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Structural Model of Fresh Weight of Culms

As indicateed in Table 5-6, the section at a same
relative height of culms have similar percent of the total
weight (Fig.5-5).

The relationship between relative height (Hy) and
relative weight(W%) can be obtained by least square
fitting,

Wo,= 27H, - 2.5H,2 + 0.08H,3------- (5-31)
According to(5-31), the relative weight or actual weight
of culm sections at any relative
Relation of Breast-height Diameter to Total
Height and Clear Length of Culms
1. Breast height diameter and total height of

from Damaoshan, Shimen and Yixing are fitted by

least square into

H = a+bD, H=aD’ and

H = a+bD+cD?

Damaoshan (575culmshm)
H=2.4574+1.1665D-------------- (5—32)
H=2.775D0.7179-----=-=--=----- (5—=33)

H = 0.2002+1.7694D-0.038D*---- (5—34)
Shimen (53 culms):
H = 3.9042+0.9662D------------

Yixing (300 culms):

culms H= 2.4574 + 1.1665D------------ (5—38)

A, In order to determine the correlation of breast-height H = 2.289D%79%  wommmmoemeeee (5—39)

diameter(D) and total length(H)of culms, data collected H = 0.2002+1.7694D-0.038D*---- (5—40>

Table 5-7a Relation of annual mean temperature
and rainfall to culm height(H=aD")

Locations Cha | Zhu | Hua | Zha | Chi Fun | Dam | Shim | Yuchi | Tian Yi Xie Kyot
(o] ng n n shui | xing | ao en a mu xing | shui | o*
ping yi | ken | shui sha shan | shan

g n
An. m.tem. 199 | 19.2 | 17.7 | 16,5 | 18.1 | 174 | 17.6 15.9 15.6 144 | 15.6 | 15.8 | 16.3
7 0 5 0 0 0 0 8 0 0 0 0 1
An.ppt.mm 214 148 188 135 132 184 180 | 1512 | 1615 | 1800 132 970 1537
2 4 0 0 2 4 0 0
R/t 107. | 77.3 | 105. | 81.8 | 73.0 | 106. | 102. | 94.6 | 103. 125. | 84.6 | 61.4 | 94.2
3 9 0 3 5 0
a 3.03 | 251 | 3.10 | 2.29 | 2.52 | 3.04 | 2.77 | 246 | 297 | 3.10 | 2.28 | 1.89 | 2.25
Expt. 5 9 9 1 4 2 5 9 5 9 9 2 0
b .765 | .739 | .676 | .807 | .782 | .664 | .717 | .741 .690 | .664 | .790 | .846 | .775
9 8 6 1 4 8 9 6 0 8 5 9 3
r 0.99 | 091 | 096 | 0.99 | 0.95 | 0.87 | 0.98 | 0.97 | 0.96 | 0.97 | 0.99 | 0.99 | 0.98
4 5 9 8 0 7 2 6 3 6 0 3 6
a 321 | 249 | 296 | 2.31 | 2.28 | 2.76 | 2.87 | 2.54 | 2.69 | 3.04 | 2.28 | 1.80 | 2.56
Theor 5 0 2 7 7 3 0 1 6 0 7 6 6
b 715 | .801 | .719 | .793 | .813 | .738 | .729 | .751 726 | .664 | .780 | .846 | .752
4 2 4 3 5 6 7 7 3 8 3 7 9
r 0.92 | 0.86 | 0.84 | 0.98 | 0.87 | 0.44 | 0.89 | 0.89 | 0.93 | 0.99 | 0.97 | 0.92 | 0.93
7 8 8 1 1 0 0 9 5 6 6 2 6




Table 5-7b  Relation of annual mean temperature and clear length

Locations Cha Zhu Hua | Zha Chi Fun Dam | Shi Yuch | Tian | Yi Xie Kyot
o) ng n n shui | xing | ao men | ia mu xing | shui | o*
ping | vyi keng | shui shan han han

Expt. | ao’ -1 -10 | 000 | -15 | -1.1 | -05 | +0.5 | 43 | +0.6 | -1.0 | -1.1 | -0.9 -

0 0 0 0 2 0 0 6 2 0 1 5
by’ 1.11 | 0.80 | 0.70 | 0.85 | 0.80 | 0.70 | 0.67 | 1.00 | 0.59 | 0.68 | 0.67 | 0.60 -
Theor | a¢ -10|-10}{|-10}|-10}|-10}|-10}|-10|-10]| -10 | -1.0 | -1.0 | -1.0 | -1.0
0 0 0 0 0 0 0 0 0 0 0 0 0
b’ 1.00 | .797 | .828 | .678 | .721 | .805 | .804 | .690 | .695 | .682 | .647 | 594 | .705
3 9 1 1 9 4 9 5 1 0 3 5 7
Table 5-7c Relation of annual mean temperature and rainfall to weight
of branches and leaves (W,=c1+d;D)

Locations Cha Zhu Hua | Zha Chi Fun Dam | Shi Yuch | Tian | Yi Xie Kyot
o] ng n n shui | xing | ao men | ia mu xing | shui | o*
ping | vyi keng | shui shan han han

Expt. | ¢’ -11 | -18 (200 |-18 |-1.1 |-18 |-16 |-15 |- 24 | -13 | -13 | -

0 0 0 7 4 0 0 3 0 8 0
do’ 094 | 073 | 0.85 | 0.78 | 0.65 | 0.74 | 0.72 | 0.83 | - 0.98 | 0.86 | 0.62 | -
oY -16 | -16 |-16 |-16 |-16 |-16 |-16 |-16 |-16 |-1.6 |-1.6 | -1.6 | -1.6
0 0 0 0 0 0 0 0 0 0 0 0 0
dy’ 931 | .715 | .874 | .707 | .681 | .867 | .846 | .769 | .814 | .923 | .710 | .612 | 772
9 6 3 7 5 4 1 0 0 0 0 0 3
Table 4-7d Relation of annual mean temperature and rainfall
to weight of culms(W=cD")
Locations | Chao | Zhun | Hua Zhan | Chi Fun Dam | Shim | Yuch | Tian | Yi x | Xie Kyot
ping | gyi n shui shui xing | aosh | en jasha | mus | ing shui o*
keng an n han
Ex | a | .153 | .151 | .184 | .138 | 1008 | .159 | .156 | .095 | .146 | .161 | .152 | .100 | .090
pt. 8 3 9 6 4 6 9 7 4 7 0 6
by [ 094 (073 | 0.85 | 0.6 0.74 | 0.72 | 0.83 | - 0.98 | 0.86 | 0.62 | -
ro 931 | .715 | .874 | .707 | .681 | .867 | .846 | .769 | .814 | .923 | .710 | .612 | .772
9 6 3 7 5 4 1 0 0 0 0 0 3
Th | a 154 | .125 | .148 | .124 | .119 | .148 | .145 | .134 | .142 | .158 | .125 | .104 | .135
eor 5 8 6 2 7 8 0 6 0 9 0 5 1
be | 221 227 |223 |228 | 229 | 223 |223 |226 |224 |221 |228 |232 | 226
65 72 18 64 15 36 94 29 85 50 39 62 19
re 094 | 095 | 098 (097 (099 |097 |09 |[097 [085 |0.97 |098 | 099 | 0.93
6 7 3 9 1 4 0 1 6 8 2 9 9
Table 4-7e Relation of annual mean temperature and rainfall
to weight of culms (W=eD"H)

Location | Cha Zhung Hua | Zha Chi Fun Dam | Shim | Yuch | Tian | Yi xi | Xie Kyot

S o] yi n n shui | xing | ao en ia mu ng shui | o*

ping keng | shui shan shan | shan

Expt | e | .050 | 0600 .059 | 0605 | .039 | .052 | .056 | 0388 | 0493 | 0519 | 0667 | 0528 | .040




o | 7 5 9 4 4 3
f | 149 | 1.5034 | 1.46 | 1.45 | 1.58 | 1.52 | 1.45 | 1.62 | 1.56 | 1.54 | 1.385 | 1.48
o | 70 15 71 53 12 64 22 24 31 7 41
The | e | .048 | .0505 .050 | .051 | .052 | .050 | .051 | .052 | .052 | .053 | .0531 | .053 | .052
or. ¢ |2 2 9 3 6 8 4 7 6 5 0
fe | 1.50 | 1.4760 | 1.51 | 1.49 | 1.47 | 1.51 | 1.51 | 1.51 | 1.52 | 1.55 | 1.505 | 1.48 | 1.50
38 24 31 80 69 20 34 22 27 5 12 90

note: * From Ueda,K."Studies on the Physiology of Bamboo”.

Then, we calculate their standard deviation(d).The :;é L

quadric curve is the best with least error and height 8
(1

correlation, the power function the next, and the e
].ﬁ 3 (o=, G0 In"'5||

straight line the last. But for practical purpose, the

power function equation is desirable, because it has only 14 " "'!:
two parameters and resultsin much less error than the 12 F ) ; = mtfﬁ“’;
straight line, though slightly greater than the quadric w | @)
curve. thea, magn'™ W68,
According to H = aD b, we calculate a, b of §
regression equation for breast-height diameter and total &
height of culms from 13 locations and their correlation 4
coefficient(r) as listed in Table 5-7. B. Climatic factors v
and height of culms )
In Table 5-7, a;, and by vary with annual mean = 2 4 6 8 06 12 14 18
temperature(t) and precipitation(R). Their relationship Fig.5-6 Breast-height diameter

and heightof culms

* (1,Chaoping 2,Damaoshan 3,shimen 4, Xiashui )
A= 0.1t+0.02165 11 - (5—41)
t In the annual mean temperature and rainfall of an
by = 1.0223-0.002865 _______ (5—42) area are given to formulus(5-42),at and b; can be
t calculated(Table 5-7) and the correlation coefficient(r)
Then from obtained shows that formulus(5-43) is feasible.
H = a,Dby, we obtain . C. Stand density and height of culms stand density(N)
_ E (10223000286 — influences the culm height(H). Their relationship is
H = [0.1t+ (0.0216 " ) -11]D t H = 0.8450N0SD0 oo (5 an
"""" ( 5—43 ) Apparently, a denser stand always promotes height

growth of culms,and a lower stand density results in a
smaller height of culms.

Table 5-7 shows that the density of bamboo stands
in 12 locations (except Kyoto,japan) is about 200 culms
per mu, i.e. N=200 culms/mu,which can be recognized
as a standard, the stand density parameter
Ky = 1, and be calculated,

Ky = (0.8459N%7*D%78) / (0.8459 x 2
000.1745D%7®) = 0.3967N%** -- (5—45)

D.Breast height diameter and total height of culms in




different climate and different stand density. In
studying the relationship between breast height
diameter and total height of culms, it is necessary to
consider  the influence from the climatic
conditions(t,R).Such a influennce can be expressed in a

mathematical model by(5-43)x(5-45),

R
Ho o= 0396TT (01600216 = -L1)
R
Domems M = (396714857 - 43637)

R
10-5N0.1745D(10223-28.6T ) 104 ______ (5_46)

2. Breast height diameter and clear length of
culms
A. The correlation of breast height diameter and clear

length of culms is straight line(Fig.5-8)

Based on the data collected from 12 locations, a’and
b’can calculated and listed in Table 5-7.

B. Climatic factors and clear length of culms From
Table 5-7, @’ values, except -4.36 for Shimen, are about
-1, is related to the annual mean temperature and
precipition,b’=0.66Rt2.Giving a’ and b’ values to (5-47)
we obtain

He= (0.667Rt?10°+0.433) D — 1--(5-48)

According to (5-48),a’and b’of these location are iven.
Results obtained from such an equation only slightly
different as compared with the actual values.

C. Stand density and clear length of culms In an
area,the denser stand,the longer clear length of
culms.Their relation is

Hg = 0.0398NO4668-mmmmeeeeen (4-49)

As seen in Table 5-7,the stand density of 12 districts
is about 200 culms per mu.We take N=200 culms/mu as
a standard stand,i.e Ky = 1, and calculate Ky as follows,
Ky =(0.0398N"*¢¥D)/(0.0398x 200D =
0.0843N04668 oo (5-50)

D. Brestheight diameter and clear length of culms in
different climate and different stand density. The
mathematical model for brest-height diameter and clear
length of culms can be constructed in relation to the
climation conditions:

Hae = 0.0843N°*%%(0.667Rt?10°+ 0.433)D-1 =
(562Rt?10°+365 x 107*)N**%®D-1---(5-51) As

expressed in (5-51),the greater stand density,the larger
brest-height diaameter and the longer is the clear length
of culms. This fact indicates that with fair increase in the
density of bamboo stands, not only the culm production

increases,but the qulity of culms is greatly improved.

Reation of Brest height Diameter to Fresh

Weight of Culms and Branch leaves

1. Breast-height diameter and culm weight

A.The fresh weight of culms is corrlated to the
brest-height, that is the greater the diameter, the
heavier the weight( Fig.5-7).

According to equations of W = a+bD, w = c¢D® and

W = a+bD = cD? we calculate the data collected from
damaoshan, Shimen and Yixing as follows.
Daimaoshan(575 culms):
W = 5.1193D-25.809---------- (5-52)
W = 0.1566D*17%  --cmemmmeme- (5-53)
W = 0.2706D*-0.369D **%2---(5-54)

Shimen(53 culms)

W = 6.2079D-37.957---------- (5-55)

W = 0.0959D%3638  ooeemmmoe (5-56)

W = 0.4468D?-3.7074D+14.4193--(5-57)
Yixing(300 culms)

W = 3.8493D-15.6926---------- (5-58)

W = 0.1527D%17%6 e (5-59)

W = 0.2825D%*0.6312D+1.0815---(5-60)

The standard deviations obtained show that the
quadric curve is the best with the least error,the power
function the next,and the straight line the last.But for
practical purpose,W=cDd is desirable.lt has only two
parameters and results in much less error than the
straight line,though slightly greater than the quadric
curve.

According to W=cD%we caculate c,d for
breast-height diameter and total weight of culms from
13 locations and correlation coefficient(r) as listed in
Table 5-7 and Appendix
B. As indicated in Table 5-8, the parameter c increases
with increase in annual mean temperature (t) and

rainfall index(R/t). Their relationship is

R
c= 0.0163+0.00208t+0.000901T



R
= (163+ 20.8t+9.01) T 10* - (5—61)

But the parameter d decreases with increase in

annual mean temperature (t) and rainfall

index(— ).Their relationship is:
R
d= 2.53055-0.005648t—0.001874T

R
= (253005-564.8t-187.4T) 10°--(5-62)

From (5-61) and (5-62),the relation of culm weight (w)
to annual mean temperature (t)rainfall index(R/t) can

obtained.

) 1 0-4D(253055-564.8t-187.4

R
(163+20.8t+9.01 T

Accordingly on the basis of t and R/t,ct, dt,and r can
be calculated and listed in Table 4-7.As indicated in r
values, the difference is not significant.Consequently
(5-63)is feasible to calculate the relation of
breast-height
diameter to culm weight in connection with the
climaticfactors(t,R).
2.Brest height diameter and fresh weight of
branches and leaves
A.In general,weight of branches is relatively stable, but
the weight of leaves varies considerably with season and
leaf age.Thus the weight of branches and leavesappears
to change greatly in accordance with seasons,leaf age
and on or off year. Apparently the weight of branches
and leaves increases with increase in brest height
diameter of culms. Their relationship is expressed
by Whbl= c’+ d’Dand c’,b’ can be calculated and listed
in Table 5-7.
B.Climatic factors and branch leaf weight of culms As
indicated in Table 5-7c¢’ is about -1.6 in average,d’ is

related to t and R and can be written as follows

1
d'= 0.188X10°R*} +0.5-------~- (5-65)

If c’,d’ values given to (5-64), the relation of
branch leaf weight to annual mean temperature and

rainfall index(R/t) can be obtained.

1
Wy= (0.188X10° R*} +0.5) D-1.6--(5-66)

C.Stand density and branch

Fig.5-7 Brest-height diameter
and weight of culms
(1.Damaoshan 2.Zhaoping 3.Xiashu)

leaf weight Generally, the greater stand density, the
smaller branch- leaf weight of individual culms.

Their relationship is

Wy = 2.5998N?“03D*%*  ----(5-67)

In Table 5-7,the stand density in 12 locations is
about 200 culms per mu.We use N=200 culms/mu as a
standard density to calculate Ky,

Ky = (2.5998N040%D12%) / (2,5998X200 -0.4030D"**)
= 6.759N 04030 (5—68)

D. Under different climatic conditions a mathematical
model can be constructed to express the relationship
between brest height diameter and branch leaf

weight in different stand density

1
W= 6.759N%4%%0 (0,188X10° R2f+0.5)

D-1.6
1
Wy= (1.2707X10° R +3.3795)

VAR D S—— (5-69)



3.Breast height diameter,height and weight of
culms

The weight of culms always increases with increase
in their breast height diameter and height. If culms are
same in diameter at breast height,their weight increases
proportionally with their height.In the case of same
height,however, the increase of culm weight is not
proportional to the breast height diameter, but follows a
power function curve.Thus,their relationship can be

expressed by

From W=cD“ and W=cD®, e,f can be calculated.
** W=eDfH, W=cD9 H=aD"

s W = eD'H=cD",

eD'X aD’=cD? eD'=cD/aD’=cD“"/a

.. e=c/a, f=d-c

R
"'a = 0.1t+0.0216 — -1.1;
t
R
b= 1.0223-0.00286T ;
R
c= 0.0163+0.00208t+0.000901T ;

R
d=2.53055-0.005648t-0.0001874 T
1

R

~. € = (0.0163+0.00208t R’ +0'5)+0'000901T)

R R
/(0.1t+0.0216 — -1.1) = (2t+ — +8)/

t t

R
(100t+20T ~920-wmemememene (5-71)
R
f= (2.53055-0.005648t-0.001874T )
R

-(1.0223-0.00286T )

R
=(150825-564.8t+98.6 ry )10°--(5-72)

Giving e,f values to W=eDH,we obtain the relation of

culm weight to breast-height diameter (D) and height(H)
with reference to annual mean temperature (t) and

rainfall index(R/t):

R R
W= [(2t+ T +8)/(100t+20T -920)]
R

HD(150825-564.8t+98.6 T 105 (4_73)

R
Accordingly giving t and T of different districts

to (5-73),e,f of their theoretical regression equation can
be calculated and listed as in Table 5-7. From the
standard deviation and standard error between the
theoretical value and actual value, the difference is not
significent generally.Thus,the (5-73) is feasible to
express the relation of culm weight to breast-height
diameter and height in connection with the influence of

annual mean temperature and precipitation.
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Appendix:

Reation of Brest-height diameter to Fresh Weight on Types I of Bamboo stand
Brest-height diameter(c 5 6 7 8 9 10 11 12 13 14 15
m)

| 0.0 43 | 6.6 | 954 |13.0 | 172 |221 | 277 |340 | 411 |49.0 | 57.8




Fresh 0.2 1 6 10.1 | 8 7 6 6 6 9 9 0
Weight (kg) 0.4 47 |71 |9 13.8 | 18.2 | 23.2 | 289 | 354 | 42.7 | 50.7 | 59.6
0.6 1 6 108 | 6 0 3 6 9 2 6 1
0.8 5.1 772 | 8 14.6 19.1 24.3 30.2 36.8 44.2 52.4 61.4
7 8.3 11.5 8 4 1 1 5 7 8 9
5.4 0 8 15.5 20.2 25.4 31.4 38.2 45.8 54.2 63.3
7 89 | 123 |2 3 3 8 7 4 3 9
6.1 1 1 16.3 21.1 26.5 32.7 39.7 47.4 56.0 65.3
1 9 3 8 8 2 6 1 7
Reation of Brest-height diameter to Fresh Weight on Types II, III of Bamboo stand
Brest-height diameter(c 5 6 7 8 9 10 11 12 13 14 15
m)
0.0 5.1 7.62 10.6 14.2 18.4 23.1 28.4 34.4 40.9 48.1 55.8
Fresh 0.2 2 8.18 | 5 4 0 3 7 6 3 0 9
Weight (kg) 0.4 5.5 8.77 11.3 15.0 19.3 24.0 29.6 35.6 42.3 49.6 57.5
0.6 8 9.37 | 2 2 0 0 0 6 3 1 0
0.8 6.0 10.0 12.0 15.8 20.2 25.2 30.7 36.9 43.7 51.1 59.1
6 0 2 4 2 0 6 4 2 5 7
6.5 12.7 16.6 21.1 26.2 31.9 38.2 45.1 52.7 60.8
6 2 6 7 6 6 5 5 1 6
7.0 13.4 17.5 22.1 27.3 33.1 39.5 46.6 54.2 62.5
7 8 2 4 5 7 8 2 9 9

(This text source:

{Journal of Nanjing Technological College of Forest Products) ,1981,No.1)




