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BRI 32 3 A A A Ak L AT S ) 5 B0 %
T YR 2N , AR F R A 2 BB =2 A2 AL, (5
ENIPS PN Zod S0 YN E 8 A LSNPS
HEHEAR

ARSCHAT E ZEMO SR KA BR A 25 R G E 7 v
TS, MRS bR AP RE FE 7 77 305507
TR R LU 2 A2 R PR 2 K U &5 i AR R b JH 32
SRR, LR B o H I KL= A2 Bk
Skl AR I A A

1 MRSk

X ER

ST AN 7 A5 BRAE T b E AR A A R B¢
WF5E M 45 ( CFERN, China Forest Ecology Research
Net) K 1l #f AR AE 25 2 S8 5E AL AT 52 ol (E87°07" ~
87°28" N43°14' ~43°26" , BE b4k 1908 m) . %3
SRS, J8 58 AR ST B 1ER

AW X R T R Bl P A, A SRR O A
5.85x10° J/em® - a, 4EHSIRAN 2 ~3 C, 4N
Uik e i oA 30. 5 °C M I O - 30. 2 °C, 4F
7K1 400 ~ 600 mm, i FEPTE6 ~8 H , ;KT
R A 65 cm, 25 &t 980 ~ 1150 mm , 4E A AH X
J 65% TR 89 d, =10 CAUR 1170.5 C , %X
TP 2 DL R 1 = 42 ( Picea Schrenkiana ) #EHK A
F IR B AR, AR T R 58 60% , AR P EE A T
0.4 ~0.8, KN A HAZ - FIE/NT 3% , i)z
M PR B AR S HE PR 50% 1 bR R Bk

1.1

T By HE K 3B M F ( Cotoneaster melanocarpus
Lodd. ) ./NBE ( Berberis heteropoda Schrenk J% Berberis
nummularia Bge. ) .357% ( Rosa spinosissima L. ) \G5%%
25 ( Spiraea hypericifolia L. ) . J5 ¥ #8 ( Juniperus
pseudosabina Fisch. et Mey. ) | # ¥ JL ( Caragana
leucophloea Pojark. ) | 1. 2& ( Lonicera hispida Pall. ex
Roem. et Schuet. ) 55, Ak T LAY 247 2 I 5
( Geranium rotundifolium L. ) . 3] & B ( Alchemilla
tianschanica Juz. ) . “F 1 7t ( Aegopodium podagraria

L) & WK 368 0 L b B AR f fpk 4

RILBRAAES RGBS
(E87° 07'~87° 28, N43° 14'~43° 26°)

MRRUEREE

The location of study area

1
Fig. 1

1.2 H5RBMRNBHHIEHE
TELEARFF B HEMG, ik T 13 1~ 5 x20
m 35 TR A ORI 37y , 35 T AR A LN 3 1 R O L 1
BT 2504, &2 B 3 AR S U A R BRI
I, 78 SE R A ik B AR i 7 243 R 13 S
AR RIZE R E A, UL T SCEUE 434 77 325

8

F 1 RUBIERPZIRWZ TN HEE AR
Tab.1 General information of runoff observation plots of Picea schrenkiana forest in Tianshan
A fik A B2 WepE/(°) R R/ (em)  AROMFRE/ (K - hm ™2) FHBAR L
Types Canopy density Slope gradient Litter thickness Forest density Vegetation situation
ALK 0.60 18 4.5 600 Py LY
IR0 N 0.60 28 5.2 1215 AZER
SREZN 0.80 18 2.8 1695 22N
A 0.60 17 2.4 1110 PR 2LV N
EERAY N 0.40 35 1.7 525 PR 2LV N
e 0.20 32 0.9 420 PRy Z 1V
VALY TN 0.60 39 0.5 1455 BRCEMN T A D A
RILHE AL 0.95 13 2.4 5745 Py ALK N
(L= P N 0. 60 12.2 2.1 2100 P Z I
[ fRPEE AN T AR 0.75 14.8 2.2 1800 Py 2LV N
HEAHK 0.80 15.5 0.6 2625 BN X
HEAR M 0.60 19.4 0.6 1845 FH/NEE ik
s — 14 — 0 B 36 TR A
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FEXIN 7 4t 22 A K AL il B e 2 TS B
B U LB 1E V6 A R AL TE TR AK S, R
BEOTORHE  BCE AR R A LIRS RHR N A
g B
1.3 HRKERHRESWRFZ

ARMRHLFAKCRAE T 2014 47 ~9 43 Wi )5 iF
A7, AR ORI 7 £ 7K AR N L2 R, B 5 5 25 B2 K
A, PRAE T UOKFE N SR B K A b RAR I o SR 2
I BB, B KA — R AR 400 ml, [R]E,
DAY V5 () B Bl B B AR AR R SR R R K . %
KIE AR, H H AR I 5 KA N /K &
400 ml B}, 5 S A S K, DR UE BT A FE b i) 22 7K
FEA — NG RR BT 7= A B KRR, AR A o L IR
5 WG HEAT 5 IRIAE .

JIA KA TR G 24 h WA /K B A i
MEAFE A R S A S0, 2R E R B A wDK 553
B a AT o Herp, 0 OB EE T A S E A Rk
8000 AI43 5 GEE T, B AN RE S K BT I E H A 3
W, B )25 Tl R 8N H 2 R AR B A R IR E
NEEHE.

SR A R A R R A I /30 )
5, I RARFE N 0 ~30 mg/Lo B SRR KR AR PE i
TRBRER VEAT IS A K T A 19 & Ak & W i Ak Dk il T
SRR IS I K AR 5 % 31 R 3 1 A T i
FRER /30 N A I a8 b, o I et KA P i B A
JRIVE 22 S KR I TR 3 5 R R VR B B B,
FRIRNCEETHE i L€ SR A SR

SR A 28 R A AR I B /12 0 )
HERNO0 ~ 12 mg/L, B 5ok KA IR M i iR
ERIEATIH AR T T A 1 SR R FN A DB 7% 1k ol 1E
WRIRER ; SR JE K TR A J 7 A= 1) IE W R FH K A v J A
) I fl TR 5 EH TR S RN IR I 7R S N, 7 A B S 1
“HHEE” LAY, I E A B 6 1 AR KR Y BB
B SNt AR A f AR, DA 0 2 65 5 e
PRSE R, HF A MR, DR B — A R T
JRNE 22 S KA € T ) VA B R LB, A
RIRCIE T i b S B A5 S
1.4 HIESHHE

G AT, DR S FRY (o b | E AR PR
FARPANTAR) SRS CHBI XN 0. 6,43 Ry 4l i
R S BORA AR ) AR A EE (BRI 1 Sy
AR, 29 0.2.0.4.0.6.0.8) FEHE IR ARILE
NTAR BT A MO B AR E A AR #35
SR I = AR R K R R

AWFFE BT AT I A 4R SPSS17. 0 G it 4%
140 Excel2007 #4750 2 . 87 225341 (one-
way ANOVA) I Z 5 L AL (LSD) , 43 #71 AS [A] bl 2%
T PRI AP BE R & 05 SO0 A2 B R K R
BRI 5 W Pearson AH IG5 7 1518 = 42 #&
MR R R SRR K A B AR
J2 DA K A 3 v U 1 R AR DG, 0 MK 31
$0.05,

2 SERAOHT

2.1 B RKEHSENTMN

LR FEMR AT, B EAHR L KARAMAA T
ARE R SRS R O B > KRR > AL
MR > HEARM ;S S HET A R > JEAKR > AT
R > RIRMR, WL 2, 2805 2253 F 22 B LS RT R0
Hi K H, BRI AR (1% S RURD S B R T
R RERARANA AR, (HHE AR R SRARFN A AR
ZIHZERARE (P <0.05),

O &% (total nitrogen) M & fif(total phosphorus)
1400 4

312,00
£10.00 )
s
2 8.00f
|5} b
£ 6.00T b
(5]
i 400T A
4o 2.00f B B B
0.00 3 —= * — ;
K AR R PNER S

MHBFS Y forest types

GE:EIH/NG TR a b FoR SRS EEF BENE, KETH:
A B FoR B 22 S AT, LUT B 2RiE Ty UM )

E2 AE#MAERKEEMEHSE
Fig.2 The contents of total nitrogen and total phosphorus

in surface water with different forest types

2.2 RAMAMRKERSEMMIRHEN
ZERAEMIR I, KARMI A, BR S i

MR B AZ AR O - S AR (3. 43 £ 1. 08 mg/L) <
PTPPK(5.80 = 1.38 mg/L) < JRAS(6.00 = 2. 48
mg/L) < AR (8.00 £ 3.00 mg/L) , H &M E A
FHEDEFE T (P <0.05) 5 KBS SRR
RS LR N - Sl AR (0. 31 £ 0. 27 mg/L) < I3k
(0. 48 £ 0.30 mg/L) < M (0. 64 = 0. 21
mg/L) < R (0. 66 = 0.41 mg/L) , %5 bRl [A]
ZEFPAR (P <0.05) LI 3,
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O &% (total nitrogen)
12.00

W T (total phosphorus)
a

o
=3
S

5
=3
S

& & content / (mg/L)

EURZIN

Ak

HK¥% stand age

3 AEMERERAPEAMEHEE

Fig.3 The contents of total nitrogen and total phosphorus

I AR JIAAR

in surface water in plots with different stand ages

2.3 RAFBMHMRARHSEEEAEHNTL

ZERFEMIR ST, RAR PR K, B/
AR EE AR R I~ :0.6 >0.2 >0.8 >0.4, H
HAR EE A 0. 6 1) 3R /K BV 5 (8. 00 = 3.00
mg/L) & & THCAIEE A 0. 4 (3 K BA & &
(3.98 £ 1.49 mg/L) (P <0.05) ; Mg m7s ik
A4 .0.6>0.8>0.2 >0. 4, H A AR 4 0.6
A b FE /K B i (0. 66 + 0. 41 mg/L) [AlFE I 35 5
THBEAE 7 0. 4 19 Hb 2 /K BB 5 5 (0.26 £ 0. 12
mg/L) , HABAR A BE (B b i, B/ EZ R AR E
(P<0.05); LI 4,

O H%(total nitrogen) M S #f(total phosphorus)
12.00 ¢ a

10.00
8.00
6.00
4.00
2.00
0.00

& 1 content/ (mg/L)

0.2 0.4 0.6 0.8
il 415 forest canopy density

B4 AEEBHAEFMMBRKDERMEHEE
Fig.4 The contents of total nitrogen and total phosphorus

in surface water in plots with different canopy density

2.4 JHEAXNALMMRKERB S ER M
ZRBEMRI T, E N AR (SR AREE

TARNLHRHARIEE N LAR) LA, SR
G416 £1.90 mg/L, B P& EH0.51 =
0.30 mg/L,

TEAFRPEF I7 iy N ARk, A&k
BUOARIEE > BT > A a s g RN
BRIET > RET > WAARITEH ;s AR I7 20608
SRR & SRR AN 5 (P <0.05) , LA S

O & % (total nitrogen) M &\ i#(total phosphorus)
a

a
< 5.00 I
5 4.00
g |

L_/
0.00 : :

@ 1.00 A A
KILH (L5 E7RE] EpE7/HE]
¥ 7710 tending method

BS ARZEAXNFMRKPERAMEHEE
Fig.5 The contents of total nitrogen and total phosphorus

in surface water in plots with different tending method
:|.: N N N /\
3 ZEEHWE

3.1 BEERIIHFMibFRKEHSENZIT

R TGRSR A SRR
XF Kz A2 BRAR 2 K B 5 B 1 S0, A SO X
S S R A AN T I AT, 25 SR LR 2,

KBRS AMBBES ®RN; s8R S
HEAR I R b SRR G 5 AR 22 B/ s T SR
AR MR 2. 17 £0.61 g/kg F11.01 +0.28
g/'kgo

RAREAK 7 A =5 E R HER 5HFEK
HREBE SR ERNE 3, HFEKP LA EYS
RAREK A AV LA S s i SR
FIEMRKR, K 5 RS A S MR E (P
<0.05) , MK R EUR KN 0. 72, HYOZR K
AERAREK SRS R H R EL0. 68, KTk 1)
HS R S R K T SRS A D BN A G
FHCNO0.41, WFKPEBSERSTERERNH
KRR FI AR YR . X BRI, K &

R2 KSRAKEOMR EEOMIEFER#HSE

Tab.2 Nitrogen and phosphorus contents in rain water, plant leaves, litter and soil

IR KAKEAK/ (mg/1) =R/ (g/ke) AR R/ (¢/kg) Hivet/ (¢/kg) 3/ (¢/kg)
Elements Rain water Picea schrenkiana leaves Shrub leaves Litter Soil

N 1.56 +0.23 19.38 +4.08 19.55 +6.38 4.25+£0.03 2.17+£0.61

P 0.12+0.02 0.98 +0.22 1.15+0.54 0.65+0.12 1.01+0.28
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Tab.3  Correlation coefficient between N, P contents in surface water and the contents in rain water, plant leaves, litter and soil

ok KWK e WA Wik e

Elements Rain water Picea schrenkiana leaves Shrub leaves Litter Soil

Hi 2K N 0.68 0.51 0.63 0.41 0.72*
Surface water P 0.50 0.23 0.45 0.46 0.68"

# . 7E 0.05 ZKFCRU) - 525 A%

RUFILEE & i 7 L rh R R S T A
Yyt B FURS & 4 v U 5 6] K Hh R B
M3 /N
3.2 MiEBFEEXNFHMRKERBESENHIT

FRMH K B2 KRRV 2 e AN T
R AR P2 DA S IR R BRI, X S ]
RN REZK o345 2 o HL [R] 9 45 b4 JB A 7 3k i O f
IR o FEADEIE TAES, T AR AR AT
R TSR I B 5 B8 325 T 38 I, A T ) 2 3 T 4
JE Rk RE Sy iasi, R, B8 F e A TR R i i
A A AE L 2 s o, B - i < JEARAK < AT
M < KERMK . S2PrAE Kl ALy b B = 2 FR bR 3R,
MK B B E RO R 2 T
il = AR ST T HEAAR  RIRARAI N TR (7] 22
SR O T SRR K A XK R IR b e A
TR B 9 A N T AR (B 2. 518 mg/L Al
ST 924 mg/L) > £LFM N AR (1. 521 mg/L FiI
6.302 mg/L) > TFHEM(1.024 mg/L F12.919 mg/
L) > =4 MH(0.369 mg/L il 1.020 mg/L) . 4
P X DU A L T o DX RR PR 35 e (F
Cl~ \NO; \PO;~ \SO;™) Wyt g VE R 92, 2% B Hb
JITA 15 Y T B 38 R Bt K TR i RIOR R
25 5 A AR CREI M) i 10 19 B8 TR B /N T S R
RCEF IR A B, PRI 5 AR 9 1A SR B2 47 1
RN o GABF ST 4 A — 5, JELR AT AE
SRR TR, A i D MO 2 Y, MK B v
i) e T 5 745 - 398 m G0l e TR KA A, DR IR R b
TR P R VR B B B R T A AR b 2R A
WA B 0 7 55 (O B AR A KA ) X /K p
R T B i
3.3 AKAZABAEEXNHMMRKEBESENH

— D7 T, RAR FR AR ) A K (e e £E [ 4]
FE PR TRIARES T v REE A 75 ) 2 X 3K N
P & R

TR RE, R LA R B, =2 A TTpGE
W /T 40 a, BUAL TR B ; 1 CER 7 R AR
TAZRRARINAL T i AR B B, JL TG Bopks . 78

AHIFEH, RERFR I 7K 6 R AR 19 A8 A B R
TR BB AR < BBR < BER < AR, Fh i p i
F R TR AR BB R AR AR < I BUR < BUERK
< HRR MR AEAS TR MRS B Sl & i AR b 25 R AN
o BIABIFST 2 B 12 DX AS [) PR % 4 b b R 42
TR R BT - G AR < Hid AR < BBMR <
R, VB HR BEIT Ry - 4l AR < IR < I bR
<HIB AR SRS A — B, R A AT g 2
HRIS MR AR ) AR B B B, AR ) 9 A fid e T A
SR, VR 2 ) RO B K 41, O B R K 3 AR
T TG R A I 2 R (W 1) Rt 2
T2 BH ) K HIK 730838 R BUER, BEIK XAt 7% )
JZ Bk R R T o i R B R E IR,
I, i R K b U B K T MRS

T3 —J7 T, PRI 2 2 7K T W R0, ) T 2 IR
2 RARFR MR 0 B BE (A ) AR B R
[RIGB P EE | ) o AT BB 38 1 MROR it J2 5% H 7K NP (1)
RN

TEASBIFFE ) AR Hh 8 AR R 1A 1 1) b e 7K
SRS AR B AR R Bk 0.6 >0.2>0. 8 >
0.4, HBH1E R 0.6 Iy A &= & THC A B A
0.4 1) B i S & AR L R :0. 6 >
0.8>0.2>0.4, [FFE, BB EE K 0.6 BBy A& &
WS TR 0.4 By & . 2RI 4N R IL
HE o A2 BRMGEE 2 7K B e 30 A T 0 5 SRR
IS A B R A, WS J2 46T 7K JBiE 5 M ), B K Hh 2
SRR BB 2 B I AR RIS PR 0 8 P T s o 3%
SR EAMREA - "THeE Ml TIEEE S, M
AT AT B, VR - M A 2, RO 22 B R
75 5 ELREAR A B3 K, M e Al I 1 )R B8 38 K, A v
R R B e A5 R K R B S RGN [R)
i it 25 1S A 2 P 38 K, PR 0ot R 7K 1) LR BE 038 K,
PN TS ) o] (7 S AR T R A
FAKW A, ZFHILFAER, B AR B R 0.6
A, b K U B, BSPA E R 0. 4 B, i3k
KRB & Rl XULHTERMOAR B HZ 4, Al
PA] J3 X7 b R 7K Hh R s K
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3.4 ANITHEERZENRMMRKEHSEN
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FER AL Be =42 N AR AR 6 52 Pt 22
A RES AT AL IR RAFTEE , & BT AEHE AR
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Yook B2/ T R o P07 18] £ 32 2808 1 7 i ARk
IR IR B R = A R 2201k
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e LA PR, B A3 AR P B IR 0 R R R
A7 T X AN [ 77 3 3 A AR AL v A N TR 38
KRR  IAh EHEEK D RERE % 1) TR AR S
LI NE BTG R . FEABETE YN AR RS H
LR ERIOVARIET > BIEE > BEHET v
FHREMNBEILT > RILF > BERIEH, AR
7 75 2R 1) 3t R R o B A A Y 2
5o JBINATRERA T BRI T MBI T =&
FHEC , N AP0 B2 72 8 38 K, b 73585 BE i/ , {H
TR PH BEATY BN AT, AT X R I ) R S 2 ) o
il 568 PRSI , B2l 7 Ml 22 K vh /Ul B B A
E T T
3.5 #ig

ANTRIAR IS TR LG5, R b b 3R 7K Ul i
TN IR GEARBR R IR = A3t (P <0.05)
TERIRMR R GIREHL b AR AT AR TRT I , e bk s 5%
BB E R TP <0.05) , Bk & B AEA R AR
I 2 B 22 AN 3 s MU AR R) IR, AR PAT B2 0. 6 A
o 55 R TR P O 0. 4 R M rp U I i (P <
0.05) s N TAREEHL P, I KA ] (R P ADAS R E 75 7
2 XA R K R & WA R (P <
0.05),

Z5 O3 AT, MRS BN K 1 = A2 AR R K R
Wi B BRI, AT JOAE B T 1 BRI
B R AR R BN AR 2K R R P
U FRARAR AT BE 2 B e IR K o A, A4
SIS (AN 7 ) B0 R i 3t K R 35 A — E R
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Nitrogen and Phosphorus Contents in Surface Water
of Picea schrenkiana Forest in the Middle Zone
of the Northern Slope of Tianshan Mountains
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Abstract; Forest structure has a strong influence on the chemical composition of surface water, and it is
scientifically necessary to quantify the relationship between forest structure and change in water quality. To explore
the nitrogen and phosphorus contents and the main factors affecting them in the surface water of a Picea schrenkiana
forest, 13 runoff observation plots were selected in Banfanggou forest farm on the northern slope of the Tianshan
Mountains in terms of forest type, stand age, canopy density, and tending method. The runoff surface water
collected after rainfall was used to determine total nitrogen and phosphorus contents. Results showed that:
(1) forest types had an important influence on the nitrogen and phosphorus contents in the surface water; the runoff
from plantation, shrub forest, and natural forest had significantly lower nitrogen and phosphorus contents than those
from bare lands (P <0.05). (2) The community development stage also had an important influence on the
nitrogen and phosphorus contents in the surface water. In natural forests with the same canopy density (0.6),
middle-age forest had higher nitrogen content than young forest did, whereas no significant differences were
observed among different stand ages for phosphorus. When stand age was the same (middle-aged plots) , nitrogen
and phosphorus contents were significantly higher in plots with a canopy density of 0.6 than 0.4 (P <0.05). (3)
Management intensity ( pruning and thinning) in plantation affected the nitrogen and phosphorus contents, but not
significantly (P <0.05). In conclusion, the nitrogen and phosphorus contents in surface water mainly derived from

soil and were significantly influenced by vegetation coverage and forest canopy density.

Key words: nitrogen; phosphorus; surface water; spruce forest; the Tianshan Mountains



