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SOIL IMPROVMENT FOR BiTTER GROTH ON :B DONE FAR, LANDS 
1/ 

J.D. Gagnon 

I NTRO DUC TI ON 

Most of the studies made to improve growth of plantations on 

reforested unproductive abandoned f ariri lands are concerned with the 

use of fertilizers and very few attempts have been made to combine 

fertilization with soil scarification as a possible means of stimulating 

growth of various species in plantations. 

This experiment will determine if adding essential nutrients ta 

unscarified and scarified sali of f2rm land abandoned 10 years ago 

benefits establishment and development of red pine, Norwy spruce and 

jack pine. These species were chosen because of the sandiness of the 

site. The use of potassium and magnesium fertilizers was suggested by 

previous experiments. 

Observations on survival and on the general conditions of the 

plantations were made in the f ail of 1964,  after one growing season. 

Further observationseili be made pericically but no appreciable growth 

response to treatments is anticipated before the end of the second 

growing season (fali 19$). 

Research Officer, Forest Research Branch, Dept. of Forestry, 
Box 3, Sillery, P.Q. 



2. 

LOCATIGI" .A1D fl3CRIFTION CF PL:.NTED AREA 

The planted area is located about 3 miles west of Ste-Christine, 

Fortneuf Co. and south of Ste-Anne river (Fig. 1). 

The sous of the study area, typical 0± nany abaridoned f arms 

in the Portneuf region, are deep old marine sand deposits of low 

fertility. The area was f irst planted to potatoes, and subsequently 

to tobacco. In 1953,  the farm was abandoned and the site becane 

overgron with grwninaceae (Fig. 2). 

Md.THODS 

Experimental design 

A factorial design (3 x 2 x 2) combining three levels of 

potassium, two levels of magnesium and two soil treatments (scarified 

and unscarified), was laid out in complete rdomized blocks with 

four replications (fig. 3). iach block consisted of 12 plots. In 

each plot, fine trees were planted at 3 ft. spacing, giving a total 

of 432 seedlings. The sane layout was repeated for ail three species: 

red pine, Nonay spruce and jack pine. A grand total of 1296  trees 

were planted on the study area. 

In each plot, the corner tres will remain on the site and 

will make up the plantation. The other five trees will progressively 

be used for study of concentration of nutrients. Depending upon the 

development of root system, either the shoot-root dry weight ratio or 

the absorbing capacity of the roots will be determined when annual 

growth, expressed as 1 ercentage of growth over the size of tree at 

the beginning of the current growth, shows significant differences 

between treatments. For statistical purposes, the variables will be 



3. 
studied on two randomly selected trees per plot. 

Pre-planting 

Before planting, the physical and chemical properties of the 

- planting site were deteimined for evaluation 0f the capacity of the 

soil to transmit the effects of scarification and fertilizers treat-

ments to giowing stock and to permit a more objective interpretation 

of the resuits. Analyses were made of the upper 2-inch layer of sous, 

the root zone (6 to 8 in.) and at 10 to 12 inches. Top soil and root 

zone soil are of decisive importance in the initial growth of planted 

trees. Roots of 2-2 red pine and Norway spruce are usually placed at 

about 7 inches into sou. Roots of 2-2 jack pine, because of their 

larger size, are placed deper into sou. Further, roots of seEdlings 

cari reach to and develop at about 10 ta 12 anches soil depth within a 

few years. 

Ten composite samples of each soil layer were coflected by 

means of a calibrated sarnpling tube from the area ta be planted with 

the three species. Bach of the ton samples contained ton cores. 

Analysis of the physical and chemical properties of soil are given 

in Table 1, and soil characteristics are compared with minimum values 

necessary for satisfactory growth after S.A. Wilde, l9 	(Table 2). 

Bach block was subdivided into 12 equal plots planted as shown 

in Figure 3. -carification was done with a Gravely tractor with a 

tiller attachinent. 

Four corner posts marked with orange paint limit the 3 x 1 ch. 

area to be planted with each species. The whole area ta be planted 

was 10 chains long by 1 chain wide. 
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Plantin 

The trees, grown in the Valcartier nursery, were planted May 21 

with 5aguendy plantin, tools. 	1ack spruce and jack pine seeds were 

obtained from the Provincial nursery ut Berthiervillc, and red pine 

seeds froin nos, Abitibi. 

Fertilization 

One day after planting, fertilizers were applied around each 

tree in an area of about 1 square foot. Potassium was applied as 

K2S0 (50 K) at a rate of 100 and 200 lbs/acre of K, and rnagnesium 

as Mg0 at a rate of 100 lbs/acre of Mg. 

The choice of these fertilizers as forïns of suiphate and oxide 

was dictated by the lack of forest ground veetation and the sandy 

texture of the study area. Potassium suiphate and manesia are flot 

readily water-soluble materi.als and consequently are not easily 

leached to a depth which cannot be reacned by-  the roots. 

FLiTIrG CLNDITI0NS 

t time of p1antin,, .ay 21, the soil was moist and the tem-

perature cool. A north wind at L miles çer hour at L:OO a.m. 

strengthened rapidly, the sky became cloudy, and scattered showers 

fell on the planting area. Maximum and minimum temperatures at 

Chte Panet, a few miles east of the plantin site, were 560F and. 

28°F on May 21. The minimum tmperature was registered at night 

after the planting was done. Scattered showers fell on the planted 

area during the following five days. 

The summer of l9b4  was characterized by a great number of 

rainy days and cool temperatures (Table 3). 



5. 
FOST PLiN f ING 0BSÏRVATIONS 

Imniediately after fertilization, the heiphts of ail planted 

trocs were measured. Resuits are given in Table Li.. 

In fail 1964,  after one growing season, a close examination of 

the spring planting was made and survival by species and soil treat-

ments is shown in Table 5. Livin' trees were generaily in good 

condition$. Less than one per cent of ail trees had yellow tips. 

The most likely cause for the four per cent mortality was the frost 

which occurred immediately after planting. 

FUTURE 'IRK 

Leader length and survival will be recorded in fail 1965  (end 

of the second growirig season). Leader lengths will be expressed as 

percentages of heights of trees in the sprin0, 1965, and, if significant 

responsed to treatments are iound, concentrations of potassium and 

magnesium in current year neodies, shoot and root dry weights and 

top.-root ratios or absorbing capacities of roots will be studied on 

two trees selected at random from the five trees intended for this 

purpose (Fig. 3). 
According to the project plan, the saine experiment was to be 

repeated on farm land abandoned some 30 years ago and located few 

hundred feet south-east of the 1964 plantation (Fig. 3). However, 

because of the short period 0f time available for this iroject in 

the coming spring, planting will be restricted to the least *xacting 

species, jack pine. Preliminary soil analyses indicated that this 

soil is much poorer in potassium but richer in magnesium than the 

one abandoned 10 years age. iuppiies of other nutrients are about 

the saine with some variation between sanples. heterogeneity of the 
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soil is suspected also hecause of patches of different ground vegeta.-

tion such as cladonie, polytrichum, vaccinium and occasional slow 

growing grey birch, white y ruce and white pine trees. rherefore, 

a factorial design à x 2) combining four levels of potassium 

( o - 100 - 200 - 300 lbs/acre of K as K2S01 - 	 K) and two soil 

treatments (scarified and unscarified) will be used in this experi-

ment. Blocks will be replicated jour times and treatment within 

each block will be replicated twice (i'i. h). Tree will be plantud 

as shown in Figure 3. A total of 576 trees (144 per block) will be 

planted. The 2na1y5i6 of variance will have the following form: 

Source 	Degree cf f'reedom 

Block............................. 3 

Treatment .........................7 

Treatment x Block .................21 

xpt'1 irror ......................32 

Sampling Error a ................... 64 

TOTAL ............................127 
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APPENDICES 



Figurel. Index map 
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Figure 2. The planting site was formerly cultivated, but it 
was abandoned in 1953 and is now overgrown with 
graminaceae. 



TRATMENT 

C no soil scarification 
S 	: soil scarification 
Ko zero application of potassium 
Ri 	: potassium at 100 lbs/acre 
K2 	: potassium at 200 lbs/acre 
Mg0 	z zero application of magnesium 
1\ïig1 	: magnesium at 100 lbs/acre 

1 	: C-K0-Mg0  7 	: S-K0-Mg0  
2 C-K0-Mg1 8 	: 	3-Ko-Mg1 
3 	z C-K1-.Mg0  9 	: S-K1-Mg0  

C-K1-Mg1 10 	: 8-K1-Mg1 
C-K2-1vg0  11 	z S-K2-M90  

6 	: C-K2-r91 12 	z 	S-K2-Mg1  

DISPOSITION 0F PLOTS IN EACH BLOCK FOR SÀCH SPECIES 

BLOCK 	I BLOCK 	II BLOCK III BLOCK 	IV 

7 7 11 5 
3 10 12 6 
2 8 9 7 

11 6 12 
6 4 10 
9 3 2 1 

10 5 3 11 
9 7 

11 4 8 2 
8 12 10 9 
1 6 1 
12 2 5 3 

Each tree species will be planted on each plot as per this sketch 

Plot 7 Plot 7 Plot 11 Plot S 

x x 	12 1  x 	• 	x x 	• 	x x 	• 	x 

'o 	• . . 	• 	. • 	• 

X X X 	• 	X X 	• 	X X 	• 	X 

1ot 3 Plot 10 Flot 12 Plot 6 

T 	 X 1 	X X 	1 	X X 	• 	X X 	• 	X 

X • X 	X • X 	X • X 	X • X 

x = tree that will always remain on the planting site. 
= tree that will progressively be used for study of concentration of 
nutrients, roots and also for replacement in case of mortality 

Figure 3. Experimental layout 



TREATMEIT 

C : no soil scarification 

S : 	soil scarification 

K0  : 	zero application of potassium 

K1 : 100 lbs/acre of potassium 

K2 : 	200 lbs/acrE, of potassium 

300 lbs/acre of potassium 

1 C-K 5-K0  

2 C-K1 6 	S-K1 

3 : C-K2 

-K3 b 	S-K3 

DiSPOSITION 0F PLOTS IN EACH BLOCK 

Block I Block II 

7512 28 Lt S 

36)48 7361 

5182 6378 

367)4 )4 251 

Block III Block IV 

)4 387 315)4 

5 21 6827 

5)436 2758 

1275 b 136 

Figure b. xperimental layout for f arm land abandoned 30 years 

aoo (f rom Tippett 's Rai dom 3ampling Numbers). 

Zn 



Table 1. Ehysicd and chemical soil profile characteristics of the te-Christine plantation. 

Depth Number of Mechanica]. analysis Nutrient content 
(ins.) pooled and 	Sut  Clay pH N K 	Mg 	P 

samples (lb.per acre) 

C - 2 10 87 	13 5.59 .21 100 	80 	30 

ô - 8 10 89 11 5.79 .15 30 	50 	20 

10 - 12 10 94 6 5.70 .09 30 	hO 	20 

Table 2. Minimum content of nutrients in the surface 6-in. layer of sou, texture and pi-ï  of sou 
for satisfactory growth of tree species in plantations (Pfter Wilde, Sal. 1956,  Forest 
doils pages 417 and 419). 

red pine norway spruce jack pine 

Total Nitrogen () w 
t\oO 

.10 .02 

fvai1ab1e K (lbs/acre) 
O -H 

+' •H Pl 
çt 4D 125 30 
4 	o_ 

C) 

xchangeab1e Mg (lbs/acre) w - 300 120 

Avouable P (1bs/acr) 

o 

o 50 trace 

Sut & Clay (%) 10 hO S 

Range of pH reaction 5.0 - 6.5 6.5 5.5 - 7.0 



Table 3. Surnmer precipitation, number of rniny days, and 
mean minimum and maximum monthly tenrçerature near 

the plantation 

1onth Precipitation 	Number of 	Mean minim. 	Mean maxim. 
(inches) 	rainy days 	temp. (°F) 	temp. (°F) 

1.25 b 39.7 63.5 

June 4.17 13 	45.6 73.2 

July 6.12 16 	55.2 76.4 

.ugust 5.bl 19 47.8 69.5 

* Data compiled from May 21st, date of planting. 

Table L. Average height of seedlings at time of planting on May 
21/196 at 3te-Catherine. (in 1/100 ft). 

Plot red pine Noniay spruce jack pine 
N o. 

1 .42 .52 .73 

2 .33 .62 .73 

3 .29 .67 .69 

.32 .65 .78 

5 .33 .59 .69 

6 .31 .67 .75 

7 .2o .56 .65 

8 .30 .55 .63 

9 .26 .64 .68 

10 .26 .51 .71 

11 .32 .70 .64 

12 .30 .9 .ô6 

N.B. Flots are distributed at random in each block (see Fig. 3). 

Lach average comprises 36 sed1ings. 



Table 5.  Fer cent of suriva1 by species on sc-rified and unscarified 
sous after the first growing season. 

Species 	per cent of survival 	Total 
scarified 	unscarified 

Hed pine 96 92 9 

Norway spruce 97 94 9 

Jack pine 99 97 95 
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