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TOM TAT

Viéc xady dung va lua chon ham tang truong phu hop ¢6 ¥ nghia quan trong trong Iam hoc, vi cho phép mo ta
chinh xac dong thai sinh truong, du bao ning suit va hd tro ra quyét dinh trong quan Iy ring tréng. Nghién cau
nay trinh bay két qua udc luong va dy doan qua trinh sinh truong cua ring trong Thong ba 14 (Pinus kesiya
Royle ex Gordon) trong giai doan tir cip tudi 5 - 30 nim tai khu vuc Puc Trong thugc tinh Lém Pdng bing
nhitng ham ting truéng khac nhau. S6 ligu thu thap bao gom 18 6 mAu véi kich thuoc 1.000 m?. Két qua nghién
ciu cho thay: (1) Néu sir dung 4 ham Gompertz (1825), Korf (1929), Chapman-Richards (1959) va
Kumaraswamy (1980) dé mo ta qua trinh sinh truéng trix luong gd cua ring trong Thong ba 14 trong giai doan tur
cip tudi 5 - 30 nam, thi két qua nhan dwoc 13 khac nhau. (2) Phuong phap xu |y s6 liéu khac nhau dan dén bao
céo khéc nhau vé cac dic tinh sinh trudng trir luong gd cua ring trong Thong ba I4. (3) Pé nhan dwoc két qua
thdng nhét, nghién ciru nay dé xuat chi s dung ham Korf dé md ta qué trinh sinh truéng trir lwong gd cua ring
trong Thong ba 14 trong giai doan tir cap tudi 5 - 30 nam. Theo ham Korf, tang truéng trit lwong gé hang nam 16n
nhét (ZMya) va binh quan nim 16n nhit (AMy) cua ring trong Thong ba 14 trong giai doan tir cap tudi 5 - 30
nam tuong ung 1a 21,1 va 15,4 m*/ha/ndm. Tudi dat ZMyax V& AMyay tuong Gng 13 17 va 35 ndm. Vi thé, tudi 17
1a thoi diém trix luong gd cua ring trong Thong ba I chuyén tir giai doan sinh truong nhanh sang giai doan sinh
truong cham. Tudi thanh thuc s6 lwong cua ring trong Thong ba 14 1a 35 nam. Két qua cua nghién ciru ndy cung
cép co s& khoa hoc dé lya chon mé hinh phan tich qua trinh sinh trwdng cua rieng trong Thong ba 14 tir giai doan
rimg non dén trung nién.

Tir khéa: Ham ting trudng, rieng trong Thong ba 14, trir lugng gd, ting truéng hang niam, ting trudng binh
quén nam.
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ABSTRACT

The establishment and selection of an appropriate growth function are of great importance in silviculture, as they
allow for accurate description of growth dynamics, yield prediction, and support for decision-making in forest
plantation management. The study presented the estimation and prediction results of timber volume growth for
Pinus kesiya Royle ex Gordon plantations in the period from 5 to 30 years old in Duc Trong area of Lam Dong
province using different growth functions. Data were collected from 18 sample plots, with a size of 1,000 m? The
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research results indicated that: (1) If using 4 functions, Gompertz (1825), Korf (1929), Chapman - Richards (1959),
and Kumaraswamy (1980), to describe the growth process of timber volume of P. kesiya plantations in the period
from 5 to 30 years of age, the results obtained are different. (2) Different data processing methods lead to different
reports on the growth characteristics of timber volume growth of P. kesiya plantations. (3) To obtain consistent
results, this study proposes to use only the Korf function to describe the growth process of timber volume of the P.
kesiya plantations in the period from 5 to 30 years of age. According to the Korf function, the maximum annual
growth rate (ZMwax) and the maximum annual average growth rate (AMya,y) Of the P. kesiya plantations in the
period from age level 5 to 30 years are 21.1 and 15.4 m3/halyear, respectively. The ages at which ZMax and AMyax
are reached are 17 and 35 years, respectively. Therefore, age 17 was the time when the timber volume of the P.
kesiya plantations changed from the rapid growth stage to the slow growth stage. The age at which the quantity of
the P. kesiya plantations matures is 35 years. The results of this study provide a scientific basis for selecting a
model to analyze the growth process of P. kesiya plantations from the young to middle - aged stages.

Keywords: Annual growth, average annual growth, growth function, Pinus kesiya plantations, timber volume.

I. PAT VAN DE

M6 hinh ting trudng duogc st dung dé mé ta qua
trinh bién doi vé kich thudc ciia cdy gb va quan
thu theo thoi gian (A, nam) (Burkhart, Tomé,
2012; Nguyén Van Thém et al., 2021), phan tich
quan h¢ gitra rung va moi truong (Cuong et al.,
2025; Lé Van Cuodng, 2025a). O muc ciy gd,
1am hoc phan tich sy bién d6i theo A ctia duong
kinh than ngang nguc (D, cm), chiéu cao toan
than (H, m), tiét dién ngang than (g, m?), thé
tich than (V, m®. O mirc quin thy, 14m hoc
phan tich sy bién dbi theo A ctia mat do (N,
cay/ha), tiét dién ngang (G, m%ha), sinh khéi
(B, tAn/ha) va trir luong gd (M, m*ha). Quéa
trinh bién d6i cia Y (Y=D,H, g, V, G, M) theo
thoi gian c6 dang dudng cong Sigmoid hay
duong cong hinh chit S (Weiskittel et al., 2011;
Nguyén Vin Thém et al., 2021). Qua trinh sinh
trudng cua cdy gd va quan thu thuan loai dong
tudi c6 thé dugc mo ta bang nhidu ham ting
truong khac nhau (Zeide, 1993; Burkhart,
Tomé, 2012; Sedmak, Scheer, 2015). O Viét
Nam, mét sb tac gia nhu Vi Tién Hinh (2005);
Nguyén Vin Nhan (2018); Nguyén Vin Thém
va dong tac gia (2021); Nguyén Vian Thém
(2023); Cuong va ddng tac gia (2025); Lé Vin
Cuong (2025a) di ap dung mot s6 ham ting
truong dé phéan tich dic diém ting truong cta
mot s6 lodi cdy gd va rimg trong thuan loai dong
tudi theo thoi gian va méi truong khac nhau.
Dbi voi loai cay gd va quan thu thuan loai dong
tudi, mé hinh ting truong cé thé dugc mo ta
bang nhiéu ham dy tuyén khac nhau; trong d6

mo hinh tang trudng thich hop dugc chon theo
tiéu chuan “Tong sai léch binh phuong nho
nhat”. MGi ham ting trudng co nhitng dic tinh
khac nhau. Vi thé, khi sir dung nhitng ham ting
truong khac nhau, thi két qua ude lugng va du
doan qua trinh sinh trudng cta cdy gd va quan
thu cling khac nhau. Muc ti€u cua nghién ciru
nay 1a xac dinh sy khic nhau vé két qua udc
luong va dy doan qud trinh sinh truong trix
luong g6 cua rimg trong Thong ba 14 do st dung
nhiing ham ting truong khac nhau. Két qua cta
nghién ctru ndy cung cép thong tin dé phan tich
qua trinh sinh truéng cua rimg trong Thong ba
14 theo thoi gian tai khu vyc Ptc Trong, tinh
Lam Dong.

1. PHUONG PHAP NGHIEN CUU

2.1. Pbi twong nghién ciru

Déi tugng nghién ctru 12 qua trinh sinh truong
trit lwong gd cua rimg trong Thong ba 14 (Pinus
keysiya Royle ex Gordon) trong gian doan tur 5 -
30 nim. Mat do trong rimg Thong ba 14 ban dau
la 2.200 cay/ha. Nghién ctru dugc thuc hién tai
khu vuc Ptic Trong thudc tinh Lam Déng. Toa
do dia ly: 108°22°13” - 108°30°24” kinh do
Dong; 11%46°15” - 11°55°27” vi d6 Béc. D6 cao
dia hinh dao dong tir 1.000 dén 1.700 m so véi
mit nude bién. Do dbc trung binh trén 20°.
Rung Thong ba 14 duoc trong trén dat vang do
phat trién trén da me granit. Khu vuc nghién
ctru thudc vung khi hau 6n hoa nuai cao. Nhiét
d6 khong khi trung binh nim 1a 18°C, cao nhét
18,9°C, thip nhit 16,9°C. Luong mua trung
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binh nam 14 1.823 mm, cao nhit 2.357 mm, thap
nhat 1.354 mm. D6 4m khong khi trung binh
nim la 84%, cao nhit 88%, thdp nhit 80%
(Nguyén Vin Nhan, 2018).

2.2. Phwong phap thu thép sé liéu

Budc 1: Phan chia rimg trdng Thong ba 14 theo
6 cAp A v6i mdi cdp 5 nam (Cuong et al., 2025).
Budc 2: Phan chia tinh trang sinh trudng ctua
rimg trong Thong ba 14 & mdi cap A thanh 3 cap
sinh truéng: t6t, trung binh va xau. Bude 3: Xac
dinh s6 6 tiéu chuan tam thoi (OTC) va dién tich

OTC. O mdi cip A trong mdt tinh trang sinh
truong cia rumg trong Thong ba 14, thu thap 3
OTC. Dién tich OTC 1a 1.000 m? (25 x 40 m).
Téng s 1a 54 OTC; mdi cip A 1a 9 OTC. Budc
4: Xéc dinh trit lugng gd (M) trung binh (m®) cta
rimg tréng Thong ba 14 theo cip A. Chi tiéu M
(m3/ha) = NxV; trong d6 N (cay/ha) la mat do
trung binh ctia rimg tréng Thong ba 14 & mdi cap
A, V (m®ha) 1a thé tich cua cay binh quan & mdi
cap A. Bang 1 tom tat dic trung trit luong gb cua
ring trong Thong ba 14 theo 6 cap A khéac nhau.

Bang 1. Trix luong gd cua ring tréng Thong ba 14 tai khu vye Bac Trong

Cép A (nam) sé OTC M (m3ha) Min Max +SEE" CV%
5 3 7.9 5,0 11,0 3,0 70,3
10 3 65,5 32,1 100,8 34,4 52,5
15 3 164,0 142,9 185,0 29,8 18,2
20 3 268,5 228,7 308,9 40,1 14,9
25 3 367,8 348,6 387,0 27,2 7.4
30 3 458,1 4235 4926 48,9 10,7

Ghi chu: "V SEE = D¢ léch chuan cia sé trung binh; @ CV% = Hé s6 bién dong.

2.3. Phuwong phap xir 1y s6 liéu

2.3.1. Chon mé hinh ting truwéng dé mé td triv
lwong g6 ciia rieng trong Théng ba ld

Rimg trong Thong ba 1a trong giai doan tir cap
A =5 - 30 nam dang ¢ giai doan non dén trung
nién. Pudng cong ting truéng M gb cé dang
Sigmoid. Vi thé, nghién ciru ndy mé ta qua trinh

giai doan nay bang 4 ham ting truong: (1)
Gompertz (1825), (2) Korf (1929), (3) Chapman
- Richards (1959), (4) Kumaraswamy (1980). O
ham (1) - (4), M (m*ha) 1a trir luong gd; A (ndm)
1a tudi; a 14 tiém can trén cia M khi A = oo; b 14
tbc do ting truong trong giai doan dau; c la
tham s hinh dang ciia dudng cong ting truong,

bién d6i M gd cua rimg trong Thong ba 14 trong d 13 tham s hinh dang 2.
Gompertz (1825) M = aexp(-bexp(-cA)) @
Korf (1929) M = aexp(-bA™) (2)
Chapman - Richards (1959) M =a(1 - exp(-bA))° (3)
Kumaraswamy (1980) M=a(l-(1-(Ab)%) (4)

Cac tham s va théng ké sai 1éch cua 4 ham
(1) - (4) duoc xac dinh theo phuong phap hoi
quy va tuong quan phi tuyén tinh cua. Mirc d6
phu hop cta mdi quan hé gitta M (mg/ha) voi
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(MAE; Coéng thic 8); Sai sb tuyét ddi trung
binh theo phan trim (MAPE; Céng thic 9);
Sai s trung binh (ME; Céng thirc 10); Sai s
trung binh theo phan trim (MPE; Céng thirc
11). O cong thue (5) - (11), M; va M; tuong
ting 1a trit lugng gb thuc té va udc lugng; Mgq
1a trit lwong gb binh quan thuc té; n = dung
luong mau; p = sb tham sd cua ham hdi quy.
Muc dich cua phan tich cdc ham tang truéng
1a chon 1 ham mo ta chinh xéac sy bién déi cua
san lugng rung theo thoi gian. Theo muc dich
nay, ham trir lugng gS thich hop dugc chon theo
tiéu chuan SSEwmin VA SEEmin. Céac bude phan
tich hoi quy va tuong quan dugc thuc hién
bang phan mém théng ké STATGRAPHICS
Centurion XV.1 15.1.02.

e T S
SSR = Y =1, n(Mi - My)? (6)
SEE = %T) @
MAE = |(M; - My)/n| ®)
MAPE = 2i=LuMAE 1,\;“MAE 100 ®)
ME = (M; - M;)/n (10)

(i=1,n) 11
mpE = 26=L0ME 5 D

M;

2.3.2. P{uin tich dgic: trung sinh truong trir
lwong go cua rieng trong Thong ba la

Budc 1: Khao sat 4 ham ting truong dé Xac
dinh cac dic trung sinh truéng M gb clia ring
trong Thong ba 1a. Chi tiéu tinh toan bao gdm:
(1) Gia tri M gd tai A nim; (2) Ting trudng
thuong xuyén hang nam (ZM, m3/ha/ném)
(Cong thuc 12); (3) Tang trudéng binh quan
theo dinh ky n nim (Z,M, m%ha/nam) (Cong
thuc 13); (4) Tang trudng trung binh nam (AM,
m*/ha/ndm) (Céng thic 14); (5) A dat ZMax

va AMpay; (6) Suat ting truong M gd hang
nim (PM%; Cong thtrc 15). Tudi dat ZnMpiax
va AMpyay d6i v6i 4 ham ting trudng duoc xac

dinh bing bang va do thi.
ZM = Ma - Ma (12)
7 M= Ma -nMA-n (13)
=Y (19
PM% = 100% (19)

Budc 2: Phan tich sy khac biét vé dic trung sinh
truong M gd cua rimg trong Thong ba 14 do sir
dung 4 ham tang truong khac nhau.

Budc 3: Sir dung phuong phap xu Iy sb liéu
khac nhau dé phan tich va so sanh cac dic trung
sinh trudng M gd cua rimg trong Thong ba 14 tir
cap A =5 - 30 nam.

III. KET QUA VA THAO LUAN

3.1. Ham sinh truéng trir lwrong gb cia rirng
trong Thong ba la tir cAp tudi 5 - 30 nim

Phan tich hdi quy va tuong quan cho thiy cac
tham s6 hdi quy, hé sb xac dinh (R?) va cac
thong ké sai léch (SSE, SEE, MAPE, ME,
MPE) cta 4 ham uwdc luong M dbi voi ring
trong Thong ba 1a tir cip A = 5 - 30 ndm co
dang nhu ham 1 - 4 (bang 2). B6n ham nay ton
tai @ muc y nghia rat cao (P <0,01); trong d6 hé
s6 R? cao nhét 14 ham 2 (99,99%), thap nhit 1a
ham 1 (99,87%). Hai gia tri SSEmin V& SEEwmin
xudt hién ¢ ham 2 (SSEmin = 6,3; SEE = + 1,4);
tiép dén 12 ham 3 (SSEmin = 163,5; SEE = 7,3);
|6n nhét 1 ham 1 (SSEwin= 597,7; SEE = + 14,1).
Gié tri MAPEi, xudt hién & ham 2 (5,2%); tiép
dén & ham 4 (22,7%); 16n nhét & ham 1 (41,3%).
Khi mo6 td qua trinh sinh truéng M cua rung
trong Thong ba 14 tir cAp A = 5 - 30 nam theo 4
ham nay, thi M du doan déu nhan sai s hé théng
am; trong d6 cao nhit & ham 4 (ME = -1,33;
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MPE = -37,8%) va nho nhat & ham 2 (ME = -0,16;
MPE = -5,0%). Theo hai tiéu SSEwmin Va SEEwmin,
ham 2 (Korf) 12 ham thich hop dé phan tich qua

trinh sinh truéng M gd cua rimg trong Thong ba
14 tir cip A =5 - 30 nim.

Bang 2. Cac ham uéc luong trit lwong gd cua rimg trong Thong ba la tur cAp A =5 - 30 nim
tai khu vuc Puc Trong thudc tinh Lam Dong

Cac tham sb Cac ham tang trwéng M
[1] [2] [3] [4]
y 610,593 1873,620 709,527 560,123
b 6,197 20,747 0,072 440,113
c 0,101 0,791 3,545 2,339
d 896,537
P <0,01 <0,01 <0,01 <0,01
R?(%) 99,87 99,99 99,96 99,89
SSE 597,7 6,3 163,5 499,1
+SEE 14,1 1,4 7.3 15,8
MAE 4,83 0,45 2,36 431
MAPE (%) 41,3 5,2 22,7 39,2
ME -1,12 -0,16 -0,72 -1,33
MPE(%) -39,3 -5,0 -21,9 -37,8

Ghi chii: (*) P, = Mirc ¥ nghia thong ké

3.2. Pic diém sinh trwéng cia rirng trong
Thoéng ba la

Khi thay bién A (nim) vao 4 ham 16 - 19, uéc
lugng va du doan duoc M gb cua ring trong
Thong ba 14 tir cdp A = 5 - 40 nam (bang 3). So
v6i M gb tir cdp A = 5 - 35 ndm dugc udc luong
va dy doan theo ham [2] (100%) (bang 4), dai

lwong nay tai cip A = 5 nam dugc udc lugng va
du doén theo 3 ham [1], [3] va [4] 16n hon
tuong tng 160,5%, 78,4% va 150,5%. Tir cip A
= 10 - 30 nam, ty 1é sai khac vé M gd giira 3
ham [1], [3] va [4] so v61 ham [2] chi & muc
nho hon 5%. Trai lai, tir cdp A > 35 nam, ty 1&
sai khac nay 1a 16n hon 10%.

Bang 3. Udc luong va du doan trit luong gd cua rimg trong Thong ba 14 tir cip A =5 - 40 nam.
Tinh todn tir 4 ham [1] - [4] 6 bang 2

i U&c lwong M gb tir cac ham tang trwéng
Cap A (nam)
(1] (2] [3] (4]
5 14,6 5,6 10,0 14,1
10 64,5 65,1 65,6 67,6
15 157,7 163,7 160,8 158,2
20 270,2 268,8 269,1 267,8
25 373,7 368,0 370,7 373,0
30 454,3 4579 456,4 455,7
35 511,0 538,2 524,2 509,8
40 5475 610,5 578,1 539,3
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Bang 4. So sanh trit luong g cua ring trong Thong ba 14 tir cAp A =5 - 35 nam
duoc udc luong va du doan theo 4 ham khéac nhau

) Ty 1& sai léch vé M so v&i ham 2 (%)"
Cap A (nam)
(1] [2] (3] (4]
5 260,5 100 178,4 250,5
10 99,0 100 100,7 103,7
15 96,3 100 98,2 96,6
20 100,5 100 100,1 99,6
25 101,5 100 100,7 101,3
30 99,2 100 99,7 99,5
35 94,9 100 97,4 94,7

Ghi chii: (*) Ham duoe si dung dé so sanh

Khi giai tich 4 ham [1] - [4], xac dinh dugc dac
diém sinh truong cta rimg trong Thong ba 1a
trong giai doan tir cdp A = 5 - 30 nam (bang 5).
So véi ham [2] (100%), dai lugng ZMuax dugce
tinh tr ham [1], [3] va [4] 16n hon tuong Gng
7,0%, 2,3% va 4,3%. Tudi xudt hién ZMpmax
duoc du doan tir ham [1], [3] va [4] twong Gng
la 18, 18 va 20 nam, cao hon 2 - 4 nam so voi
ham [2] (16 nam). Pai luong AMmax dugc tinh
tir 3 ham [1], [3] va [4] khac nhau khong dang
ké so voi ham [2]. Tudi xuat hién AMyax dugc

du doan tr 3 ham [1], [3] va [4] 1a 30 nam,
thap hon 5 nam so voi ham [2] (35 nidm). So
v6éi ham [2] (100%), néu st dung 3 ham [1],
[3] va [4], thi M tai A dat ZMmax tuong ung 16n
hon 15,6%, 12,5% va 38,0%. Trai lai, néu su
dung 3 ham [1], [3] va [4], thi M tai A dat
AMpax tuong ung nho hon 14,9%, 15,2% va
14,9% so voi ham [2]. Su khéac biét nay biéu
hién rat rd khi st dung 4 ham nay dé du doan
ting truong cia rimg trong Thong ba 1a tir cip
A >35 nam (hinh 1).

Bang 5. Dic diém tang truong trir lugng gd cua rung trong Thong ba la
duoc khao sat tir 4 ham khac nhau

. Ting trwéng hang nam (m*/ha/nam) Téng trwéng binh quan nam (m*ha/nam)
Ham ZMyax A (nam) M (m®) AMpyiax A (nam) M (m®)
[1] 22,8 18 225,0 15,1 30 454.3
2] 21,3 16 194,6 15,4 35 538,2
[3] 21,8 18 219,2 15,2 30 456,4
[4] 22,2 20 268,5 15,2 30 458,1

Khi 4p dung 4 ham [1] - [4] vao thuc té, ting
truong cua rimg trong Thong ba 14 duoc tinh
binh quan theo dinh ky 5 ndm (ZnM; Cong thirc
13) va binh quan nam (AM; Cong thuc 14)
(bang 6). So v&1 ham [2] (100%), gia tri ZnM
duoc tinh tir 3 ham [1], [3] va [4] 16n hon tuwong
tmg 7,1%, 3,3% va 4,3%. Cap A xuat hién
ZnMpax duge ude luong tr 4 ham nay la 20
nam. Trir lugng gd tai cip A dat ZnMyiax 14 nhur

nhau (M = 268,5m*/ha). N6i chung, néu sir dung
4 ham nay dé du doan ting trudng binh quan
theo dinh ky 5 nim cua ring trong Thong ba 1a
tu cép A > 35 nam, thi sy khac biét gitta 4 ham
nay 1a rat 16n.

Theo tiéu chuin SSEwin, ham 2 (Korf) 1a ham
thich hop dé mé ta qua trinh sinh truong trir
luong gd cua rung trong Thong ba 14 trong giai
doan tir cdp A = 5 - 30 nam. Khi ap dung ham
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nay vao thuc té, dic trung ting truong trit luong
g0 cua rimg trong Thong ba 1a dugc tinh theo 2
phuong phap. Phuong phap 1: Khdo sat ham [2]
dé xac dinh ZM, ZMiax, A tai ZMmax V& AMpax,
AM va AMpiax, A dat AMyax trong ing theo cac
ham (16) - (21). Céac tham sb y, b va ¢ dugc dan

ZM (m®/ha/nam)

25

20 7 —5
15 / /

10 //
N
5 10 15 20 25 30 35

—Ham 1 (Gompertz) —— Ham 2 (Korf)
- - -3 (Chapman-Richards) — 4 (Kumaraswamy)

~N
N

0

ra & bang 2, con e 1a co s6 Neper (2,71828).
Phuong phap 2: Tinh ZnM va AM theo céng
thic 13 va 14, con ZMpax, AMmax, A dat
ZNMpiax V& AMpax duge xac dinh bang bang va
d6 thi (bang 6).

AM (m®ha/nam)
20

15 ===

10 4/
/

5 //
0
5 10 15 20 25 30 35 40
——Ham 1 (Gompertz) — Ham 2 (Korf)
= = -Ham 3 (Chapman-Richards) —— Ham (4) Kumaraswamy

Hinh 1. D6 thi du doan ZM va AM cua ring trong Thong ba Ia tir cdp A > 35 nam
bang khao sat tir 4 ham 1 - 4

M

ZM = yexp(-bA®)(bc) A (16)
ZMuia= (((y(c+1))/e))((c+1)/(ebe) ™™ (17)
A tai ZMuax = ((bc)/(c+1))® (18)

AM = (19)
AMpax = Y/(ebc) @ (20)
A tai AMpax = (bc)®® (21)

Bang 6. Dic diém tang truong trir lugng gd cia ring trong Thong ba 14 tir cap A = 5 - 30 nam. Tinh
toan tr cong thue 13 va 14.

. Tang trweédng theo dinh ky 5 nam (mslhalném) Tang trwéng binh quan nam (m3/halném)
Ham ZMyiax A (nam) M (m®) AMpiax A (nam) M (m®)
[1] 225 20 268,5 15,1 30 454,3
[2] 21,0 20 268,5 15,4 35 538,2
[3] 21,7 20 268,5 15,2 30 456,4
[4] 21,9 20 268,5 15,2 30 458,1

Phan tich s liéu & bang 6 cho thiy, khi st
dung ham 2 (Phuong phap 2) dé wdc luong va
dy doan ting truong cua ring trong Thong ba
14, thi hai dai lugng ZnNMpyax Va AMyax tuong
tmng 1a 21,0 va 15,4m°/ha/nam. Tudi dat
ZnMpax V& AMyax trong ung la cép tudi 20 va
35 nam. Vi thé, cép tudi 20 1a thoi diém trir
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luong gb cua rung trong Thong ba 14 chuyén
tr giai doan sinh trudng nhanh sang giai doan
sinh truéong cham. Tudi thanh thuc sd lugng
clia rimg trong Thong ba 14 xuat hién ¢ cép
tuéi 35 nam. Tu két qua khao sat ham 2
(Phwong phap 1) cho thiy thoi diém trit luong
gd cua rumg trong Thong ba 14 chuyén tir giai
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doan sinh truéng nhanh sang giai doan sinh
truong cham tai tudi 16 nam, twong ung véi
cAp A = 15 nam (bang 5). Trai lai, néu tinh
lugng tang trudng theo dinh ky 5 nam (bang

ZM va ZnM (m*ha/nam)

6), thi thoi diém nay xuat hién tai cap tudi 20.
No6i chung, hai dai lwugng ZM va ZnM duogc
tinh theo phwong phap 1 va 2 khac nhau rat rd
rét (hinh 2).

25
20
/ T
15 / / —
/

10 /

5

0

5 10 15 20 25 30 35

— ZM (m*ha/nam) — ZM (m*/ha/nim)

Hinh 2. D5 thi biéu dién ting truong thuong xuyén hang nim (ZM) va binh quan
theo dinh ky 5 ndm (ZnM) cua ring trong Thong ba 1a. Udc luong va du doan tir ham 2 (Korf).
Gia tri ZnM duoc tinh toan tir cong thic 13

3.3. Thao luan

Rimg trong Thong ba 14 tir tudi 5 - 30 ndm nam
trong giai doan non dén giai doan dau cua tudi
trung nién. Theo quy ludt, qua trinh sinh trudng
clia rimg trong Thong ba 14 trong giai doan nay
dang chuyén tir giai doan ting trudong cham
sang giai doan tang truong nhanh. Pudng cong
ting trudng trit lwong gb trong giai doan nay co
dang dudng cong Sigmoid. V& 1y thuyét, cac
ham tang trudéng thuc nghiém dugc chon phai
thoa man 3 diéu kién: £ (Y) = 0 khi A = 0; 1
tiém can tai Ymax va 2 diém udn. Diém udn thi
1 twong ung voi giai doan sinh trudng cham
chuyén sang giai doan sinh truéng nhanh (Giai
doan rimg non chuyén sang giai doan rimg
trung nién). Piém udn tht 2 tuong Gng véi giai
doan sinh truong nhanh chuyén sang giai doan
sinh truong cham (Giai doan rirng trung nién
chuyén sang giai doan rimg thanh thuc). Pudng
cong tang truéng cua 4 ham Gompertz, Korf,
Chapman - Richards va Kumaraswamy ¢ giai
doan dau déu c6 dang duong cong Sigmoid. Vi

thé, nghién ctru nay chon 4 ham nay dé mo ta
qua trinh sinh truéng trit lugng gd cla rung
trong Thong ba 14 trong giai doan tir cip tudi
5 - 30 nam.

D¢ chinh xac cua udc luong va dy doan ting
truong cua cdy gd va quan thu phu thudc vao
cac ham du tuyén ([1], [2], [4], [5]). Noi cach
khéc, néu st dung cac ham dy tuyén khac nhau,
thi két qua udc luong va du doan ting truong
ctia cdy g va quan thu 1a khac nhau. Theo quan
diém thuc hanh, cic nha 1am hoc va diéu tra
rung thuong chon ham ting trudng thich hop
dya theo tiéu chuan SSEmin va SEEwmi, (Korf,
1939; Nguyén Vin Thém et al., 2021; Nguyén
Thanh Tuan et al., 2025). Nhitng phan tich hoi
quy va tuong quan cho thidy ham Korf (1929)
mo ta tét ting truong trir luong gd cia ring
trong Thong ba 14 trong giai doan tir tudi 5 - 30
nim. Cac tham sé cua ham Korf (1929) duoc
xac dinh bang hdi quy va tuong quan phi tuyén
tinh. Két qua khao sat ham Korf cho thay ting
truong trir lwong gd hang nim 16n nhét (ZMpay)
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va binh quan nidm 16n nhit (AMy,y) cta ring
trong Thong ba 14 trong giai doan tir cap tudi
5 - 30 nam tuwong ung la 229 va 16,8
m*/ha/nam. Tudi dat ZMwmax VA AMpuax tuong
tmg 13 16 va 35 nim. Vi thé, tudi 16 1a thoi
diém trir luong gd cua rimg trong Thong ba 1a
chuyén tir giai doan sinh truéng nhanh sang giai
doan sinh truong cham. Tudi thanh thuc s
luong cta rimg trong Thong ba 14 14 35 nam.
Kinh doanh rung thuong dugc thuc hién theo
cap tudi (Nguyén Van Thém, Pham Minh Toai,
2024). Vi thé, dic diém ting trudng cia ring
Thong ba 14 dugc wéc lugng va du doéan theo
cdp tudi. Trong nghién cru ndy, ring trong
Thong ba 14 dugc phén chia theo cap A v6i mdi
cap 5 nam (Cuong et al., 2025). Nhiing tinh toan
cho thiy dic diém ting truong cua ring Thong
ba 14 khong chi khac nhau do stir dung ham tang
truong khac nhau, ma con do phuong phap xur
1y s6 liéu khac nhau. Vi thé, dé nhan duogc két
qua théng nhét, nghién ctru nay dé xuét chi sir
dung ham Korf dé phéan tich dic diém sinh
truong trir luong gd ciia rimg trong Thong ba 14
trong giai doan tir cip tudi 5 - 30 nam.

IV. KET LUAN
Rumng trong Thong ba 14 trong giai doan tir cap
tudi 5 - 30 ndm dang & giai doan tudi non dén

trung nién. Puong cong tang truong trir luong
gd cua rimg trong Thong ba 14 trong giai doan
nay ¢ dang dudng cong Sigmoid. Vi thé, ting
truong cua rimg trong Thong ba 14 trong giai
doan tur cép tudi 5 - 30 nam da duoc mo ta béng
4 ham: Gompertz (1825), Korf (1929),
Chapman - Richards (1959) va Kumaraswamy
(1980). Theo tiéu chuin “Téng sai léch binh
phuong nho nhét = SSEwmin”, ham Korf 1a ham
thich hop dé mé td qua trinh sinh trudng trit
lugng gd cua rimg trong Thong ba 14 trong giai
doan tir cAp tudi 5 - 30 ndm. Néu sir dung 4 ham
Gompertz (1825), Korf (1929), Chapman -
Richards (1959) va Kumaraswamy (1980) dé
mo ta qua trinh sinh trudng trit luong gb cua
ring trong Thong ba 14 trong giai doan tir cap
tudi 5 - 30 nam, thi két qua nhan dugc la khac
nhau. Két qua bao cdo dic tinh sinh trudng trir
luong gd cua ring trong Thong ba 1a phy thude
vao phuong phép xir 1y sb liéu. Pé nhan dugc
két qua thong nhit, nghién ctru nay dé xuét chi
sir dung ham Korf dé phén tich dic diém sinh
truong trit lugng gd cua rimg trong Thong ba 14
trong giai doan tur tudi 5 - 30 nam. Mat khac,
trong thyc hanh, dic diém sinh truong va tudi
thanh thuc s6 lugng ciia rimg trong Thong ba 14
dugc xac dinh theo phuong phéap phan tich ting
truong binh quan theo dinh ky 5 nam.
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