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Effects of microenvironmental factors on rooting of Juniperus scopulorum cuttings
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Abstract

Aims Microenvironmental factors such as relative humidity, temperature and light intensity have significant ef-
fects on rooting. Our objective was to study the impact of microenvironmental factors on rooting of cuttings of
Juniperus scopulorum (Rocky Mountain juniper), a native of western North America.

Methods We used the softwood of eight-year-old J. scopulorum in a split plot experiment with five plots in river
sand and peat substrates and two subplots in each plot with different cutting densities of 400 cuttings'm > (thin)
and 1 666 cuttings'm ~ (dense). Data were analyzed using SPSS software.

Important findings The rooting site, rate of callus-formation, rooting percentage, survival rate after training,
root effect index (REI), rooting dispersion index (RDI) and fractal feature of J. scopulorum cuttings in the two
densities were significantly different. Analysis of rooting percentage, survival rate after training, REI and RDI in-
dicated that the integrated effect in dense cuttings was better than thin cuttings. The rooting ability of thin density
cuttings was worse, but degree of rooting dispersion was higher. The average rooting fractal dimension of dense
cuttings was significantly 1.24 times higher than of thin cuttings, and dense cuttings had changed rooting position
and mechanism. Cuttings often produced induced roots in dense cuttings and primordial roots in thin cuttings.
Different cutting densities resulted in significant different microenvironments of cuttings, whereas the regulating
effect of different media in same density on microenvironment was limited. The microenvironmental humidity of
dense cuttings was higher (up to 83.5%), while temperature and photosynthetically active radiation (PAR) were
lower, leading to higher net photosynthetic rate (P,) and lower transpiration rate (7;). Within 60 days after inser-
tion, P, of cuttings in both dense and thin cuttings were rising, and the difference between them increased quickly
with time. After 60 days, both were declining, and the difference between them remained relatively constant.
Transpiration rate of dense cuttings remained relatively unchanged from 0 to 30 days, while 7, in thin
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cuttings displayed a rapid increase during the same periods. Transpiration rate of dense cuttings rose sharply in

30-60 days and peaked on the 60th day, but it was still lower than in thin cuttings. These results implied that the
effect of microenvironmental factors on rooting of J. scopulorum cuttings was achieved by influencing physio-
logical indexes and that disparity of nutriment status in the two cutting densities was a major cause of differences

in the rooting mechanism.

Key words dense cutting, fractal feature, Juniperus scopulorum, rooting effect, rooting mechanism, thin cutting
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B AL B A RRES (A -
Fig. 1 Average rooting status in dense cutting treatment (in-
duced root).

B2 Afli A B RS (R, K2 iR A 2k
ALY,

Fig. 2 Average rooting status in thin cutting treatment (pri-
mordial root, the majority of cuttings produced calli only).
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Table 1 Callus percentage, rooting percentage, survival rate after training, root effect index and rooting dispersion index of Juni-

perus scopulorum cuttings in two densities

2 LN bisil IS AR AR RABCRIEEL AL

Media type Treatment Callus Rooting Survival rate after ~ Root effect index Rooting dispersion
percentage (%) percentage (%) training (%) index

b 4 Dense cutting 96.1° 75.6° 75.0° 9.002 4° 0.858°

Riversand  re Thin cutting 91.2° 53.6° 49.8" 5.788 8" 1.266°

R %4 Dense cutting 95.3" 73.3" 72.1° 8.994 3% 0.820°

Peat 4 Thin cutting 90.1° 55.7° 54.0° 5.846 2" 1.105

R T B AR B 2 57 5 (p < 0.03).

Treatments labeled with different letters mean significant difference at 0.05 level.

R2 PR LTV L A RRE R 2 TR Al LA

Table 2 Comparison of rooting fractal feature of Juniperus scopulorum cuttings in two densities

M IX 2 %4 Dense cutting

Fitdi Thin cutting

Serial number of subarea

EVEpFE TG4 EV =y Vag |2
Regression equation Fractal dimension Regression equation Fractal dimension

1 d=10.00003 (Lp + 590.1)"%% 1.598 9 d=10.00055 (Lp + 800.5)" 1 1.103 8
2 d=0.00003 (Lp + 790.1)"%%* 1.553 4 d=0.00055 (Lp + 800.5)"'2%* 1.123 8
3 d=0.00003 (Lp + 385.9)"4¢° 1.646 9 d=0.00055 (Lp + 865.3)"'"! 1.1151
4 d=0.00003 (Lp + 350.0)"7>% 1.730 8 d=0.00055 (Lp + 865.3)"115* 1.115 4
5 d=0.00005 (Lp + 205.1)"°1° 1.701 0 d=0.00055 (Lp + 1196.2)" " 1.075 4
6 d=0.00004 (Lp + 605.4)"6238 1.623 8 d=0.00003 (Lp + 523.4)!%*3 1.5423
7 d=0.00003 (Lp + 405.4)" 7% 1.7135 d=10.00003 (Lp + 654.8)" 3! 1.5211
8 d=0.00003 (Lp + 405.4)" 43 1.6393 d=0.00012 (Lp + 1539.8)" ! 1.2412
9 d=0.00003 (Lp + 234.4)"" 1.701 1 d=0.00004 (Lp +283.2)"7" 1.7512
10 d=0.00005 (Lp + 359.8)"654 1.654 8 d=0.00010 (Lp + 100.5)"73 1.7358
FHJ{H Mean 1.656 4* 1.332 5

a. bRIRALHRF ZE FAR R E (p < 0.01).
a, b means very significant difference between treatments (p < 0.01).
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Table 4 Variance analysis on microenvironmental relative humidity of Juniperus scopulorum cuttings in different media
A A A F{H F value

Source of variation af 6A16H—7A15H 7H16H-8H15H 8H16H-9H15H
June 16 to July 15 (n = 30) July 16 to Aug. 15 (n=31) Aug. 16 to Sept. 15 (n = 31)

08:00 12:00 16:00 08:00 12:00 16:00 08:00 12:00 16:00

JEJR %3 Dense cutting 1 13564 37547 22456 16687 16789  1.1000 1.1612 29574 2.7547
Media  gerfi Thin cutting 1 13852 4.8380° 24833 19683 20079  1.1001 1.1940 4.0738 3.3988
* p<0.05.
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Fig.3 Changes of net photosynthetic rate (P,) and transpiration rate (7;) of cuttings in two density treatments (mean + SD, n = 6).

W ERRESFHEMNA T B . AFFFEEET
AR R () 22 5, R T Ll A A AR AR 1 21
ZUERIEAR, AR S — T E
WP AR CGHEM); I3 — A2 L Eadid 1
RSB 43K 2 1A AE S, BRI AT R S B (JRIEAR),
JLRR JFO R 5 1 25 B 2 R v 4 1) 7 24004k e AR
WU R AR AL 31 A 2 0 JlROEAR (1B2), 7R
FESI A IS, 1AL B R T I K IR A 4141
(Ef248 mm), (HEATEHAR R, B4R 146
R4 R A SRR, HatAREm T
A5 mmo

T2 R 3 A D B[] P, A [) 2 Ak 8 47 At
TR BT A7 AE 23 22 57 (p < 0.05)0 BT XK IER
(Pinus taeda) AR SR B, HEEK S Hhia
B A WA KO I EANK T AE AR (Lebude et al.,
2004) . AR A AR 2 HT e B K o a2
(), BEAAL BN R AR R B REAR 5 (B¢ ey 1] s
83.5%), M e eI T x9N &M 97 1h K 4y i
FER, BT LA AL BT 8 RS2 20 1R K 43 o I A 5
PR TRIAA . 30 A B ) A AR R, R

FEAC OIS T LBGE R K AR o Hd AR R
(T AT 5 A FL =4, A4 A AR ZE AR AT,
T 7K o0 R 2R B AR B RS AR B T,
SEE A E A RIM R IA R 1 (Brinker et al.,
2004), JoaAEHEHEESS, Pkt PR Es
i A (Gay & Loach, 1977; Svenson & Davies, 1989).
AWFFT PR30 K (6.15-7.15) F Bl AL T A ZE AR 25,
R S AL PR [ PAR B KA A 145.6 pmol-m s,
ARG AL B () ©34384.7 pmolm s ey S5
TR A AR BRI 41 2%, T 3 3502 AR 0 A1
(Grange & Loach, 1985); [A]m0ta S8,
TR 5 AR K R ZE 88K, B T AR 28
i 55 JiF (Grange & Loach, 1983), 7EFT4@E#IME T
FERR I K AT RS o JE TR0y B & SO /KBS
PESF A AR BAT € (e 211 H] (Bilderback &
Lorscheider, 1995), V0557 & S ARHIZE AR I
OF, M RIEAH B, F850 8 5w Mg AOE B =,
PARREE S5 B A A SO ok i, 2T EATHER
AR R AT W 22 5 (R 1) o MRl AL PR 3L
IRFETI AR L WA R REPEOM b B i, &
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T T 50 LR 1E A I RE 4 RE AR S 1 RH
(F4).

AN AR S5 DR 0 A AR AR AR PR R i, ad
S L N AR BRAE AR R ST o A0 A [R] 3%
J A B R A AR K ZE VR RS S AR - EEAT T 33
W, A I AE G B BURE R IRA, A AL BT R e
BRI G F BCT FEA RN T, (K13). 5
L BAAAAE A CoRE A, 7= A 6 TR B0l A5 et Hh 4
Jeak. < 30 'C (FEFMEAE, 2009), B AL IE
U e ak BIIXFE (ORI 4 A (33), P DL 4 b 2
AL FEREAEFF R R I Py (3) o BT AL BE30 K S5
T AVTHCHE N2 T AR AR H 4AR, WRK RE D) 1Y
SRR . B E P, R Htas & e,
Fatdi Ab BE (1) P IRAR, R LSS 7 e NSRRI 97
Iy AR E T PRI AL N AR 2 e,
AL BE R R RER > 78 A2, v DUE RO 24 AR &,
10 A 47 A0 BT IR e B TR 23 AN A2 3 BOA i AR 5 AR
ERMFES 5w Gr, BTUARMEIE R IB IR & o AT
FURIN, Fitdi AL T N INAR 5 NBR 5 5 2 B 77Uk 2%
KA =-0.674 0, p < 0.05), MZEFHMEFL T HK
H R EM N =0.546 9), SFF T EiRMS

AN TR HOR IR B T S F 8 TR0 I 2 et A 3
BAEARHURIAS R 2R . R EpI 0, it d
FEN TR A5 782, el D) 0 BT RRCE 751
PRI, KER T HOE A = I U) D ik . W
UKW, LEMR R IE K AR et b, At
A E 14 in & PR (Svenson et al., 1995). ) 4k H
A A 2 AT 1R s BRL R A A A R B EE (OB UK
-GGRg) A1 7 1 AH 2% 4 & ) (wound  related com-
pounds) 3 [F]/E F 145 R (de Klerk et al., 1999), ‘&A1
VAT SRR R4 U] DR SR, BB ik
JEOBE FIVE By (Haissig, 1984). F77> ST LK A
AW K, Rffib B N XA FERFEE T 1
AN H, NG K EE R R E A, A8
P /NRNT 3 K s o0 R AR B 22, &
FEA L T B 30 B O R ) AR R A
Sz et R, kORI A ALY
FeT IR, M HR G ZNAEAR, FEN R AT
AR 20 i 55 1 B, P AR BE ) k59 (Laukkanen et
al., 1999). T A JTAL 1) 78455 4L ZE R 8] 4 BHL,
BHPY 1 P 50 T A 4l X K o TR, 3 B0 40% 12
7 A T A AL S e A pR T R A RK 43 )
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Erratum of Author

In the June 2011 issue, Chinese Journal of Plant Ecology 35(6): 587-595, the following incorrect name appears on the paper by
Jingyuan Wang et al. (“C : N : P stoichiometric characteristics of four forest types’ dominant tree species in China”): tropi-

cal monsoon forest, the correct name is: tropical seasonal rainforest.
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