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Abstract: [Objective] This paper aims to research the coupling effects of furrow irrigation and nitrogen
fertigation on the growth and stand productivity of high-density and short-rotation triploid Populus
tomentosa S86 pulp plantations, in order to provide scientific theoretical basis for selecting efficient furrow
irrigation-fertilization technology system suitable for the local area. [Method] The plant materials were
triploid P. tomentosa S86 in Gaotang County, Shandong Province of eastern China. A completely random
block experiment design was adopted to monitor three irrigation levels, i.e. irrigation started when the soil
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water potential reached —20 kPa (W1), —33 kPa (W2) and —45 kPa (W3), and four fertigation levels (N1, 120
kg/(ha-year); N2, 190 kg/(ha-year); N3, 260 kg/(ha-year); N4, 0 kg/(ha-year)), and the control treatment was
with no irrigation and no fertigation set (CK). [Result] It took a long time for the fast-growing period of
DBH growth of triploid P. tomentosa S86. The DBH growth of different stand ages in the growing season
conformed to the Logistic function (R* > 0.99), and the difference of furrow irrigation and fertilization
treatments was mainly manifested in June. Nitrogen application in furrow irrigation significantly affected the
DBH increment and relative growth rate of 2-year-old P. tomentosa S86 plantations (P < 0.05), but had no
significant effect on 3—5-year-old P. tomentosa S86 plantations. The coupling measures of water and
fertilizer had a strong promotion effect on the average volume and average productivity of 2—3-year-old
trees, but had no significant promotion effect on 4—5-year-old P. tomentosa S86 plantations. The average
annual productivity of triploid P. tomentosa S86 stands was 19.65—25.31 m*/(ha-year) in four years, among
which, WIN1 had the highest annual productivity, which was significantly higher than CK by 28.41% (P <
0.05). Under the treatment of 5-year-old stand W1N1, the tree growth was optimal, with unit area volume
and average productivity reaching 104.39 m*/ha and 27.42 m*/(ha - year), respectively, which were 28.15%
and 11.74% higher than CK treatment, respectively. [Conclusion] The furrow irrigation and fertilizer
coupling measures have different degrees of improvement on the unit area storage and annual productivity of
2—3-year-old triploid P. tomentosa S86 stand, but have no significant effect on the unit area storage and
annual productivity of 4—5-year-old P. tomentosa S86 plantation. Among them, WINI furrow irrigation and
nitrogen application treatment has the best growth. Under similar climatic and soil conditions, maintaining
sufficient water (irrigation threshold of —20 kPa) and a lower nitrogen application rate (120 kg/(ha - year) is
most conducive to the growth of high-density short-rotation triploid P. tomentosa targeting pulp forests.
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Tab. 1 Fertilization time of different N application treatments

and single N application rate kg/(ha-year)

N AT kR
MK 2 N1 N24 N34 N4, 43 30 29 1204 190, 260, Lovel
. o 0420 05-10 0530 06-19 07-09 07-29
0 kg/(hm*a). i i I 8] A4 4 20H. 5 H
NI 2400 2400 2400 1600 1600  16.00
10H.5H SEO .6 )1}9 H.7A9H.7H29H, N2 38.00 3800 3800 2533 2533 2533
‘i‘ =] —'-IL‘/‘ ﬁ = = S . /. 1
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3 IREY 1.5 £5P0 AS [v i 0 Ak 3 . o it A R A e A
F2 HENKKKEREHX AT
Tab.2 Random block design of water and nitrogen in field experiment
[X 4H Block 7K B ALEE Water and fertilizer treatment
I W3N3 W2N3 CK WIN2 W3N1 W2N4 W2N1 WIN3 W3N2 W3N4  WINI W2N2 WIN4
1T W3N2 WIN3 W3N4  W3NI W3N3 WIN4 WIN2 WINI W2NI W2N4  W2N3 W2N2 CK
il W3N2 CK W3N3  W3N4 W3N1 WIN4 W2N3 W2NI WIN3 WINI  W2N2 W2N4 WIN2
\Y W2N1 W2N2 WIN2  WIN4 WINI W3N4 W3NI W2N3 W2N4 WIN3  W3N2 W3N3 CK
v W2N3 W3N3 WIN2  W2N1 WINI WIN4 W2N2 W2N4 W3N2 CcK W3N1  WIN3 W3N4

1E: W1 W2, W3R LKA E 5 BIE FI-20. =33, —45 kPalf FF4A#EME. T . Notes: W1, W2 and W3 represent that irrigation will start when the
soil water potential reaches —20, —33 and —45 kPa, respectively. The same below.
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Tab.3 Parameters of logistic curve equation of DBH growth under various water and fertilizer treatments

JiFE5 % Equation parameter

£} Year Qb FE Treatment R
4, 4, Xo P
WIN3 2.998 +0.139 6.282 +0.252 5.537+0.214 5.818 £ 1.287 0.995
WIN4 3.006 +0.125 5.884 £ 0.257 5.493 £0.243 5.803 +£1.296 0.993
2017 W3N3 3.041 £0.106 6.215+0.310 5.908 +0.287 4.643 + 0.866 0.997
CK 3.099 +0.083 5.724 +£0.370 6.339 +0.437 4.705 +1.052 0.995
WIN3 6.122 £ 0.056 8.791 + 0.065 5.192+£0.070 6.596 + 0.647 0.998
WIN4 5.876 £ 0.035 8.685 +0.042 5.160 +0.042 6.843 +0.398 0.999
2018 W3N3 5.838 +0.059 8.579 + 0.054 5.207 + 0.064 6.706 + 0.565 0.999
CK 5.247 £ 0.049 7.939 +£0.053 5.136 £ 0.058 6.325+0.474 0.999
WIN3 8.650 +0.065 10.372 +£0.072 5.215+0.121 6.426 +0.985 0.997
WIN4 8.455 +0.055 10.231 £0.057 5.152 £ 0.095 7.170 £ 0.954 0.997
2019 W3N3 8.434 +0.064 10.110 £ 0.050 5.226 +0.103 6.823 +£0.938 0.997
CK 7.751 £ 0.040 9.514 £ 0.043 5.166 + 0.072 6.755 +0.643 0.999
WIN3 10.295 £ 0.025 11.661 £0.025 5.234 +£0.056 7.261 +£0.563 0.999
WIN4 10.173 £ 0.020 11.470 £0.016 5.060 + 0.042 7.614 +£0.463 0.999
2020 W3N3 10.061 £0.018 11.260 £0.012 5.173 £0.039 8.294 +0.485 0.999
CK 9.508 + 0.025 10.811 £0.023 5.154 £ 0.057 8.194 +0.710 0.999
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Tab. 4 Variance analysis of DBH increment from Tab. 5 Analysis of variance of relative growth
2017 to 2020 rate in 4 years
a1 N = A ‘FI‘H‘A a1 N = Ay ‘FI‘H‘A
A Year E#ﬂ%@? . df P i PE A Year E#ﬂ%ﬁi ' df » i Pt
Source of variation Significance Source of variation Significance
[X 2H Block 4 9.273 <0.001 [X 41 Block 4 1.273 0.295
7K Water (W) 2 4.637 0.015 w 2 4.970 0.011
2017 2017
% Nitrogen (N) 3 3.757 0.017 N 3 3.499 0.023
W xN 6 0.375 0.891 W xN 6 0.247 0.958
[X 41 Block 4 1.954 0.118 [X 41 Block 4 11.724 0.000
w 2 0.012 0.988 w 2 0.899 0.414
2018 N 3 0.56 0.644 2018 N 3 1.372 0.264
W xN 6 0.579 0.745 W xN 6 0.956 0.466
[X 21 Block 4 1.873 0.132 [X 2H Block 4 5.490 0.001
w 2 0.279 0.758 w 2 1.119 0.336
2019 N 3 0.039 0.990 2019 N 3 0.284 0.836
W xN 6 0.718 0.637 W xN 6 0.456 0.837
[X #H Block 4 3254 0.020 [X 41 Block 4 7.554 0.000
W 2 0.597 0.555 w 2 0.261 0.771
2020 N 3 1.244 0.305 2020 N 3 1.819 0.158

W x N 6 0.827 0.556 W x N 6 2.223 0.059
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B F T CK AREE, F 2020 EJKIA ] 81.70 ~
104.39 m’/hm?; 2017 4 (1) & P K 28N, M 2018
IR, EFUKE A SRR CK 4
R AR EH 8, H 2 ~5 F4AMARE WINT 4B
NI B R E IR ARRRBOR, £ 2020 FAK TR
IEF] T 104.39 m*/hm?, AL CK #2581 T 27.21%. {5
B 5 AR IS 1 K, W2N2, W3N4 &b B [ #R 2 B FL B
5 CK b3 1 Z (H I ET N o
2.5 KIBBAXMEABEFT NI

Xf 2 ~ 5 B AMMOARTE 12 /N0 HE il A AL 3

A CK AT R &R A BEAE 7 JI AN 4 AP35 A e
J1IAT G430, S5 RN 7 FioR o AN TR Vit A
b 3 ALE 2020 4F A K ZE R MROK & L B 81.46 ~
104.39 m*/hm’, K JEFE G HE X 2 ~ 3 AEAEMRORT33)
B A3 A 72 Sy (e AR B . 2017 4, &0
FE Tt B AL B B B AR 12.51 ~ 18.65 m¥/hm?,
P F1 8 9.29 ~ 1551 m¥/(hm*-a). HA P
R B M ST 3 A R ) B K I AL B WINT & 3

CK, 73 A ¥E s T 49.08% F1 66.95%(P < 0.05). 2018
T, VRV AR FR I T3 B LR N 34.29 ~ 48.43
m’/hm?, P A2 I8 21,78 ~ 29.78 m¥/(hm?-a), H
P B AR E AP A T B KA WINT B35
T CK, 2R E T 41.24% M1 36.73%(P < 0.05)

®T 20172020 FEEERERETN
Tab. 7 Annual volume and productivity in 2017-2020

RV (m* hm ) Volume /(m*-ha™)

PHE 7/ (mP hm e
Average productivity/(m’-ha '-year )

B

(m*hm2a™)

s
Treatment Average gqnual
2017 2018 2019 2020 2017 2018 2019 2020 (rigol?;?t;velg’/' )
WINI  18.65+2.13a  4843+390a 76.97+531a 10439+558a 15.51+1.81a 29.78+1.89a 28.53+2.32a 27.42+1.39a 2531+ 1.36a
WIN2  17.86+2.31abc 45.06 +4.45ab 72.26+7.26a 96.35+8.0la 14.60 + 1.99ab 27.20 +2.31ab 27.20 +3.43a 24.09 +0.86a 23.27 + 1.94ab
WIN3 1820+ 1.09ab  44.67 +2.36abc 70.89 +4.76a 98.96 +6.94a 15.17 +0.92ab 26.47 + 1.58ab 26.21 +2.49a 28.07 +2.24a 23.98 £ 1.72a
WIN4  15.90+2.0labcd 44.14+5.08abc 71.17+9.79a 99.01 £12.97a 12.84 +1.77ab 28.24 +3.14ab 27.03+4.91a 27.24+3.87a 23.84+3.31a
W2N1  17.85+1.93abc 45.55+3.0lab 72.27+3.57a 96.74+4.58a 14.58 + 1.57ab 27.70 + 1.21ab 26.72+ 1.88a 24.47+2.21a 23.37 +1.13ab
W2N2 1351+ 1.94cd  35.94+3.62bc 58.25+5.82a 83.41+8.88a 10.62+1.68ab 22.43+1.88b 22.31+2.34a 25.17+3.15a 20.13 +£2.17bc
W2N3  16.75+2.07abcd 44.66 +4.68abc 73.15+5.16a 102.60 £ 6.62a 13.51 + 1.89ab 27.91 +£2.65ab 28.49 + 1.12a 29.44 + 1.75a 24.84+ 1.61a
W2N4  15.61 +£2.34abcd 41.61+5.66abc 70.21 +9.34a 95.37+13.04a 12.37+ 1.99ab 26.00 + 3.34ab 28.60 +3.82a 25.16 +3.87a 23.03 + 3.18abc
W3N1  17.74+2.57abc  46.04 +4.45ab 72.61 +5.51a 97.89 +5.85a 14.37+2.18ab 28.30 +2.04ab 26.57 + 1.27a 25.27+0.68a 23.63 + 1.37ab
W3N2  14.95+ 1.95abcd 40.47 +4.11abc 67.08 +6.42a 92.48+7.95a 11.87+1.67ab 25.51 £2.17ab 26.61 +2.46a 25.41+ 1.89a 22.35+1.92abc
W3N3  16.27 + 1.95abed 42.18 +3.8labc 66.39+4.11a 89.96+4.282 13.04 + 1.63ab 2592+ 1.87ab 24.21+ 1.59a 23.57+0.69a 21.68 + 1.00abc
W3N4  13.82+2.36bcd 36.22+4.54bc 57.96+5.81a 81.69+6.88a 10.71+1.97ab 22.39+2.26b 21.74+1.90a 23.74 + 1.42a 19.65 £ 1.64c
CK 1251+1.21d  3429+357c 57.52+6.77a 81.46+9.80a  9.29+1.01b 21.78+2.52b 23.23+3.81a 24.54+3.49a 19.71 £2.52¢

W FBIANE NG R R A B ) 22 53 2. 3 (P < 0.05) . Note: different lowercase letters in the same column indicate significant differences between
treatments (P < 0.05).



53

ML FRAIE AW S86 ARIAK AKX VA E K LA £ M 52 75

KBRS G TSN 4 ~ 5 E A bR 1 8 B R -F 1
AP R EHE A B . BAMMKRK 4 FEERE
77715 19.65 ~ 25.31 m*/(hm?a), H 4% 47 )
BN WINT BE 5T CK, 3 E 1 28.41%
(P<0.05). ZEE70HT 2017—2020 SEARA T 155 A
BP0 2 ~ 5 SEAEMORAE WINT Ab 3
TAHEKEM. 752020 FAEKTR, AR SN
AP35 A4 7= 3 43 B 1K #] 104.39 m¥/hm? Fl 27.42
m’/Chm*a), ¥ CK AFE 53 7l i 28.15% A1 11.74%.
3 #®
3.1 HAREKTE

MARAEKZ B S DR SRR R AR
T W PR 2 e P2 ARAE SR A Logistic 2k 75 F2 X% &
H# S86 Mt A K &R B3, X5 e A
M (Betula platyphylla)P*>", B 7R V4E 1 4 1 Fif
IAH DA T — 80 2 FAEMATE 5—6 H & IEHEIE A
i PR K EEREE, AN T8 H, fE
K D, R REE 7. 8 H it ANZE, 78
JE () % N R R Ak B 1) A 1) 2 e 5
Ut B T LE R R B A 4y, KA 2 2O MROR AR K
KR T AUFFEEIRN: /£ R0, HE 0~ 50 cm
(1 = 358 7K 43 0k AR (A 280 TR T AR OR B AR KOIR
A, RIIEREM K B BB, 3 ~ 5 45 AR RO (1 i 42 1
K BRI, VA R INAE 5 AR, VAV it A Ak 2R
257 EERIE 6 H, TR =fEEAMmKRA
1 B 422 2B K 2 K R sE e, 0 L AE R K B 18 A 4
KIS . ZATHA RN AT R R AKE
N TR Ko R ) e S92 SR 1) 3 5 221, i 7R ]
A8 A AR K IR PR S BT R K VR A A T BT gt
A, 2 AF AR PR I I A% 186 o K, I o A 3 186 I A
W BB I, S RUAEAR T EEN 2 m x 3 m, [l
MR A K, AR A B2 T 0K, RO 18] 1 58 4 I R,
R Tk E R AR A KR 7, KRB 1 I8 -
3.2 JKBEFBA AL

7045 SR BRI B & 16 A U = 5k
EAMBZET AKX, B RRE T EEaHT
Ak, TR, BN A E HE I K BB A ML, At 2
TR FENE 2 N R R AR LR 7EA KT
WL, AFRKEMALHETHEABEKHERT
CK AbHH, SRR MR A K It G 52 (1) 185 i 1%
WK, X 5 K E AR AR X B R e AR 7T
g O, it IR B A A AR K R IR AR
MR LT, R T AR T AR A, PROKAE
T A 7] it 20 2 7K PR R R R R AN ], IR
it R vy, AR ABR G o il B A A A A2 T 2 5

Wi =B 114 1A 2B K G it JIE 2 e bR A A= K P 412 2 A
KT v it I 0, bl T M R 35 R R R b 4
+, TRAERE J155, WZEZ W, LG 35 A S B 3 a4
W VAT FH D 2 R R pR s 3 BROIERE PR 483 0 o AN [RJ K
RE S A Ab B (AR AC AR KA L CK AL AN [FI AR
FE s, oA WINT b B2 3F HOR e i, WA 7
AR EM A R A ORI ALK . (HEE
FARES BB IN, K EHE G I WSS, EWE AN it
BIETA 3 ~ 5 4FA4 B W I A5 FAR X A K 2 T8 B
AR, HE A i 2 A8 BAE AR . A
FLR M AR L 5 5 KW, i Z A B I
BHUR S EMNLEFR A, F, Amichev
SRR FLA T AR IS KL P R AR RS X 4 ANk
SR TC I R AR R, IR A AT
PEARAE R E X AR LU Z R L T R
%o B4k, He ZEWIRF ORI 2 ~ 3 SEA B AMMA
ANFE A By B A E 19 g/kg, WA HI W%
SLHL SR TN AR K AR S B E B e . [F R
o, Xi PR RI:0~10cm L ELES/KEKY
W W A= K B A 2801 v B AH D%, 2018 4 bR Hb B R 1
%, FHRZ LR, M ERIEA S A KR
PR AT RE X EWE A M Lo IR Ik, 76 S AR ACIE AT 7K
BACEE 2 FE 5, MK B B 17K 2 R R SR 16 B Y LA K
THEFEHEN R TBRCERBLEMAELK. FH
I, 285G bR o3 S P BE PRI AR B AR AL A, 4 AR AR AR
P I8 B35 BROK ST, 3 I 5 B X6 bRk AR A= K 2L A PR Al
YER, MR B BEROR, ARORAN AR (8] 52 21 ¥ 35 4 5 BE
R, RAAE KB bk /N1, PR, 7R X B8 R 3R Y
ST, HEWE AN I FUEA R B EmRR A K
PR DR 2, 3K B 1 S SRR R it R R R AR B B
¥ 886 N TAMRAKTC I BAEH
3.3 HEKIEBAEXNHAERIA = RN
TEVAREKERE G %M T, 2~ S FAEBAHMK
REVER BRI A= I8 CK A BRI & . 1E
A RSN, S A BRI A ) R AR PR E T
20 ~ 30 m*/Chm*a) ¥ 5 Br 41 45 7K 7, WINT b2 1)
BT T B B AR B RN AR PR B, X D R
TAZSLHI AR AR T & B R VA i E A B B A N L
ARG R 72 0 BT R IE 887, X 5 /N AT, 2 52
FEU TR PRIPVEEAG T (1% R T R i A 8 6 A N
TR (S 4518 — 8 XF WIN1TGA R AL EE
—20 kPa, Jifi Jt' 40 B 120 hm%/a)4b B 54 b #h & 1 1
S86 MRA A 7= Iy i ik A R e 25 3, A i R A
f: TR KT b, ZH X RN 1, iR
TR7KBE 7 221, ARAKIEMR 261 T, LI AR B /K R4
%, #EKJE, BAFT LIE TS, AR ARABYCF]
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Y. AR K BE MR 2% A R R A B, A
JENE 2 (1 /K R A R I AR 2 K i i A
Xt AL FE 5 AR RO, AR A DT
AR, 25 R TR B0 A 7 0 B i RO
T HADEAC AT . — 5 TH AT RE AR BT Ak
R AROR AR A i R 52 B BB S, %R HL AR 0 ~
40 cm L EH AR & BN 0.32 gk, T4b, @GRS
FRECHENLI-TEHLE AL, 70 g/kR) [t A gh ik Ak
KIRME—ZMER. H—H0, miEEHFAE%R
E AT, BB EOR I B . T
G AR I 7R [R —RE AR T, BRAR i A &
R K R L e T A A B . BRI 2 A, AN
P it ot B TGP 28 0 it 260 = P o 2 AN [+, 76— S VT
PN, iR SRR K 2 IEMOE, i &R &
S ARA A 7= AR S R RO

4 % ®

COTE WL 2R = JE D 38 - 264 S 3R 1 =5k &
I+ S86 JJu it R AR, A AR A i 4 A K 4R 221
K& 54 H (4—8 H); A Logistic Bl & 77 F& X1 12
ARKIIA R KB G A e =1
EEEHZTARKE R, (HREB e R R 2R
PR AR, 25 V) VR it L Ak B (1) 22 S 2 BE R BLAE [ K
B A6 A,

(DIEEBAY S86 AUKMIEF L 2 4, ARG
FEOKIER & B T E AR, B A7 TR
CK AbFEAG AN AR 2 (42 v, R I MROR AR K B R
2 1) 1G0T 228 3 O, AR I R AR A A A R A
YRR R Tt I B o VA HE K N8 A 2850 i o5 AR % 114
DB B R 55 HEWEAN I ESE 4~ 5 FAEEAW
)42 RRE 6 A K 0 B AR . HOEE R R 1 22
HAERAAHE,

)% (BRATHE 2 m x 3 m)AE 5 AR 74
ViR R AR SV S E 7k 7 N R R VATTR AR ¥ b il Ee
FEA R T, Hodr WINT &b R (V4 % 4k #E-20 kPa,
it AE AL R 120 hm?/a) 22 KB AL, e e B A T AR B A
B R A R 4 A 15 A F)
104.39 m*/hm?. 29.78 m*/(hm*-a) 1 25.31 m*/(hm?-a),
3 CK 4215 T 27.21%- 36.73%#1 28.41%.

gx b, mE AR E A S86 XK 43 I
SRS, X EE T SRR, 785 AT 338 5% A AH T 1
Hh X AT AN CARARIE IR &, K AR i
27520 kPa E LB {E LA 2 120 kg/(hm®-a) it 4 2,
DLIA B BL 22 %0 78 K 20 R 3R 43 00 H 1, B KPR JE
iy R P AR 438 1R 9 77, 49 B OK IR P R 5 R o A
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