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Sub-irrigation with different container types and sizes for containerized

root growth of Pinus tabuliformis seedlings

TENG Fei, LIU Yong, WANG Yan, HU Jiawei, SUN Qiaoyu, WAN Fangfang, ZHANG Jin

( Key Laboratory for Silviculture and Conservation of Ministry of Education, Beijing Forestry University, Beijing
100083, China)

Abstract: An experiment was conducted to study the effect of sub-irrigation with different container types and
sizes on root morphology and physiological indexes as well as water-use efficiency for containerized Pinus tabu-
liformis seedlings. A nested experimental design with treatments of two sizes of hard plastic containers (3.8
cmx14.0 ecm and 3.8 cm x 14.0 ¢m), two sizes of non-woven fabric containers (4.5 emx10.0 ¢cm and 4.5 emx
15.0 ¢m), and two sizes of black plastic containers (10.0 cmx10.0 ¢cm and 10.0 ¢emx15.0 em) was conducted.
Results showed that different container types were significantly different for various indexes of seedling roots
(P<<0.05) and the influence of root mass quality (P<<0.05). The taproot length of containerized P. tabuliformis
seedlings cultivated in the hard plastic container was 15.56 cm; whereas, the black plastic container was 23.93
cm, which was 1.5 times of the length of the long container. The taproot dry weights for hard plastic containers
(0.15 g) and black plastic containers (0.17 g) were not significantly different (P<<0.05), but both were sig-
nificantly greater (P<<0.05) than the non-woven containers (0.13 g). The proportion of fine roots cultivated by
hard long plastic containers was 71% (length), 52% (surface area), and 29% (volume), respectively. The
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hard plastic containers were significantly higher (P<<0.05) than the other two types of containers for accumu-
lation of root nitrogen, phosphorus, and potassium (NPK). Meanwhile, water consumption of hard plastic con-
tainers was only 391.95 mL per plant. In summary, sub-irrigation with long, hard plastic containers (3.80 cm X
21.00 e¢m), having more developed fine roots that could absorb nutrients, was most conducive for containerized
P. tabuliformis seedlings, and thereby could improve survival. [Ch, 4 fig. 6 tab. 27 ref. ]
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R EEMTEMMRE T, /p5EG 8 tk-EE T AR EMR . EZMAAR L TEMMR, 78 105 CHY
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B, SR/ b 35 1 22 S vk (LSD) X ¥4 i#f 41 2 5 b e, JH Excel 2010 Z3 4],
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23.93 cm, B H A E (R 10.00 em, KAA% R 15.00 cm), oA 2 F 25 25 25700 32 MR K 4%
AR AMKRE . 3 P AR 2R — AR S B 22 5% (P>0.05), 5.00 cm DL R — AR K (V,) ) £
F5.00 em DL E—ZAUAREC (N o REWEA S N EP] BT HAL 2 MRS, U0 730, AN
HH NN, (22 5 8 3% (P<0.05), IR ICLLiAi >R 5k > ikl , RYMARMMEN 112, EFEZE—
PMAREIEA I M7 5 BESARI AR 075, L2 —RMARuE D+ T2, miRaPkR48E N 050, L2
—GMRETL TR T2 —2F,
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®2 BAHRAXBRABMMMERK., —RMREE LT E—RNIREE 00
Table 2 Seedlings taproot length, the number of primary lateral roots and primary lateral roots from the root plug in each of the two root

plug depths in response to container types and sizes

HarEAR e /em F iR /em — AL E % N/ % No% NN,

i 8 fet 14.0 11.88 + 0.47 Bb  20.60 + 4.28 Ab 10.00 + 1.58 Aa 10.80 = 2.86 Ab  0.93 + 0.23 Ba
21.0 19.24 £ 0.76 Ba 26.00 + 3.32 Aa 940 + 1.14 Aa 1680 £2.95 Aa 057 £ 0.11 Bb

JC 45 A 10.0 8.12 +0.16 Ca 18.20 + 2.28 Ab 10.60 = 0.89 Aa 7.80 £ 1.64 Bb 146 + 047 Aa
15.0 12.56 + 0.68 Ca 25.00 + 2.83 Aa 10.60 + 2.97 Aa 1420 + 2.28 Ba  0.77 + 0.27 Ab

ey s 10.0 30.76 = 11.16 Aa  21.40 + 3.65 Aa 740 £ 1.14 Ba 1440 £ 297 Aa  0.52 = 0.08 Ca
15.0 17.10 £ 3.28 Ab  22.20 + 4.09 Aa 720 £ 1.10 Ba  15.20 £ 3.11 Aa  0.48 = 0.05 Ca

VL. N, W EE AR 5.00 em Ak DL EAR R — AR S N, BEHLAR 5.00 em Ak DL AR R — AR S ; NN, S ER E— )
BB HB . R kB 7 B 20 R [F) 28 B 2 0 22 6] 25 5 0 3 (P<<0.05), AR [l /NG 57 R 3 77% [ b 25 2 25 O [ LA =
i) 22 5 2 % (P<<0.05)
T BB} TG 27 A 25w 1) — AN AR B840 0] Lo S B A% 22 13 30% 0 39% , T SR 5 SR 78 A — LM AR % . N, LA
Lo Ny ¥R 52 30 75 4% HUAS 1 5200
22 AEBFB[EBERAENBHNEBEESHRUARIRTBEDENZ T

ZEWEGRE/R(E3): 3MAEREE T B AEYE SRAY) 2P, 68208 AR 05
BRI E 25, HYW R R TIHYM 7 4 (P<0.05) . MMAMRFmE . FZRMARTFE(G) LT E
MIAR T 1 (Go)3 Fhs s R B Z () 1 22 52 .35 (P<<0.05), 52 B R A5 SR > 6 R > o A iy ML A, R
GRS T BT E . F2OR T B . R 2T BT A S R 1.56 £ . 1.50 51 1.67 f%,
TeYifi iy 2.79 % . 2.67 £5F1 3.00 £, M G/GHFTLAFE i, 3 R A& M Z [\ o i % 25 = (P>0.05), L
JEAR TP B B2 29°58 )21 2.00 %

He 3 AR X T REBRL A g ok Ul , KOS A g i A 1 i R R DL AR R ARG, BBk TR
BT ECR L MR B SR Z AR T B ] A A £ 0.24, 0.04, 0.07 A10.05 g, XTI
i s, KA. FRMT ZMAR R E0EHEE R T, mEREEEAEST, K
AR A% W0 FE TR . AR TR s 2, Sk TR R 2 0.64 g,

®3 FRELDFMABNMRSENEURREN SRR
Table 3 Seedling total biomass and root biomass in response to container types and sizes
BREE  FRKE/om $zzgf/ Ii;ff’ Wi;ff’ Clg b Gl(g k™ e
1 9 14.0 1.42 +0.12 Ab 0.13 £ 0.01 Ab 022 £ 0.02Bb 0.15+0.02 Ba 0.06 + 0.01 Bb 2.52 + 0.46 Aa
21.0 1.66 + 0.11 Aa 0.17 £ 0.03 Aa 029 £ 0.03 Ba 0.18 + 0.04 Ba 0.11 + 0.02 Ba 1.62 + 0.66 Ab
T Yifi 10.0 1.05+0.12Bb 0.10 £ 0.01 Bb 0.13 £0.02 Ca 0.10 + 0.02 Ca 0.03 = 0.01 Cb 3.58 + 0.91 Aa
15.0 1.29 +0.17 Ba 0.16 £ 0.02 Ba 0.16 + 0.01 Ca 0.09 + 0.01 Ca 0.07 = 0.01 Ca 1.26 +0.11 Ab
SR AL TR 10.0 1.28 £ 0.09 Ab  0.15 = 0.02 Aa 031 + 0.04 Ab 0.22 + 0.02 Ab  0.09 = 0.02 Ab 2.59 + 0.56 Aa
15.0 1.92 +0.22 Aa 0.18 £ 0.03 Aa 0.48 + 0.05 Aa 0.26 + 0.04 Aa 0.22 = 0.04 Aa 123 + 0.31 Ab

Pl G, NEEHIAR 5.00 em 40 LI EHR R BIAR T Rid; G, B4 5.00 em 4b LI T AR R EGMIAR T B G/G, g R EMART
FAR A AR . AR S 8 3R R [H] 58 25 JE 0 2 ) 26 5 B 3 (P<<0.05), AN [H] /NG - B 3R [ il 25 2 2 AR [] A 2
] 25 5 & 5 (P<<0.05) .

23 AEFBRERABHMRERDK, RRER, RERKLRKE 00

I ZFEHACA R T (R 4) . SRS R @R R SR AR IR Z R 2 5, (A8 H KT
fi 545 (P<<0.05) . MREWAAER ARSI . REWRMRARAEERK, K 616.72 cm, 98.11 cm’
125 em®, SrHIUE TG 454510 3.28, 2.91 F12.60 5, TEWDEL A& AR KBl A K, Ry 1 435.97 em-
g, ARNTYARARN 201 5 X TREER AR QR AR AR UL, RSB e ik TARERK . IR
T AR FIAR AR B A o RIS 10 8 SR 2 48 AL B | R 2 T ARURIVR (AR o3 031 L e B w85 1 2 52%,
46% H1 44% o 1 AR T A0 BEORE AR A 0 R MR E I L AR 3 T AR AR A AR o S B LA 1 50%, 49% A
40% . SR, a8 MUK F B R W JC 25 A 2 A T R AR BS L IR M ARRIAR (AR . 72 3 Fh s fe 28 Y
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Table 4  Seedlings root length, root surface, root volume and SRL in response to container types and sizes

AR AAKE/em A /em R 0 A em? AR em’ AR/ (em-g™)

Tl 99} 14.0 44725 + 91.95 Ab 70.58 + 13.73 Ab 0.89 + 0.16 Ab 1 324.31 + 413.41 Aa
21.0 681.78 + 125.97 Aa 104.46 + 15.11 Aa 1.28 + 0.13 Aa 1 547.63 + 433.79 Aa

ToYi A 10.0 131.36 + 24.53 Ba 24.89 + 5.80 Ba 0.37 + 0.11 Ba 554.83 + 120.91 Ba
15.0 244.94 + 35.38 Ba 42.53 + 496 Ba 0.59 + 0.05 Ba 806.42 + 152.51 Ba

B R 10.0 493.43 + 163.60 Ab 79.81 + 18.80 Ab 1.04 + 0.14 Ab 1 073.90 + 43291 Aa
15.0 740.01 + 133.38 Aa 116.40 = 18.19 Aa 1.46 + 0.19 Aa 1 178.73 + 292.53 Aa

VLI . AR KRS R R8N ) 25 6 8 T 22 0] 22 57 1 35 (P<<0.05), KNIl /NG Sk F2 7 [R) Tl 45 4 28 TR [ BLAR =2 i) 22 e Wb 3%
(P<<0.05).

T, AL BB R AR EEAR A Y R

24 FEERELBRABYHLERESERS BN

241 FEREANHAREZBRITRK, BHREAORAZIHRARG o ZELRS R T A 1,
Bl 2): BiARHRAR B3R E S Rt Rm B BRI L, B 42 900 35 0 249 2 B O So 5 K i/
ARG T AR R BT REESRH L2EREFH(P<0.05), TYMAEMRE 1 1RRDH 4 1295 R
THRA IR /N T HAth 2 Fh AR 2R B, A BRL A PR (B SR A AR AR (51 1 A8+ 50 2 1290 RIF R ZEH
RS, BEERAMRAMMRK Y 402.32 cm, & ERKILHIRK, & 71%, BFS THMRKN 12823 cm
MTCTiAT A A o S ARRAR BRI, 3 FhA S KRR B/ NYR R RiFRm AR G EOR s,
E5 3 AR g i FU B WA vy o B KL e 5 PO 0 B R e A R SR i R ik 2 R T g A A e
SR L 2 0% A AR T o e B R (529% ), BRAT R A 41.41 em?, 11 JC 25 A5 25 4 AR SRS 1 AU

2 ooor MR 600r % i Ai g 000 SRR
3 500 5500 S 500
b ; P
fﬁ 400 fﬁ 400 F i 400
+ 300 + 300 + 300
B 200 B L R 200
W . 200 -
= 100 = 100 F = 100
-~ 4= -~
0 0 L o 0
1 2 3 4 5
AR R 14E 9 2 15 2
—o— i M % —o— K A% —t— ¥ g O

1~573 AR R P12 200 mm<D<0.2mm), ¥2/22(0.2 mm<D<0.5mm), 342 (0.5 mm<D<1.0 mm),
W44 44(1.0 mm<D<<2.0 mm)F1 55429 (D>2.0 mm) .
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Figure 1 Seedlings root length in response to container types and sizes
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1~523 BIAC L 142 200 mm<D<0.2 mm), #24£20(0.2 mm<D<0.5mm), 3/£440.5 mm<D<1.0 mm),
AR Z0(1.0 mm<D<2.0 mm)F1 ZE542 2% (D>2.0 mm) .
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Figure 2 Seedlings root surface in response to container types and sizes



454 TR AN N N = 1 2017 47 6 J1 20 H

1322 em?, HARRSREN 44% ., SRR ZITREM BT RE AL, R R B HARR 8RR 42
et (& 3), BRI RMAR R BIHRRUIT & LG 2 s K, SR AR @R S 2850 3 R R Btk
U AR BRI Lol B K, 400k 37%, 47% . 3 Fh 45 45 2 T A AR R AR R 7 SR B 17%~29% , FL
e, B DRE S AR A AR T o L 5 R (29% ), RATHARH 0368 em®, AR TR (RS gR 1 0.372 em’,
MEY B ERTRYGAELSN 0.118 em®(P<0.05), HIJCZifi 454w 40AR B 7 He B fik, AR 17%.

. oer mgR 061 F 4 Aii Lor
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R 4
—o— f HL 1%

WA Y
—o— KL%

R
—— A
1~5%3 AR E 145 200 mm<D<0.2 mm), %24£4%(0.2 mm<<D<0.5mm), %34 4%(0.5 mm<D<1.0 mm),
AR L(1.0 mm<D<2.0 mm)M %542 %% (D>2.0 mm) .
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Figure 3 Seedlings root volume in response to container types and sizes

242 EHENNGAESZERZITHRK, BAREABRARZITRARG Y m MRRZIKE, LM
PLBARTRE AT DA (B 1~3), 3R AR RBN , SR AGMIL, KB AEGIRHE 7S RAMR A
AR, MR R ZIT KNS, KAMEBRASRSE 1 BRREH S BRI MRS AE S =L 172 4%,
60%, 19%, 1.74 fi5 % 79%, A% ANAR BRITH B I (5 Lol (74% ) 83 v T 08 BA% (67%) 5 K HLA& TC Y5
MARAE | R EE S BB MBS A m i 1.21 £5, 89%, 97%, 20% % 21%., F{a ¥R 45 1)
KA EE 1 BB TS 5 BRI B a8 m h LI12 %, 56%, 26%, 90%F1 69%, A4t it
KA 505.93 em, 3 & FRAS M 313.82 em, MR R B R MM RIHAT 0 2 A A, KM
WA A AR Bt R AN 17.31~50.47 em®, I 355 00 BUAR A0 AR SR 1T 308 LAY 9.13~33.32 em?, [F]H,
KM 4AR BT R AL SR B 46%~54% , S RS BT 5 HL Bl 419%0~50%; 1 HLAS Z8 2 AR R BTk
R 0.15~0.44 cm®, & 35 5 TR HURE 40AR 23 TR FLAY 0.08~0.29 em’,

25 AERD[BEERAKIGHMERDER. B, BRIHEW

251 FARZEBEBVENEANEIS RS E TN T ZEIRESEETAMES): HPRAREE T
FA AR R 5 T Y A 0SB RL R 2% (P<<0.05) 5 sitMR bl B imi o, B 00 2 2 R 2 40 9 ) 25
MBS TG B 25 25 5 (P>0.05) , (¥ B3R FRY M4 (P<0.05), 3 Fiam R AR h e Rl 5 /%K N
—3, MEERIARRK, 41l mg-tkT, BEEE T RYA AR A EUR AR AR (P<<0.05), 5 R A8 O
I TC 25 A 28 45 i 8 29 32% K HUAS 1Y) (0 SRL 28 25 B AR UF T AR A M 2, B RS A 4
52% 5 JC Y5 AR 2R 10 B R 25 2 K A A S KA S8 R AR R R 3G, TC 95 A K R A A T A =

RO FRAXDRMBIHMREARRBEA. B HHFW

Table 5 Contents of N, P, K in the root of Pinus tabulaeformis in response to different container types and sizes

P BA 7 8K fom S/ (mg- ) B/ (mg- ) )
i 21k} 14.0 444 + 047 Aa 0.56 = 0.05 Aa 4.50 = 0.31 Aa
21.0 4.39 + 0.70 Aa 0.56 = 0.10 Aa 3.71 £ 0.48 Ab
T i i 10.0 3.03 £ 0.56 Ba 0.35 £ 0.06 Bb 2.79 £ 0.25 Bb
15.0 3.17 £ 0.50 Ba 0.58 = 0.10 Ba 341 = 0.48 Ba
IR 10.0 2.13 + 0.20 Bb 0.39 + 0.05 Ab 298 + 0.15 Ba
15.0 3.23 + 0.60 Ba 0.69 + 0.07 Aa 3.49 + 1.09 Ba

YL AR KRS F RN AR A A T 2 ) 25 57 3% (P<<0.05), NIEl/NE 568 275 1) T 45 s 28 TR [ B A% =2 1) 2 5 W 3%
(P<<0.05),
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S7%, S I BUHS B (060 mg- k) HL AT BLHS (0.39 mg- k)5 1 7% LML b B8 9L 5 55040 0
KNS 85 22 T2 1 HLRS 2028 AR B0 BT AL 95 1 22% , 3860 0 4608 LS 10725 1L 31 AR 2 60
BHE

252 RREEELAASSRIASRESHAY 0 BIBEANE . B, 8RR B RS

SIRTRTAN (R 6): NEMSRHE T 46 008 S AL R 720 22 53 B (P<0.05) . BEWRY I 25 1 2028 LA T4
KT, B SR B TR R R (P0.05), 3 R A SN 2 B4 16 (L K > R >

JLYifi,

=HZAAAE R F . RN, di3k 6 nTLAFE . BRIGYS A3 1 2R 6 SDRHK BUAR #0035 (IR T

RUAR A, HA R RURS 5 B LA 2 ) JE 2 35 22 5 (P>0.05) .
R6 FRADMEINMMEBEARRBE. B, HRIRESBHFIT
Table 6 N, P and K mass fraction in root of Pinus tabulaeformis in response to different container types and sizes

oS rE s A /om R 53 K % W B % B BT 5 50 %
Tl 93 ) 14.0 1.60 + 0.08 ABa 0.28 + 0.05 Aa 0.74 + 0.04 Ba

21.0 1.35 £ 0.05 ABa 0.32 £ 0.02 Aa 0.73 + 0.04 Ba
T YA 10.0 1.71 £ 0.16 Aa 0.25 + 0.03 Ba 0.75 £ 0.02 Ca

15.0 1.94 + 0.88 Aa 0.17 £ 0.02 Ba 0.62 + 0.03 Cb
S5 YR 10.0 1.52 £ 0.43 Ba 0.22 £ 0.03 Ba 0.93 £+ 0.07 Aa

15.0 1.13 £ 0.08 Ba 0.23 £ 0.09 Ba 0.83 + 0.05 Ab

UL AN RS T BE R R ) 25 45 25 00 22 [R) 22 S5 B 3 (P<<0.05) , AN[Al/NE Bk 32 75 [ b 25 5 28 BUAS ) BLA% 22 (0] 22 5 fd 25

(P<<0.05),

26 AEFB[ERX BB KIS ETRAAENZM

hE 47T IAEN . Br 8 A Jogi i Ml ¥k JC i 500 - OMEWE BEYA @?ﬁﬁ*‘:l
WA, BYRE TR, LA 0 3 M L 00 a T
RABUFE AR R LG 225 (P<0.05) 0 & JIREAKRE - 300 | N
S TR A > M R > BB L. R E L
ZERE, YA AR KRR, K 1 453.02 mL-f, @1w_
S MRIKZ, 96447 mLe bk, TTEEMREEAK R = B B B
B, ALK 39195 mL- b E— ; 5 )
o A
3 it R TR 5 B 2 7% b B ) 22 5 5 % (P<0.05).
WE BRI M F AT R AR E B4 FREEREME R G RIFSAETH
FIIRERR T, FOR T LFUR T HE 0 KR K 4 B 3 KEZF
Figure 4  Effect of different container types on water

SrEIRETT, HET R E BRI . RS WA T
B A AR NS AR T 7 WSOk oo X B R BEA T HEBE
DI, R 2R 10 2 ROAR B0 2 JEG 00 2 0 IO P A T4 o AT
MBTTERN], RO T MRS M TP ER RIS, ERK 23.93 ecm, WIREH ARG K
JE N MRS VA B B TR A AR T BE ) TG 275 A A R DU T AR Gt £ R AR
FAERK, WA MBS RIS . Jogifi Fi i SR 7 a5 B R A MRS I BE T RS B G:, fh NN, [E AT,
Tgifigias b N R — SONARBCRE FA Iy, 1R @R A AR A MR S P AER R TR, TR — B
K EJZ# 2.00 £, WENNY 882001 £ RS 2UBEFEWR, SRA SRR AR BB B A R IEEH .
MARLER %524 % B a8 AR A 4 BE LE A AR 22 2 W] b e AR R B RS, S IRATRODES AL, B
FER B 3 Bl A AR SR B R MR T R B0 AR R — B, B MR TR 8RR R 2.00 £ it
AL, REERRS DRSNSV AT, HERMR TR Rl TR, EEE
PR EHREHE N s PRk ey, fedt TIRERHAE R, (HRORRAEGICERIEE, &l T A E T
TR 3 MAEGMBRT, AHIAS R RS2 TR ERA MR T ERAMAERK, B
FHE RS A48 KB 10.00 em, HER BRI EGE L 1 30.00 em, SRMRHIE, MM A58 A S

consumption of containerized Pinus tabulaeformis

under subirrigation
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3.28, 2.91 71 2.60 {5, f# SRLA AR AR KR BUE L9 N JC 95 A 22 2w (9 2.1 A, 17 468 S0 1 2R 0 B0 2 08 4%
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B, HHE 2 PR AR (0.20 mm<<D<<0.50 mm) 2 AR AR JRFBHESRMET 3 FhAa IR 2 125
WA R, FihRm AR 2R B BRI, BIEESRL AR IR A T R 22 5, HI R
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