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Characteristics of nutrient elements with water transport in the primary forest in

a Karst area of Guizhou Province
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Abstract; Because of precipitation serves as one of major approaches of nutrient input into the forest ecosystem, the
accurate measurement of its volume and ion concentration is of prime importance in an evaluation of nutrient biogeochemical
cycle. Therefore, the chemistry of precipitation within a year was monitored and analyzed in a primary forest in the Maolan
Natural Reserve, a Karst region in Libo, Guizhou Province. The movement patters of nutrient elements through hydrological
processes could be understood by monitoring chemistry data of water. The investigation period was from September, 2007 to
August, 2008. The results showed: (1) The pH and most concentrations of most nutrient elements in precipitation,
throughfall, stemfall and streamflow varied seasonally except for Na*, with maxima in winter or early spring and minima in

summer. This may be resulted from the concentration dilutions or inspissations due to the varieties of water discharge. (2)
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The nutrient elements in throughfall and stemflow were significantly higher than those in the precipitation when rainfall
passed canopy. The concentrations of K*, Mg’*, and Ca’" were altered more than the other nutrient elements. The
concentration of K* in throughfall and stemflow was 14 times and 21 times higher than those in precipitation, respectively.
The concentration of Mg’* in throughfall and stemflow was 12 times and 9 times higher than those in precipitation,
respectively. The concentration of Ca’* in throughfall and stemflow was 4 times and 3 times higher than those in
precipitation, respectively. This probably resulted from the exchange of cations and the canopy leaching. (3) Through
throughflow and stemflow, the most nutrient elements which was input the sites were K* and Ca’* i.e. 35.8 and 31.5 kg
hm > a™', respectively. The most nutrient elements output through streamflow were Ca’*and Mg’*, i.e. 579.5 and 152.9
kg hm * a™", respectively, SO} -S coming next, Na* + K" + NH,' -N accounts for less than 1% of the total cations, and
Cl™ + NO, -N accounts for less than 1% of the total anions. These general features indicated that the chemical composition
of water was largely controlled by carbonate weathering. (4) The characteristics of annual vertical movements of elements
indicated the concentrations of nutrient elements in soil water were varied from Ocm to Scm. The concentration levels of
NH, -N and NO, -N in the soil water suggested that the transformation might be caused by microbes through nitrogen
fixation, nitrification and uptake by vegetation. (5) The nutrient budget (e. g. throughfall + stemflow — streamflow) within
one year in the forest was 2.9 for N, 25.2 for K, —547.4 for Ca, —144.5 for Mg, —-4.0 for Na, 2.5 for Cl, -5.9kg
hm * a™" for SO}™-S, respectively. Our results showed that annual inputs exceeded outputs for dissolved inorganic N and

K*, The watershed had net losses of Ca’*, Mg’*, and was close to steady state for Na* and Cl~ in the forest.

Key Words: karst region; primary forestry; nutrient elements; precipitation
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800m,, %X &AM F B ARAFBO SE4F B e AR AR AR 25 AR G , i e 0 A at IX I AR P R AR A T AU R
FoX " . 2007 45 6—9 AFE b P FHARE 4 R, 3T R BT T A, N IR A 45 R ok

http ://www. ecologica. cn



5450 g & ¥ ik 30 &

B, HEURBAAKT IE, LEREH AR ESE, 18 pH{E 7. 5—8. 0, HITEAREREXISE A KRR,
PREE A 80% ; MEBRAELFRE , KT T Sem B ARKTFH MR 11. Sem, P E Om , BRHH BE
100% , FEWFA B FTFE (Platycarya longipes) .z 5 R H-AR ( Carpinus pubescens) FM# ( Celtis tetrandra) | #;
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R B RRIER 4 MRAEHRAVE PR HEAR SRR T . FEBARA T3 50—130em AL, K 4% BE5E H B 42 3om
ARV E R HRIRJE S T U A, I 3mm JEEESER} BORGTE R CHR MRS b B B — S0, R R A
THEBAY 20L MRS . FE/NTREA B DA AR IR K KRR o 2 ISR 1 ROKAE, JIRER 24 3R, i AR B I &
RHATK BRI EICT . J5H 100mL BRBHRIBUE , K lc5E KRR B S2 30 = 61T 70T o

THOKB IR R, R B AR AR B (AT FARA R B4 #EAT A& . Ko AR A 3%
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HAARARELE, 3 5I7E 3% 0 Sem B2 & HCE 15 PNHAE 6em, 7 3em FBEH 30g B 32 MRS A A 1]
o BUE—F)G B, FE M BISE R T, DU E —F PR E K B sh i A LS & .
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10 —2008 £ 3 AR EE /D, pH LK ,2007 426 H—9 HREMEHK, pH 2L EHAETE , X BRI
KE  BIEDERR, BB TWREREA X NHBET Ca®" \Mg®" NH,; K" Na*' LK FAE T SO;” .C1~ \NO;
SRR A RARE S —  BRFEK B RN R, 2007 4F 10 H3p—2008 4 3 H BIfk4&-ZE, /KB FR41TT
RWRBE K, BIFWBK, X —B RN R AR, R0 n R B —E IR . 2008 4 4 H fh—
2008 4 9 A BIBFERE 2, R U R KRR, I TR, SN NN RS 2 A —E MR, i EY
KU B B — e R R E A, SER AT, W T, BUK M R 88 = B 2 E U, AR ZE
HIFRARE SR ARG E R . ERXBFWAIEAERKEREA RIS TESER  XBA R L
FWREB MG . MEFRE, WAREX —NFFHRETR, B, A2 4E K, RICKE KFR0 A RER —&
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THEUURE LA SRR K MR TTRE HE A AR S R, AN [R] 9 28 XU LA [R] i) )3T ok A5 HE TR R SO R
FHER R R SRR ERA A F R, X — A D EE S EIRHN SRR T2 MR . NS BTk
FEHESRE,Ca’" 5 Mg & BRm , IRA A 3L B A —— R R R A A AR K. Na' 55 CL™ [k
BERAR, BRI B FRETRA €, —MIA X A ES 7 0ok B TR TRy ARG B9 S 4 A VR BE R/
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Fig.1 Seasonable variations of pH and dissolved element concentrations in precipitation, throughfall, stemflow and steamflow

2.2 pH {HS IR HIWE

Rk P R pH 5% 8 TINBCF M BE L B3R 1, AR AT pH {E 6. 17 S5HKSMF pH {H 5. 69 HH LA
Fr BTt MERGEERIEE , EREE H' B 7RI 3, B IR TR RIHFE (B0 CaCO,55) , AR AR
TE , 40 PO 52 5 W o ) BV - S8 e i, AR | JR A b K PR BEZEAR AT P ok BERE i T 14 4%, 5 H”
(R IR R o Shibata % A @ 1d pH4. O AT BB SCER AR /R , VI 255K 19 pH i

F1 HOIHHAEKTFRMRR KSR pH 5EEFRSTROMILERE
Table 1 pH and Volume-weighted Mean concentration of nutrents in precipitation, throughfall, stemflow and streamflow/ ( mmol-L~!)

i H Item pH Ca* Mg?* K* Na* NH; -N Cl- NO; -N S0%--S
MIIF Precipitation 5.69 0.03 0.0043 0.005 0.003 0.021 0.005 0.003 0.03
M PI Throughfall 6.17 0.12 0.0532 0.072 0.003 0.024 0.026 0.009 0.07
BT Stemflow 6.24 0.08 0.0366 0.107 0.002 0.013 0.015 0.004 0.05
&K Streamflow 8.09 3.00 1.3053 0.033 0.022 0.005 0.028 0.025 0.13
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KF] 5.0 DAk, WA pH {E 6.24, SARSMRAH L EFE. B 3K pH {8 8. 09, 5K FEAH LLER , B K IR
AN, AR PI RO S L4, KB PR 708, FER Ca®" Mg™ W KIEERN EF-EEEXR

MARSP T BIAR AT SRR, BR T Na® \NH, MR BEERAR B ZIN, EMRA TP &R TR KEEHE A
[FIRR R s, ) K Mg A Ca®* 35380 T 13 /%11 5404 45, 5S04 2298 W SR AR bk
X 7K A2 A BIAFHIE (K Ca Na Mg) #E4T T HFFT 45 AR HL A, MRAMIT g K™ \Ca®" \Na ™ il Mg®* ¥R 55—
B, (H TN L S AR T S B B K AR, BR T K B Na ' YR AR (Lt SR B — B4, Mg™*
PRIV BE FEAS AR, Ca® " RIS A M A o X BRAS TR 28 b4 BRI L 0 3R B —— B BRI KA A AR
Ko APAEH AT SHAINE A LB (AT AR T) 23, K*,Mg®* (12.4—14.4) >Cl,Ca’" (4.0—5.2)

>NO; ,S0%" (2.3—3.0) >NH,", Na* (1—1. 1) )i, Parker'® ¥fit F: KB HJEAAEL R MEEE, THEK

FHh: KT (11.2) >Mg**, C17,Ca’* (2.8—3.1) > Na",S0; (2.3—2.4) >NH, ,NO; (1.5—1.9) , 5AH5%
25 LB . SERARE T E AN TG , A B T30, H Y W BRI . R AT AR, MR il Ak
BN TFEFR S’ RAE TR, FEE BB EKEMNE SR AMELE-. By Na® \NH, DX
Ab, HABES FECR I B 3 A0, Na * ¥k B 2255 B VE N B I st 4, BRWREERK. NH, B1i@
AT, — 7 T TR R B LT, B — T, i TR B R NO, , SEW B R .
TG TN AR, T KB R4, Ko KT AN R R GER MRS ITER . WErERmRkEsS T
PEUTRE X A AHAT LB M . fRESCREE R B, KT ZEMIN MR BEA — B i BEI R KBRS BN, B
B IR B BRI, 22 AN KT L Ca? " Mg AL, B sl Ph 5, B 5 i ™ o Nakamori 25 A1) @i
Bt 328 J3E RS , E— 2B UE ST K B ¥ At AN I B A K, HL: Mg® (Ca®" o RS SR A TG R VR B ) L]
KE A Ca® SRER X Al FEIRME BT AR b X ZRAK PR TR R Ca® " B KA %K

BT WA IR TR T K™ w5 B S5 AR P9 T BE A1, oAt 35 43 70 R B Hh BUAS [R)2 BE A e
165, X BRAT SO 55 & T 8 AR I TS A 45 SR K — 3020, 33 AT Al ply T 30 ot XA PR B g 2
bt X G, FEAN T B45 B8 B[RS, AN R IR RO VE R S v B0t , OF ELER R T /DY IR R A &, AT AT, BT
T H R IR 20 B R I R AR, S TR B BRARSS B, A R ) S b S R B S AN R 45 2R

ERKPEFRENA/NRFEJ:Ca® >Mg®" > S02” >Cl™ >K* >NO; > Na* >NH, , x| 2 A"
FEVE TR A AR L X B FE S5 SRR BUHE , SOF ™ MR EE R K, oA B F M AR A o 3 BRI 5t S 0
MAA 5%, YA RO SO;- B — & ML E A K. BIEKFP R R TTRIKE SN T KA,
Ca®* \Mg”* il Na* KE A, NO, SO, /INERE R I, i K* \NH," , RIH FRR RS B Gl ERA
2.3 FOoEMERETK

ForFRanR WEEB IR WE 2, /RN, SRR, A T W AR K B3R B2 & KRR BE 57K & 1
PG TR, 148K Ocm 3K Sem T ERE T B R F— 4 HUCE 1B 13S0 i Br R i 37 40 0 R BT
Ko BEAKGEIT AJZHALIE ETEDBRE, BB RZEIK, X—d8h, SRS TRERE TRRHE
b, R E B, BK AR, S IR TCR BERE IS, A 58K Ocm 3] +38/K Sem &5 ERERK, A
[F] )57 47 TC R R AN A AR ALARHE , 25 R B Rk o 352 B, AR B R i 5 30+ 2+ i 3 4 DA L
MAEYRIERSFMEFRS TR B R A,

ME 2 FJRLE H KT \NO, I NH," HHR BEREAR, —MiA S —J7 T, 38 55 A AR AR 3R A R MAC P Tk g I G5
—J5 T , 7T REER P RS A AL B O B TR AL B RS ALAE B 26, DA R AE B B AR A 22 A
T FBOK MR, I B B dtebEE HE A, v DAY H R 2 s 0 L7, Br ASERR |,
L A= ZRTHIRE KRR P B H B 280, Nt R R & 50, WX B AT LB Y, MR 5T
b+ e B BRI B ARE ) (R, TERTERZ K)o M Ca® 1 Mg® AR %R,
PN AoJZ,Ca® F1 Mg KRB FHIN, 76 L3R MB B, BRWT 3 i, + 38 h 2 ek Ca® \Mg® " 3%

http ://www. ecologica. cn



20 4 PSR S5 BN A R X R AR MOK LA AR E 5453

HRAPT Ga Mg* K NO; N NH,*-N Na*
AP
BT
+:33Kk0cm
+3Kk5cm
Bk | . | | | | |

0 300 6000 200 0 50 0 500 20 0 10
743 76 B Amount of nutrient element/(kg-hm2-a™")

B2 FEAFSNEEBIE

Fig.2 The characteristics of annual vertical movements of elements

%, KEK Ca®" Mg B PN B E k. B — AN m G, Mg® \Ca®* PP R T I KB
i, AR T EIR FK B3 B b pH B B S, BI7E S L2 HY B P h b i Mg™* . Ca™ B 7k
AT T8 MK HIYRBEBALRE MR TE Ao 2, K" R KB, (HiE T 13908 B B B, &
TR 5T IR, VR X T R, IR AT R B AOAR 2R, B B A AR R BT IRK
2.4 FOSMK

2007 429 H—2008 48 A it & MNH 2 YOKFEMIRE S5/K B R, 715 A WUAF B ARSN I RN
TR B RUKHIFRDTE R B AR IR I 2, — B, PRI AR TR 3R 0 e R B s A
FERWER TATE FKARAF IV, AR R A &, NIRRT e K FR 0 o R & BN E
BDREMFTTRMAER, MEREMBEBR S TR BEERIRGT NS ETTE. NARENSEREKE,
FoHlA N(NH, -N + NO; -N) K" ,Ca’" \Mg’* \Na* ,Cl™ SO} -S ZEMSNFRHIFR > TR R, 25N 5.5.3.0,
9.4.0.9.1.1.2.6.7. 2kg/hm20 AN + W TFRHFEDITCEED N 6.37.5.32.2.8.4.0.8.12.2 . 14. 3kg/
hm®, Haibara 2 A\ 75 4R 5UR TR 24 M5 ST BRI IE 45 545 K Mg . Cl.Ca ARATR + W RIS TR R
Y MREN IR TCER B 2 £, B B TR AR 1 e R T fHAK 9 B AR T 0 K3 fn & — i 9—15kg/
hm? , AHFSE R MG LI R , Horp K Mg CL,Ca 23 B34 NE] 12.9.5 3 M5 754 . ATRAE H K K fn iy T
VB RN, T Mg, Ca WA A5 B IR AR T BB B K o % T TRV LA BB P TR 55
TER AR BT, A BB E . AR, REEA XS BHRIENINRRR AR, A
W+ WTR - BRUKHRES TR BHTHE RS TR B, R BR: THLE N(NH, -N + NO; -N) |
KPR C1™ =B EWCE, Hofh 543 70 R R G, B 24 5 W8 ke IR Ga kvt N B — & b i
o XF Mg’ il Ca®* BN RATCE KRBT K, EHIOPT R FEIE M, Mg, Ca®* Al B 2 X kA
HIRAL SR B A X

F2 REHFSEEZ
Table 2 Nutrient budget for the experimental watershed/ (kg-hm 2a~!)

i H Ttem NH, -N NO*> -N K* Ca2* Mg+ Na* cl- S0%--s
MRANF Precipitation 4.8 0.7 3.0 9.4 0.9 1.1 2.6 7.2
AP Throughfall 4.3 1.5 35.8 31.5 8.2 0.8 12.0 14.0
BT Stemflow 0.1 0.0 1.6 0.6 0.2 0.0 0.2 0.3
&K Streamflow 0.6 3.4 12.3 579.5 152.9 4.8 9.7 20.2
433 Nutrient budget 3.8 -1.9 25.2 -547.4 -144.5 -4.0 2.5 -5.9

3 Fit5ifit
MIRGTCR BT RRTE [8, 4F 18] B9 5% 200 2R a0 A5 i ) R A 1 3% T DA g T o BC RPALE A 2 DD 9 56
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%,2007 459 H—2008 4 8 AABIT# B MRy 1621mm, DI AR &35 X 43 X 345 F R B b 2
1321mm"* ) A YRBF ST RE (9 T RARAEAF 2, BT LA La A 008 e LA 11 A I 224 3, 1 SIC o o T 2 LA S R T
SBCIELL, AT 22 TIRSERESEIN . HAHRATE W TRERNEERE R, 725k 78% ,3% ,19% ,
RPN X IR SR (79.5% ,7.5% ,13% ) ML, BRA M2 50 RAOBRFEH HAAT,
AR U0 25 B2 R A P O A 3R B R S I ) A BE TR R/ N R ) LB e s TR SR
P A T B8 RS ) S IR 3 B K AL SRR AIE , T BEARR DR AR P 5038 T 25 () 20 A AN 35 AR O , 4 38 0 32 T i ) T
R 1 o 00 R PR B R, AV DRIPR P 3 T 2 [ S SR PR R KR 22 o

AWFEH TR TR T R SR FUK B A E K SRS 2R TR AT BV SRR AR,
F T TR IR B SL AR B i 2% PR B BR A , B REXH BT S R K B TSR PRIl B o TR SC# T AR A8
A8 R PUK R A R TR - R BRI, H A R U R A Thornthwaite YA A IEATIHEE™ o BT LAAE
X RULEER G LA P25 , B TR A BORUL, B ATE SR> —Ff LB AT 5 OISR T B, &0 A
TR BT AT R BE A IRV, 4 SR ST AR PR S8k 2 P B A B RTOR UL R B M I Ek , K305
ik RS AT (SPAC DU o GBI OTE " o TSR Rl R A SL IS, ] B EE
YA ) SRS B AR WK B, SN PO SR LI B8 53 1T O 128 e itk — 2R3

AT F RPN IR TC R BRUCTTHE, RA TAHRNTE + T3 - BRK P UIRER KT, W5
BRSNS TR AR, B 0 T HEUURE 5IRPETTRE AT X 4o Muramoto' ) 7£ F % 35 M k2% 1L BB
LA BRI BT TR A, 34TSR A, 2 [ (MW 2 T O St sEAT S5 50, 38 58 A Kobayashi 2430, 43
PrIHERT T X TR R T ARPRERT o TR SRR TR L] 5 22 57, A R AR i T PR TR 945 L
Wu 2 NPV RI AR N AT T B ARG B AN R AR RS o, TR S8R LB 22 575
JRH o 2 T RE S AR FA S Ao 4t X AR AR B IR B PR ARRALE , V2 A, o83 5 o S0 ot X ) TR TR
ST T, A B EHTHE PR
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