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Effects of irrigation with paper mill effluent on growth and nutrient status of
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Abstract: The pulp and paper industry is a very large consumer of fresh water, and almost all the input reappears as
effluent requiring treatment and disposal. As poplar can recycle organic residues from wastewater due to its high water and
nutrient use, paper mill effluent ( PME ) could serve as a source of water and nutrients for poplar plantations.
Consequently, irrigating poplar plantations with PME will reduce the need for other inputs of irrigation and fertilization.
However, some elements (e.g. Na) which commonly occur in PME also represent a potential risk to poplar growth, since
they have only moderate tolerance to salinity. Improper irrigation can result in toxicities and nutrient imbalance in plants.
We hypothesized that diluting PME with pure water to a suitable concentration could avoid negative effects and would have
better irrigation and fertilization value. In this study, a pot experiment was conducted from June to September in 2009 to
investigate the effect of irrigation with different dilutions of PME on (1) the growth and nutrient status of one-year-old

triploid Populus tomeniosa seedlings and (2) soil chemical properties. The experiment included five PME irrigation
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treatments which diluted the concentration of PME to 12.5% (1F7Q), 16.7% (1F5Q), 25% (1¥F30Q), 33.3% (1F2Q)
and 50% (1F1Q), respectively. A control pure water irrigation treatment ( CK) was also included. At the end of the
experiment, height, ground-level diameter, and biomass of the seedlings in all treatments were measured as indicators of
plant growth,total N and P of stems, leaves, and roots were analyzed to indicate plant nutrient status, and soil chemical
properties (pH, organic matter, total N, available N and P) were also measured. PME irrigation had no significant effect
on the pH and available P content of the soil (P>0.05), but percentages of organic matter, total N, and available N
increased significantly with increasing concentration of PME ( P<0. 05). With appropriate dilution, PME irrigation
significantly increased the N content in roots and leaves and the P content in stems ( P<0.05), but had no significant
influence on the P content in leaves and roots and the N content in stems (P>0.05). The growth of P. tomentosa seedlings
increased markedly when the concentration of PME increased from 12.5% (1F7Q) to 16.7% (1F5Q), but when the
concentration continued to increase (1F3Q, 1¥2Q, 1F1Q), increments in ground-level diameter and height decreased
gradually. Relative to the CK treatment, the increment of ground-level diameter and height of P. tomentosa seedlings
following only the 1F5Q treatment were significantly higher (102% and 47% respectively, P<0.05). Biomass of P.
tomentosa seedlings in the 1F5Q and 1F3Q treatments reached 247 and 230 g, respectively, which were significantly higher
than the CK treatment (19.3% and 11.1% , P<0.05). However, no significant difference was detected between the other
PME treatments and CK (P>0.05). In conclusion, PME irrigation promoted the growth of P. tomentosa seedlings, and
increased plant nutrient status and soil fertility. When the dilution concentration of PME was appropriate, the growth of P.
tomentosa seedlings was significantly improved by PME irrigation. Consequently, our findings suggest that PME can be used
to irrigate P. tomentosa seedlings, but it should be diluted to an appropriate concentration. From our results, it is
recommended that the dilution concentration of PME should be 16% —25% , and trials are needed to validate these

conclusions under field conditions.

Key Words: paper mill effluent; irrigation; triploid Populus tomentosa; seedling; plant nutrients
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HE,
1 MBEFZE
1.1 55 ML

WA T IR ) E (36°58'N, 116°14'E ) RARASEHE A BRA Bl — S8 W, %1 XF X4k 27
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13.2°C , 44F H M8 S % 2651.9 h, JCRE 204 d,
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WFFEE I 1 4E 4 =A% AT Pk ot 2 B301((P. tomentosa XP. bolleana) XP. tomentosa) ) HBEH J ik 1
PR, X HAE 1. 46 em, FHE 1.2 m, HHKEART 2009 44 A 2 HRBFRFEIMBIES (35( 1T48) x
40( &) em) W REAL 1R, FRR R LD AR SRR SRR A B R 5 I O P i) S s 7 i ke,
FEPER LR 1, R3S LG, (T /K G

RIS ALEHL A0 1F7Q  1F5Q \1F3Q  1F2Q  1F1Q(aFbQ F/REK F 57K Q LN a:b) Bl
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Table 1 Physical and chemical properties of tested soil

W e A AL g Bl A Uy LA
Wk KPR RRRL _ . ) . .
. . . JoT b Bulk pH {H Organic Total Alkali Rapidly Rapidly
Sand Silt Clay . . . .
% /% /% Texture density pH value matter nitrogen  hydrolysable N available P available K
/(g/em®) /% /% /(mg/kg) /(mg/kg) /(mg/kg)
43.94  56.06 0.0l i 1.499 8.57 1.8 0.06 15.73 4.56 52.91
s S [ A
F2 REEAEREKSEFKREEKRIER
Table 2 Characteristics of paper mill effluent and pure water used for experiment
e e . - AW
% WER  BAA " BB ERRE o
B3 Electrical pH 1H Nitrate Ammonium e Total Chemical " E
. . . K Total nitrogen Biological
Source conductivity pH value nitrogen nitrogen /(mg/L) phosphorus  oxygen demand d J
/(mS/cm) /(mg/L)  /(mg/L) me /(mg/L)  /(mgr)  TYEen ceman
/(mg/L)
[
E'E%7_k 1.9 8.7 12.90 76.20 47.00 0.26 726 152
Paper mill effluent
77K Pure water 2.3 8.6 0.23 0.09 1.08 0.06 11 0

s IR AR A T A LA JSURE A 3 o Bk

TG IBIA] | 25 4 BER FARTRIRE /K 75 12 BV [ TR) B ) 193 (15 d) 9, DA 2009 426 H 9 HZE 9 H 4 H AL
W7 WK, AT REGK A AR 2 2 R AR H S SARE A 0L BRAEA THEE , AR F A 36 0 X =R IR
Wt ARZE B FEK BIBFIT 45 5, 0 A A BB UK E B 4 L,

1.3 WEmH Sk
1.3.1 fEMRAK

2009 4F 10 H iy, X 2500 a0 B W AR B 1 R AR R AT A, I AR A5 AL B BE ML BE 3 R T R EAT IR
B WORITHE M A 25 AR RAE . AT T 5250 % Ve T, SE7ETE IR T 4R 105 C 2% 30 min, 2R /5
270 CHTREERFNE YR,

1.3.2 fHMRF =
VRS R R S R WL 07, FH N P RS I T A v A T 0 A SRR o B LG 8 R AR B b e o
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FE L IRBENLIERE 3 REAS T ARAE AL R A DU 4 B AT R IORE . AR 1] 5256 % T 5 2 i, T pH
TH(PHS-3C, il i FRHE A BRA F, i, v ) D0 48 pH (B, 3556 TR 40 s o AV I 0 s A AL TG 35 o
FLICE ZA I E 4 N &, B2 IR e Bl N & i, SRR Lb (0 1 D0 Ak P & i
1.4 ik

K SPSS 13. 0 A XHR I AR HEAT One-way ANOVA S04, 240 PR H] 24 53 2 | JH Duncan ¥:7E 0. 05 5
0.01 /KF T2 E b, R Excel 2007 3k {17 R 24l
2 ZEREHH
2.1 R[RIH R L 40K K6 B A K B 5%
2.1.1 e iR

RIS E], AN RSB A AR | i K R 22 R 3 (P<0.05) (K 3) o £ /K HE B AL Y i A2 A
KEE T CK(EAUH 1F5Q A28 % /K, Hih e A K &G 10,5 mm, 8 CK B EHH#E 102% (P< 0.05)
B A R R K R A IR 1 S AR AR, U5 1FSQ A K de b, HEd m A K ik 97,3 om, 8 CK R 5
47% (P<0.05) ; HEE/KHEMAL IS CK o & 225 (P>0.05) o MeAbh, X T 25 K HEME AL B, 45 7K LE A5 JA
12.5% (1F7Q) B4 16.7% (1F5Q) I, B A AR A K BRI , {8 24 P K H 4k S Kt | i s Az
AR HB RN,

F3 EREKERMNEEHERNZM

Table 3 Effects of irrigation with pulp mill effluent on growth of Populus tomentosa

Kb MK E/mm MK E/em /g
Treatment Basal diameter increment Seedling height increment Biomass
CK 5.2x1.8b 65.8+9.7 b 207+13.7 ¢
1F7Q 5.6x1.1b 60.1+13.4 b 196+9.0 ¢
1F5Q 10.5+1.6 a 97.3+11.6 a 247+19.3 a
1F3Q 7.7+1.7ab 80.4+12.7 ab 230+5.4 b
1¥2Q 6.4+1.3 b 68.9+13.6 b 225+14.4 be
1F1Q 5.8£2.0 b 66.7+13.1 b 220+12.3 be

R Y by 25 Ak B A B AR AE DB I (B ) 5 [ B F R R NG TR IR 2252 .35 (P< 0.05) , K58 J7 58 Duncan #:5

2.1.2 4EWa

AR PR (47 B A Y R 2 5 B (P<0.05) (£ 3) . Hodr  1F5Q F1 1F3Q Y S A &5 5l ik 5] 247
1230 g, % CK 4351 W10 19. 1% F110. 6% (P<0.05) , HEEKHEMA R SA YRS CK ] T i 2
5 (P>0.05), HIEKILFIM 12.5% (1F7Q) B INF] 16. 7% (1F5Q) B, & A7 B Wik i s mn, {H 24 %
K H Bk SE RG], A P H B BN
2.2 XA R R
2.2.1 pHIH

N3 4 PR, 23 400% K HEE S 19 13 pH {H7E 8. 71—8. 81 Z A28 4k, W 5 T CK., H 3% 48 B /K i e o+
E pH (A5 IR A K F 8 K- (P>0.05) , vl WL, 2 301 /K EIEAS 255 e -+ HERR AR A9 2 & 201k
2.2.2 AR EE

W 4 PR, 1 4R /K HEE X AT AL & s i 2 W5 E IR K rp K E 9 A 388 D, 8 ML A
i ETHE, B TRK AR 1F7Q 5 CK A TE B E EHIN(P>0.05) , HA R /K HEEAL 1) 1 5
MRS B ERE T CK, 58 1.35% —1.45% 318K 23.9% —33.0% (P<0.05) . A7) 5 7K HE 8% b 3 8] /Y
THEAPR S RO E2ER(P>0.05)
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R4 EREKERN TIELF MR

Table 4 Effects of irrigation with paper mill effluent on the chemical properties of soil

Aib B pH & HHLE/ % 4 N/% B N/ (mg/kg) WAL P/ (mg/kg)
Treatment pH value Organic matter Total nitrogen Available nitrogen Available phosphorus
CK 8.64+0.05a 1.09+0.04 b 0.067+0.007 C 31.33+6.02 b 4.30+0.12 a
1F7Q 8.71+0.05 a 1.22+0.10 ab 0.105+0.011 B 47.96+2.99 a 4.60+0.25 a
1F5Q 8.77+0.06 a 1.35+0.04 a 0.129+0.009 AB 53.07+3.86 a 5.32+0.38 a
1F3Q 8.79+0.03 a 1.39+0.02 a 0.138+0.008 A 54.3422.41 a 4.51+0.23 a
1F2Q 8.78+0.02a 1.44+0.09 a 0.144+0.009 A 53.07+3.56 a 4.68+0.32 a
1F1Q 8.81+0.05a 1.45+0.07 a 0.148+0.007 A 57.21%5.76 a 4.37+0.13 a

BN A TR M E AR EDR (FRUERR) 5 AF T AR/NS FIR'S TR 3R 2257 B3 (P< 0.05) IR 23 (P< 0.01) , f30Jr s

Duncan #5;

2.2.3 N&im

Wk 4 FroR  EKBEBEXT HHEA N S im 3, FE K T K LGl , 1584 N & g+
L85 0.105% —0. 148% , 88 CK #2 i E 2 56. 7% —129.9% (P<0.01) . 45K HEME AL BRE]  1F7Q (9 +
e NEGEYS 1F5Q TR &2, BB EMT 1F3Q 1F2Q F1 1F1Q (P<0.01) ;1M 1F5Q  1F3Q 1F2Q F1
1F1Q Z 8] IG5 25, ttal DL, Y3k il K & Bk ) — E R E T, K e B il 4k 2 T 3 O AS R
e HEA N F gk B E R,

AR N R A 5 AR K HE MR AR IR IR R B KO (R 4) o KM AL B Y - HERR A N s
47.96—57.21 mg/kg, B CK B FHEE 53. 1% —82.6% (P<0.05) ., AbPH[E]JC i & 2 5 (P>0.05) , H 35
fife N P AR R I B AR K K LG P P g T T N R A, T L S - AR N S AN R R
IKHEW A EEER,

2.2.4 PoH

W 4 PR, & AUR K BEBEXT R P S i AN B, K S AL P S AE 4. 60—
5.32 mg/kg Z[A], 5 CK 2257 R B (P>0.05) , HAN, X F 4R KHEREAL E, + 383050 P& it oA ) BB
R Hh B2 7K H 18] B4 P v T 2 T I e 34
2.3 XPHERRIRST IR
2.3.1 N&&

mE 1 R EARAOK AT B A2E N SRR E R m  HEE R et AR N Fat, YKk
IKHCAIALE 16. 7% —33. 3% Z [a] i} (BJ 1F5Q  1F3Q (1F2Q) , JE /K HEMREN B F I m BB N &8 (P<
0.01) ;H YR /K LU GIATE ML RIS (BP 1F7Q 1F1Q) |, JE/K XS I N & i A48 S/ AN 1 3 (P<0.05)
A% TR K T b B R | BT T K B K HL Y T I N S S B NS R R AR A A, Herh YR K L
B4 16. 7% BF (1F5Q) AERRH N &, 15 2.47% 5 CK M i F 4 14.7% (P<0.01) . Mt el W iE N
TR SHEBAKP R K EEARIERXR, 50N SRR, N i 405 K B %) i [ JC HLAE r] A
Hrp 1F5Q 1F2Q F1 1F1Q IR N S50 95550 1.19% 1.25% F11.19% , % CK 23 3B 11.3% 17.0%
F11.8% (P<0.05) ;{H 1F7Q F1 1F3Q M| 5 CK J& i3 2% 5 (P>0.05) .

ZE b AN E A A E (B D) AR N S (£ 4) nT LUE 1, FR BEREIE K % K E i)
FIIEIN, 1358 N ZACEAT B K ka3 (HIF AR R S N RAHROR,

2.3.1 P&&E

e 2 frs, 5 CK AR L, K EEEXT B AR P & i e o 250, H 45 R 7K IR AL B R] 1) 22 AN
B (P>0.05) , (A2, &M E A0S P SR ZEF BE (P<0.05), Hri 1F5Q il 1F2Q 925 P & &
90.076% F10.069% , %5 CK 7351 5. 35 555 44. 9% 1 31. 6% (P<0.05) ; 1M Ho e SR /K HEME AL 3 5 CK A L )
TR (P>0.05)
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Fig.1 Nitrogen content in different organs of P. tomentosa under different treatments
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Fig.2 Phosphorus content in different organs of P. fomentosa under different treatments
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