2.160%
Ca (m.e.) 28.29+1.221 38.5+2.807 10.21 3.710%%
Mg (m.e.) 19.77+0.842 11.6+1.246 8.17 5.048%x

* Significant at the 5% level; *% Significant at the 19 level.

The relationship between available nutrient in soils and mineral composition in
tree foliage has been reported by some investigators. Chen (1) has found that the
contents of nitrogen and phosphorus in the needles of China fir in Taiwan were
positively significantly correlated with the concentrations of the total nitrogen and
available phosphorus observed in the forest surface soils. Thomson and McComb (10)
have reported that the contents of potassium and calcium in the leaves of black
walnut in southeasthern lowa were significantly correlated with the amounts of
exchangeable potassium and calcium found in the surface soils. As in that area, a
limiting supply of potassium andf/or calcium were the most important factors associ-
ated with poor walnut growth. Tomm (9) found a positive linear correlation between
nitrogen addition and needles nitrogen of Scots pine in Sweden.

In the present study, the amounts of phosphorus and magnesium in the needles
of Cryptomeria trees are statistically correlated with the available phosphorus and
exchangeable magnesium observed in the Cryptomeria forest surface soils (Table 6).
Their regression equations are 3?: 0.2194-7.79X for the foliage phosphorus on the
available phosphorus of soils, and §{=15.882+2.592X for the foliage magnesium on the
exchangeable magnesium of soils. These relationships indicate that these elements,

especially exchangeable magnesium, may be limiting Cryptomeria growth on the less
Productive soils.
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Table 6

Linear correlation and regression coefficients between

the nutrients of Cryptomeria soils and foliage

Size Linear Regression coefficient
of Nutrient elements tested ggg]gfeilgitég?’ c o Value of
sample P oefficient g
Forest soils Tree needles
54 Total N N 0.056 — —
54 Avail. P P 0.346* 7.790 2.668%
54 EXc. K K 0.215 — —
54 Exc. Ca Ca —0.091 — —
54 Exc. Mg Mg 0.475%* 2.592 3.886%*
Nursery Seedling
soils needles
8 Total N N 0.005 — —
8 Avail. P P —0.022 — —
8 Exc. K K 0.573 — —
8 Exc. Ca Ca 0.702 — —
8 Exc. Mg Mg 0.400 - —

*"Significant at the 59 level;

3. TFertilizer tests

Table 7 presents the chemical properties of the soils used for pot cultures. Both
the soils collected at Chuyunshan are Dah-an sandy clay loam (16). The contents of
various factors concerned with the fertility of both Chuyunshan soils #1 and #2 are
low, except the exchangeable potassium in the soil #1, as compared with the means
of Cryptomeria forest soils studied. In comparison with the fertility of soil #2, soil
#1 contains lesser available phosphorus and greater amount of exchangeable potassium.
Therefore, seedlings grown on these two kinds of soil responded differently with

fertilizer applications.

*% Significant at the 195 level.

Table 7
The chemical properties of the soils used
Organic | Total Avail. Exc. Exc. Exc. C.E.C.
Soil pH matter N P K Ca Mg
(%) (%) (%) (m.e.) (m.e.) (m.e.) (m.e.)
Soil #1 4.80 5.78 0.29 0.00068 0.731 1.27 0.39 21.3
Soil #2 4.90 5.93 0.31 0.00120 0.294 1.44 0.60 20.3
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Tables 8 and 11 reveal the mean height, dry weight of shoot and roots, and
chemical composition of Cryptomeria seedlings on Chuyunshan soils #1 and #2,
respectively. The seedlings grown on soil #1 respond significantly with fertilizer
applications (Table 9). However, no marked response for the seedlings grown on soil
#2 with various treatments is observed (Table 12).

Table 8

Mean height, dry weight and chemieal composition of the

Cryptomeria seedlings grown on soil #1

%\I/Ieeizrl’llt M;aerilgﬁlgy M‘;g?gﬁi{y Chemical composition of needles
Treatments of of of
shoot shoot roots N P K Ca Mg
(cm.) (gm.) (gm.) (%) (%) | (me)| (me) | (me)
Control 11.7 1.32 0.73 271 | 0122 | 3820 | 338 | 118 ~
N 12.3 1.21 0.77 2.87 0.111 384 32.1 10.8
P 144 1.98 1.02 2.23 0.138 311 31.5 114
K1 12.1 1.31 0.81 2.15 0.111 | 294 32.6 84
P1Xi 15.2 1.73 0.78 1.91 0.147 25.3 38.3 6.7
NiKi 135 1.13 0.54 2.55 0.163 44.0 33.8 11.8
NP1 17.2 1.89 0.85 2.63 0.209 32.3 335 183
NiP1K1 15.9 1.72 0.81 2.63 0.209 43.3 335 9.5
Ni1PiK:Ca 16.5 1.78 0.88 2.47 0.180 32.6 33.9 11.8
NiPiKiMg 17.7 2.11 0.87 2.23 0.188 49.7 34.2 12.6
NiPiKiCaMg 174 1.93 0.91 2.39 0.163 43.6 52.2 8.8
Table 9
Analysis of variance of the mean heights of seedlings
on goil #1 with various treatments
Source of Degrees of | Sum of Mean Observed F .05 F .01
variation freedom squares square F value value value
Total 43 346.61
Treatments 10 200.20 20.02 4.51%% 2.13 2.92
Pots having
same treatment 33 146.41 4.43

*% Significant at the 1% level

On the basis of increased mean height, the seedlings on soil #1 with NiP; treat-

ment show significant response (Table 10) . However, when another element (or
elements) was added to Ni1P; fertilizer as in N1P1Ki, N1P1K1Ca, N1P1Ki1Mg, and N1P;
KiCaMg treatments, this additional nutrient gave little effect on the growth cf
seedlings. It is worthy of note that there is a tendency to depress the absorption cf
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magnesium in the seedlings when either one or both potassium and calcium are added
to the soils of the pot cultures.
Table 10
Differences among the mean heights of seedlings
on soil #1 with various treatments

Treatments }?g?ga}?t Differences among the mean heights
(cm.) (em.)
Ni1P1K1Mg 17.7 B.0%x Gk G4k 42w 33 25 18 12 05 03
NiP1K1CaMg | 174 B7xx  53¥k 51wk 3o 30 22 15 09 02
NiP1 17.2 Bowx B lwk AQ®k 3T 28 20 13 07
NiP1K:Ca 16.6 4.8k 44 4 2%% 30 21 13 06
NiP1K1 15.9 4.2%k  3.8*% 3.6% 24 15 07
Pi1K1 15.2 3.5% 3.1% 2.9 1.7 0.8
P 144 2.1 2.3 2.1 0.9
N1K1 135 | 1.8 14 12
Nt 12.3 0.6 0.2
K1 12.1 0.4
Control 117
*Significant at the 5% level, #*% significant at the 1% level.
,0=2.035x1/4.48% 2]4=3.03 ; B.01=2.734 X1/ 4. 43X 2[4=4.07
Table 11

Mean height, dry weight and chemiecal composition of the
Cryptomeria seedlings grown on soil #2 ‘

}%Iie;ﬁlt M;i?ggtry M;i?gggy Chemical composition of needles
Treatments of of of

shoot shoot roots N P K Ca Mg

(cm.) (gm.) (gm.) (%) (%) ! (m.e.) | (m.e.) | (m.e.)
Control 16.7 1.73 0.85 2.07 0.101 25.9 355 | 11.8
N1 15.8 1.43 0.70 2.55 0.111 36.3 32.1 {164
P1 16.2 1.74 0.78 1.99 0.150 17.0 35.0 6.3
Ki 15.4 1.63 0.81 2.39 0.104 39.6 342 1135
PiK1 18.4 2.36 0.98 1.74 0.101 32.6 29.8 | 118
NiKi1 15.0 1.54 0.66 2.23 0.108 21.3 31.7 6.3
NPy 16.2 1.68 0.70 2.55 0.138 35.1 204 | 147
NiP1Ky 16.6 1.96 0.91 2.47 0.134 35.7 30.1 | 135
NiP1X:Ca 174 2.34 084 1.74 0.101 42.9 458 | 129
NiP1KiMg 17.7 2.18 0.93 1.91 0.127 36.9 32.8 | 14.7
NiP1Ki1CaMg 17.7 2.05 1.08 1.91 0.111 26.5 52.0 | 11.8
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Table 12
Analysis of variance of the mean heights of seedlings
on soil #2 with various treatments

Source of Degrees of Sum of Mean Observed F.o5

variation freedom squares square I value value
Total 43 194.43
Treatments 10 44.51 4.45 0.98 2.69
Pots having

. same treat- 33 149.92 4.54

metit

4. Tertility standards for growth of Cryptomeria seedlings.

After making a comparative and detailed study on the fertility of Cryptomeria
forest and nursery soils, the fertility standards for growing this species in nurseries
may be made as shown in Table 13. With slight modifications, the mean values for
various factors concerned with the fertility of Cryptomeria forest soils may be
adapted as standards for the maintenance of fertility of nursery soils. These stan-
dards, except having higher levels of total nitrogen and available phosphorus, are
similar to those for growing China fir seedlings (1).

Table 13
Fertility standards for growing Cryptomeria

seedlings in nurseries

Soil Total Available Exchangeable| Exchangeable! Exchangeable| Cation
reaction| e P K Ca Mg exchange

(bH) | (%) | (%) | Ib.JA. | (me) l (m.e.) (m.e.) Cag;?l‘_%{gy

52 | 038 l 0.0027 | 54 | 0.40 45 15 |

In comparison with the standards, the contents of total nitrogen and exchange-
able potassium in some nursery soils studied are in the mneighborhood of the
standards. However, the levels of available phosphorus, and exchangeable calcium
and magnesium in all the nursery soils studied are far below the standards. There-
fore, it is reasonable to believe that the fertility standards will meet the requirements
of Cryptomeria seedlings in nurseries.

‘ A desirable reaction range of nursery soils between pH 5 and 55 has been
suggested for most coniferous species (13). The reaction of the nursery soils studied
are mostly less than pH 5, even some cf them below pH 45. At a high degree of
acidity, below pH 4.7, seedlings may suffer from the low availability of nitrogen,
phosphorus, potassium, and other bases. It is suggested to keep the soil reaction at

pH 5.2 for growing Cryptomeria seedlings in nurseries.
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All the nursery soils studied are low in exchangeable magnesium. The seedlings,
therefore, accumulate less magnesium in the needles. A critical deficiency of mag-
nesiﬁm is encountered frequently in acid-ireated soils of forest nurseries and in soils
depleted by cultivation (13). Furthermore, magnesium deficiency symptoms in 1-0 and
1-1 Cryptomeria seedlings in the nurseries have been observed at samplihg time by
the author. Magnesium amounts found in the needles showing deficiency symptoms
are 6.5 m.e. for 1-0 seedlings, 6.7 m.e. for 1-1 seedlings (Table 2), and 10.3 m.e* for 1-1
seedlings collected from Tayenshan Nursery. Magnesium nutrient for Cryptomeria
seedlings in nurseries in Taiwan should not be neglected.

Though the content of organic matter in the nursery soils stud‘ied is mostly in
the neighbotrhood of the mean for the factor in Cryptomeria forest soils, it should
be mentioned that one of the important keys to the nursery soil fertility problem is
the maintenance of an adequate supply of organic matter. This is particularly signi-
ficant with regard to the nitrogen economy in the soil. Furthermore, the pine seed-
lings grown on the soil treated with chemical fertilizers plus peat show higlier survival
percentage after planting in the field than the seedlings on the soil treated with
chemical fertilizers alone (13). It is suggested to use humus or green manure and
stable manure along with chemical fertilizer for the maintenance of fertility of
nursery soil.

SUMMARY

Soil and foliar analyses as well as fertilizer tests were used for the study of the
fertility of Cryptomeria forest and nursery soils. Fifty four samples each of soil and
of Cryptomeria tree foliage were collected from the Cryptomeria forest lands; eight
samples each of soil and of the needles of Cryptomeria seedlings were collected from
the nurseries. Soil was analysed for soil reaction, organic matter, total nitrogen,
available phosphorus, exchangeable potassium, calcium and magnesium, and cation
exchange capacity; foliage was analysed for nitrogen, phosphorus, potassium, calcium
and magnesium elements.

The arithmetic mean for the content of exchangeable magnesium in the Crypto-
meria forest soils is significantly greater than that of the nursery soils. The carbon-
nitrogen ratio of the organic matter in the forest soils ranges from 56-14.3, and the
mean is 9.8. A linear correlation is found between the level of available phosphorus
in the forest soils and the pH values. Total nitrogen and cation exchange capacity
in the forest soils are significantly correlated with the organic matter. These
relationships are not found in the nursery soils.

The means for the concentrations of potassium and calcium in the needles of
seedlings are significantly greater than those of trees. On the contrary, the mean
for the magnesium in the tree foliage is greater with statistical significance than
that of seedlings.

*xUnpublished data
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of Cryptomeria seedlings

The concentrations of phosphorus and magnesium in the tree foliage show

significant positive correlation with the contents of available phosphorus and exchan-

geable magnesium found in the Cryptomeria forest surface soils. These relationships

indicate that these elements, especially exchangeable magnesium, may be limiting

Cryptomeria growth on poor soils.

The seedlings grown on Chuyunshan soil #1 responded significantly with the

fertilizer applications. However, no significant response for the seedlings grown on

Chuyunshan soil #2 with fertilizers has been observed.

Fertility standards for maintenance of the fertility of nursery soils for growing

Cryptomeria seedlings are suggested.
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