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GROWTH POTENTIAL AND THINNING YIEL)) STUDIES
OF UTTAR PRADESH CHIR PINE

By
_ 8.P, Bivan
Assistant Silviculiwrisi, Foreat Research Institute and Colleges, Dehra Dun

It is well known that in nature, the stocking of young under stocked stand increases
in an effort to attain normal growing ocondition, while an overstocked stand exhibit &
jecreasing trend, Toere is always a optimam level of stooking for particu'ar time and
site quality to enable atand to put on the best and ultimately resut in maximum total
volums production psr unit area at a rotation age, Subjeot to varions contraint~ exercised by
markat and demand, on suitability of raw material, the furests should follow the eptimum
level of atoocking to avoid losses attributable to management practioes,

To evaluate the influsnce of desnsity of stocking on growth is simple in case of short
rotation plantation craps with no intermediate removal of produce by way of thinnings
{e.g. Casuaring eqaiselifolia orown for fusl-wood and Fuealyptus ifor paper pulp in Indis),
but in thinned orops, intensity and interval of thinnings make study complicated.

This paper presents the results of atudy undertaken on P¢nwus roxburghis Chir) high
forast stands. Pinus rorburghié occura gregariously as principal rpp, of sub.tropical pine.
forssts in nature with sprinkling of broad leaved a:sociateslike Quercus lencotrichophora,
Rhododendron arborewm, Lyonia ovalifolsa, eto. It is mainly found in Siwalik hilleand
western [limalayas between 900 m to 1800 m, Stocking of pine foreats is variable. Under-
growth of berbaceous plants is acanty though grasses may be found in most of the places.

Pine forests are managed under Uniform system Rageneration period is kept between
20 to 30 years and rotation varies betwesn 90 to 120 years. Pinus roxburghii 18 considerably
resistant apeoies, it adopts to drought and intense heat and is frost and fire hardy,
However, it ia observed that there is a fall in growth as we move towards it Eastern limit of
occurrence. -Thus to avoid variations on account of geographic distribution, the study has
been oonfirmed to State of Uttar Pradesh which oceupies the Eastern most fegion. '

Data hag heen taken from permanent sample plots. The divisinn-wise distribution of
these plots are given below :-— :

No, of measurements Total No, of

No, of sample plots

Name of Division ] observations
Wesat Almora -— 6 8 6 7 2 1 30 114
Chakrate -1 2 2 3 8 51
Nainital . —_2 2 4 ‘ 10
Dehra Dun 1 1 8

Total — 01412 810 3 1 43 161
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Records of thinnings are available from the time of formation of sample plots only,
how much removal occurred before laying out of the sample plot is not known, Further,
unlike thioning ¢xperiments these sample plots have not been kept at different level of
stocking during entire period of obeervation. Stocking per cent has fluctuated between
+ 159, of ordinary C grade of thinning volume,

Various symbols used in the text are :—

. : Units
v = initial volume at the beginning of growth period. m3/ha,
V = Volume at the end of growth period. ‘ m?/ ha.
n = growth period. _ Year
r = rate of growth per cent. A
H= Top height. metre
T = Top sge. Year

8 = Site index at reference age = 60 years,
VE = estimated volume at the end of growth period. m3/ha
VR = Volume ratio,

The approach consista of

(i) C'amifying forest area into various productivity site E == f (8,T)
{ii) Estimsting volums production under various rite olass VE = f (8, T)
(iii) Caleulating a new independent variable termed a4 ‘‘Volume ratio”

v
Vh:ﬁ

(iv) Utilising ‘‘volume ratio” to evolve a function to predict rate of growth per cent,

r= f{VR, T,......... )
r Vv
where (l -} m) =3

(v} Then for different stages of development optimum ‘‘volume ratio’ is determined
which yield highest value of rate of growth per cent.

der

VR is optimum when JVRE = Nagative,

dr
d(VR) 0;

{vi} Optimum v is calculated to help the formulstion of the aimed cumulative
volume growth curve,

Data waa classified into various produstivity sites with the help of site quality curves
deduced by graphi: method in preparation of yield and stand tables for chir by Seth, Dabral
and Lala. This was done so to provide a common base to compars the resulte with existing
normal yield tables, Following regressions were then developed. Data was in F.PS8,
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gystem and analysed as such but results and regressions are given after conversion inte
metrio system,

Estimated volume/ha

VE _ ' 143508 .

log (6——_99562) = 184265 log (32809 H) + ;g5 000138 8 ,l67683
R? = 887
F = 254.82

Rate of growth per cent
Log (1000 r + 20,0) = — .72635 log (T) — 00849 n -+ 17091 Jog (.32809 H) x
VR + 2.95066

R? = .749
F = 88.32

The amount of explained variation in low, It could happen when data pertain to
high forest sven aged stands as azainst plantation orop and also on account of mensurational
errors in determination of volume increment,

High forests even aged cropa poseesa inherent variability on account of age variation
and difficulty in assessment of top age, so precision obtained is much less as compared to
plantation crop thinned and managed under similar conditions,

Estimation of accurate volume increment is not easy especi&i!y when stand volume is
high. The smaller the increment as compared to atand volume, the higher will be the error
in estimation,

Apart from these, flunctuations in yeatly climatic faetors which in turn infiuence
growth introduce variationa which are difficult to explain with limited parameters.

Kullervo Kuusela {1964) ocalculated rate of growth per cent using following

regression : —
r

100 log 1000 [(H— m;“/"' —1 ] or 100 log (r) =a —b 100 log T—¢ (v+V)/2

where &, b and ¢ are constants,

It yielded R?= 815 for Southern and R:= .461 for Northern Finland pine areas.
In the present attempt there is little difference that in place of stand volume, ‘‘volume ratio”
has been used to yield bstter precision. Stand volume was not found to contribute in
improving the result,

In data under atud.y the 'volume ratio’ does not vary widely.

Mean 1.00984
Btandard deviation 13732
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Thus it would be safe to study growth behaviour for volume ratio limits between
0.85 to 1 13, which are within the data range. The regression on rate of growth per cent
reveals no maxima when differentiated with respeet to ‘volume ratio’ which indicates that
congestion in crops resulting in 1nss of growth oceurs at mach higher volume Rate of
growth per cent is superior at 1.15 limit when compared to .85 volume ratio, it could probably
be on account of higher atem form factor in devser crops. Secordly, as regeneration period
of Chir areas is 20 to 30 yeara, therefore, in all areas this age variation existe, Dencer crope
have more trees in understorey which are from younger age group and have higher rate of
growth per cent. This may attribute to overalf increace in growsh per cent of denser crops
which though is very slight. .

No congestion has cet in, also cets support from the study of crop diameter, Volume
ratio, though used as independent variable has no influence no erop diameter.

D 3.42460 14 21378

- 03881 (.32800 H) 4 1.42747

Where D=crop diameter in em.
Rie= 046
F =424.17

Tt iy mentioned that if sample plots were kept at difforent level of stocking during
entire period of obrervation, probubly crop diameter weuld have been influenced a little.

Tables showing crop diameter—Top height relationship and growth and thinning yislds
of chirpine under different volume ratics are annexed.

A perusal of these tabular statements indicate that chirpine may be grown more
denrely than it is found to occur generally, to get high volume returns, Level of stocking at
‘'volume ratio”” 1,16 or even higher could he adopted, This stocking doea not appear to be
high Cedrus deodara and Pinus excelsa which grow at a little higher altitudes in same zone
hold much more volume per hectare ab the same age.

Pinus excelsn

, . Standing volume/ha | M AT

Age (Yrs) Bite quality (m?) (m?)
100 1 1111,6 15,89
I 901,0 12.48

111 670.2 922

. Cedrus deodara

100 I ‘ 1005 3 13.84
11 763.9 10 33

I1T i 5198 710
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Then why not wa expeot from chir the eame. It is fo't that accessibility and
consequently greater biotic interference in chir zone may be casitive factors for ite poor
density and hence the low yield,

Managing forests at “volume ratic” 1.00 or at lower level which is mortly the case,
the loes in production is at least 209, implying that soil potentisl is not fully tapped. The
loss is huge and warrant serious consideration. To know which areas require thinnings, is
simple, Standing crop volume can easily be assessed by point sampling technique and use of
‘stand volume tables’. Estimated volume is then compared with tubulated standing volume
for that quality and specified age, If estimated volume is more, than thinnings are needed
and difference between these two will give volume to be removed. But it is difficult to
implement removal of a certain stipulated volume from an area as compared to tbipning out
& fixed number or proportion of standing trees. The following regression, is therefore
developed to give number of 1rees per heotare required to be thinned.

Number thinned/total number of trees

Volume thinned

[3,05502-— 1,52244 log ( 39370 D)]+ 04886
R*=844
F =286.08

Regulating thinnings as stated above, in all areas which sre not under regeneration
felling, will built up growing stock to pay high dividends.

Table 1

Top-height and Crop-diametar relationship
(by site quality and age)

Bite quality I Bite quality 1I Bite quality ITI

Age — S
¢ Top height (m)| Cmp(g::)m“" Top height (m) |C"°P(sti;;“°“’ {Top height (m) | Or °P(‘Z,i;;mt°"
20 11.8 11.9 9.1 8.6 6.4 6,0
30 18.0 18,6 14,0 13.5 10.7 9.3
40 23.6 256.1 18.9 18,7 14.3 140
50 28.0 31.1 22,9 25.8 1.7 19.0
60 3L.7 36.3 25.9 30.4 20.4 23.7
70 34,4 40.8 28.7 5.2 _ 228 27.9
80 - 36.8 44.6 30.5 39.0 24.4 31.8
90 38.1 48.0 320 42,6 25.9 35.3

100 39.6 61.3 33.2 45.7 27.1 38.5

110 40.5 64.1 34,1 48.5 28,0 4l.4

120 41.5 8.8 36.1 51.3 29.0 44 2
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4 Table 2.1
v Growth and yield estimates by age under
Site Qaality ITI (i) Various site qualities
Volume ratio 0 85 (ii) Level of atocking
{Stem volume/ha)
Top Standing Thinoings A‘:Eil[ml;rl}a'ed Total yield M.ALL Rate of
age voiume 1121 dg growth
(Yrs) () (m?) 0 (m¥) (m?) (%)
20 i8.0 —_ —_ 48 6 243 7.28
30 81.0 — - 8.0 2.70 . 545
40 116.4 —_ — 116 4 2.91 4 31
50 1491 8.4 R.4 157.6 3158 4.63
' 60 176.5 16.8 249 201 4 336 2,95
70 201.2 141 440 245.2 3.50 2.49
A4 80 222 6 21.2 5 2 237.8 8 60 2,12
90 240.1 229 881 328 2 3.65 1.81
100 2532 243 112 & 385 & 3 66 1.66
110 266.7 20.3 132.7 399.4 3.63 1.33
Table 2.2
Site Quality III
Volume ratio 1.00
20 8.3 — —_— 563 282 7 48
30 03.6 —_ — 83.6 312 5.69
40 134 5 1R 1.8 1136.3 3.41 458
50 172.1 132 15.0 187.1 3.7¢ 3.78
60 203 7 23 4 384 2421 404 3.19
v 70 232 4 26 8 652 297.8 4,25 272
i 80 2a7.3 29 8 84 8 3518 4 40 2.34
90 297.6 3t9 1267 4043 4.49 2.03
1060 202 48 3248 1603 453 2 4.63 1.78
110 308 6 2u.l 139.4 4080 453 1.53
Table 2.3
. Bite Quality III
Volume ratio 1,15
20 83,7 — _— 83.7 3.18 7.64
30 105.7 —_ — 1056.7 3 b2 6.94
40 1al1.9 5.1 6.1 156.8 392 483
50 194.1 100 241 218 2 4.34 4,08
80 2248 3i.4 56.5 285.3 478 3.43
70 262.2 359 0L.4 363.8 5.05 297
e . 80 240.4 395 130.9 421.3 5.27 2.58
90 313.5 42.4 173.3 438 8 5.41 2.26
100 330.9 446 217 9 5488 5.49 1.8
110 348.8 39.5 257 4 606,2 561 1.74
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Table 3.1
Growth ond yidld estimates by age under
Site Quality IT (i) Various site qualities
Volume ratio 9.856 : (i) Level of stocking
' {(Stem volnme/ha)

Accumulates

Top Starding Thinnings thinning Total yield MAI Rate of
age volume ield growth
(Yra) (m®) (o) o) (m?) (m?) (%)
20 728 — — 72.8 3.64 771
30 122 3 - - 1223 408 5.7b
40 169.9 8.2 8,2 178,1 4.43 4.57
50 2104 230 31.2 241.6 : 4.83 374
60 249 8 203 : b1 b 3073 612 3.42
70 277.0 38.9 96.4 373.4 5,33 2.65
80 300.2 302 135.6 4358 5.43 2,26
80 3189 39.3 174.9 493.8 5.48 1.¢3
100 332.8 39.2 214.1 5406.9 5.47 1.66
110 347.1 33.4 2476 504.6 5.41 1.43
Table 3.2
Site Quality IT
Yolume ratio 100
20 84.0 — - 84.0 4.2 8,05
30 140 8 — — 1408 4.6J 6 06
40 196.5 1¢1 141 2006 5.2 488
50 2422 32,4 46,5 285.7 5.7 404
60 287.7 37.1 83.8 3713 6.19 3.41
70 319.1 62.5 1361 455,2 6 &1 2.92
80 346.1 532 189.3 837 4 6 69 251
90 367.9 53.b 2128 610.7 679 2.18
100 354.2 6.4 2062 680.4 B.80 1.89
1.0 400.9 457 342.9 743.8 68.70 1,656
Table 3.3
Bite Quality 1T
Volume ratio 1.15
20 04,7 - — 94.7 4,74 8 34
30 158,58 —_ — 158 5 5.23 6.38
40 2198 212 21.2 2410 8.03 5.21
bo 272.4 43,4 64,8 337.0 674 4 36
60 323 5 50.0 114 6 438.1 - 7.30 3171
70 368.1 68.3 1829 542.0 7,74 3.21
80 389.7 69.5 252.4 6421 8,03 2179
00 414.56 70.1 3226 737.0 8,18 2.44
100 433.2 70.0 3926 8257 - 8,28 2.14
110 4562 2 626 456.1 807.3 8,25 1.88

t
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‘Table 4.1
hd Growth and yield estimates by nge wnder
Site Quality {1} Varioos site gualities
Volume ratio 0,85 -(ii) Level of stocking
{Stem volume/ha)

|
Top . Standing Thinnings ,Actclilmu’ll.ted Total yield M.AL " Rate of
Inning
age volume ield growth
{Yra) (m?) (m3) 3;11;3) {m") (m?) %
. 20 101.7 -_— — 1M 7 5,09 812
30 161.7 1.5 1.6 h 163 2 544 6.03
40 2199 ‘ 190 20,5 210 4 6 01 4,78
a0 271 4 346 65.0 326 4 6.53 391
g0 312.4 47.8 102.8 415.2 6.92 3.27
‘ 70 345.4 . 535 158.3 501.7 717 277
- 80 8692 580 2i4.3 5%3.5 799 2.37
80 3437 50 6 264.9 608 6 732 203
100 407 4 85.0 3199 727 8 7.28 1,76
110 4223 47.6 367.4 T89.7 7.20 1.62
Table 4.2

Site Quality I
Volume ratio 1.00

20 117.0 -_— — 117.0 5,85 8.47
30 1858 6,4 6.4 192.0 6.40 6,41
40 252.4 286 350 257 4 719 6,14
60 311.6 48.3 83.3 3949 7.90 4.26
60 358.9 64.8 148.1 - 8070 8 45 3.6
0 3972 72.1 220.2 6i7.4 8.82 3.08
b 80 4249 1.1 297 9 722 8 904 2 66
9) 453.4 66.3 367.2 8204 g.12 2.30
100 470.0 74.6 441 8 g911.8 912 2vl
116 486.9 65.8 507.6 994.5 9.04 1.78
Table 4,3
Site Quality I

’ Volumse ratio 1,15
20 131.4 — — 1314 6.57 8.83
30 208,2 126 12.6 2208 7.36 8,80
40 283 0 40.2 52,8 3232 8,08 6,.2
60 349.5 64.4 117.2 1667 0.33 +.62
60 402.7 84,6 2u1.8 604 5 ) 10,08 3 94
70 4459 93 8 295 6 741.6 10,56 ‘ 3.40
« 80 477.4 100.6 396.2 873.6 10.92 2.06
90 60,8 - L3 487.6 C857.3 11.¢8 259
100 528 0 97.4 584.9 1113.8 L4 2.29

110 548.3 §7.3 672.2 12205 11,09 202
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SUMMARY

The paper presents a mathematical approach to the preparition of yield
tahles for different demnsity stands which are subjected to thinnings at varicus
stages of development. Chirpine data of Uttar Pradesh kave been utilised to
develop various relationships. It is felt that stocking of chirpine is low in patural
forests and production per unit area could be much eshanced by judicicus

implementation of thinnings.
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Wachatumes Potentia! und Durchforstungertragatudien der UP Chirkiefer
8. P. Srxcn
ZUSAMMENFASSUNG

Der Artikel schenkt eine mathematische Abniberung nach der Bildung die Ertragta-
bellen fiir verachiedenen dichtigkeiten Bestanden, die an verschieden Fiihnen der Entwick ung
zur Durchforstung untergeworfen sind. Die Chirkieferangaben des Uttarpraceshs sirnd
verschiedenen Verwandtschaften zu entwickeln, benutzt. Das ist  gefihlt daf die
Bestockung der Chirkiefer in natirlichen Féreten niedrig ist, urd ihre Produktion pro
Einheit der Flichen, bei verstindiger Ausfihrung der Durchforstungen mebhr vergrofern

kanne,

Etudes relatives anx potentiel d'aceroissement et des produits d’éclaircie rur le
*‘Chir Pine” de I'Uttar Pradesh.

par 8.P. Bixan
Résumé

Cet article présente une approche mathématique qu'on peut utiliser pont la constrac.
tion des tables de rendement pour différentes densités des peuplementa, coumis 3 Véclaircie
3 divers momeats de leur développement, On y & utilieé les données fournies par les
peuplements de ‘‘Chir Pine”’ eréés dans I’Etat de "Uttar Pradesh On a constaté gue le
degré de densité de ““Chir Pine” est peu élevé dany les foréts viergee et qu’il est possible
de rehausser Ia production par I'unité de I’sire en pratiquant judicieusement I’éclairoie.
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