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Abstract

This research performed an investigation on the phytoplankton ecological stoichiometry charac-
teristics and the balance relationship between elements in a mountain river of cold region. The
samples of phytoplankton of four seasons were collected in May 2020, August 2020, November
2020 and February 2021 from Taizicheng River in Chongli, Zhangjiakou City, Hebei Province, Chi-
na. The contents of carbon (C), nitrogen (N), phosphorus (P), sulfur (S), hydrogen (H) and iron (Fe)
were measured, and their ecological stoichiometry characteristics and correlation were analyzed.
The results showed that, the contents of C, N, P, S, H and Fe of phytoplankton were 82.14 + 32.12
g/kg, 9.22 + 3.56 g/kg, 1.46 + 0.55 g/kg, 1.96 + 0.86 g/kg, 2.36 + 1.36 g/kg and 12.64 + 10.57 g/kg,
respectively. Generally, the contents of C, N and P were relatively stable, while the contents of S, H
and Fe fluctuated greatly, and the variation coefficient of Fe content reached as high as 83.62%.
Moore of phytoplankton elements in Taizicheng River was C156,00N15,41S1,54H51,17F€5,10P, which
showed significant difference compared with the classical Redfield ratio Cio¢N1¢P. The high pro-
portion of element C indicated that phytoplankton in Taizicheng River had a high demand for C
and a strong ability to consolidate C, and the N:P ratio was consistent with the results of previous
studies. The ratio of N:P was 15.41, suggesting that the growth of phytoplankton in Taizicheng
River was restricted by both N and P. The contents of C, N and P were positively correlated, while S,
H and Fe had no significant correlation. C:P was significantly positively correlated with C:N and N:P,
while C:N, N:P, H:S, Fe:S, and H:Fe were not strongly correlated, indicating that coupling relation-
ship between phytoplankton elements was different and C, N, and P were highly correlated as im-
portant phytoplankton nutrient elements. The investigation in this research provided a basis for
penetrating the phytoplankton ecological stoichiometry characteristics and elements balance re-
lationship in a mountain river of cold region.
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2.1. ARXESHIMRHE
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Figure 1. Location of sampling points in Taizicheng River
B 1 K FARE R IR E
Table 1. Latitude and longitude coordinates and altitudes of sample points in Taizicheng River
F 1 KFWTRHESEGELRGREE
RS (A 4 BE(N) £ (E) 4R (m)
1 ORI Ll 40°58'41" 115°27'18" 1864
2 RT3 il 40°58'40" 115°27'19" 1860
3 RT3 Ll 40°58'17" 115°27'21" 1834
4 RT3 i 40°57'09" 115°27'39" 1720
5 R3] i 40°55'14" 115°25'25" 1536
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6 IR T4 i 40°54'22" 115°23'15" 1425
7 K- o i 40°54'26" 115°21'11" 1346
8 IR THI il 40°54'32" 115°19'51" 1306
9 IR THI il 40°55'29" 115°18'53" 1262
10 KT i 40°56'36" 115°15'23" 1212
11 KT S IR 40°51'16" 115°24'10" 1633
12 KIS 40°53'18" 115°20'13" 1374
13 K IRIAT SR 40°54'07" 115°19'55" 1340

22. MRFB*E

AL B TR A o 3 R SR PRI 73, — o B i Uit A P A A R LR
B GRS, RARYE KR P AR IR C R IR FE AR AT M . ARSCRA SR — R o7k B REEMIF i
VIRE S AERRL RO NPk, ST b R B Y S o B, KB s IR LA 4 0 e NG /N
W, FER TR T ERNL R TR 20 ACIRAE &, BT 70 =M. Bk(C)s Z&(N) A (H). f(S)U Rz A
Elemantar:Vario EL cube TR HTAXIE; BE(P). Bk(Fe) o &l il 2348 7800 %Y ICP-MS HiEHE A4
BT RGN R

SEIGHAR AL SPSS 25.0 AT FIIMHE . bRtz B R KA T SRR 3R 7 Z 0T, X Cy NG P S,
H. Fe Ju3R KA 5 H 2 (A 3EAT XU Person AHOCHEARL LS » 1 H0H Ab#E 1) 45 RAE Excel 2007 A H il
YEZe#%, 1E Origin 8.5 Bfh R 2 FH Lk .

3. £R
3.1 BEEYTESERE

KT WA e RN B2z 2, WY AT TR S BRI HAMIE, C TRE 2
Hin &AL K i m. 8 AMrPuidAd K K C JLREAN “BAICR” HRZAKEREK
I, NGRS EE 2020465 A, 11 HEAK, #2020 48 H 2021 4 2 H&im: P ILESEM /DA 5
Hinse %, Z#iaE 11 By, REHES, AKRERRKP cRXSEHBHIAK; SITRSEMES AT
BB A E G BTG, Ny S IR EERE AR CRTE 8 Al BIGAE, KL IR N & 5
SEEE: HUERSEES AM 11 AFAEREHE, 5N TR Fe iR SEAE S AL 8 AR
11 A BB A AE R AR F A N s a2 7 i, (ELFE 2 3 B4R SRR [, A S R T H A B i+ a2 —.

Table 2. Content characteristics of phytoplankton C, N, P, S, H and Fe in Taizicheng River
2. KFWOMZHHEY C. Ny Py Sy H. Fe (IS E4HHE

VIS fif 1] P4 (g/kg) ZRli=E KM (ghkg)  w/MME(KG) R R
2020.05 77.06 25.17 132.05 43.64 0.33
2020.08 70.94 19.95 114.41 38.77 0.28
© 2020.11 86.83 31.85 156.85 49.90 0.37
2021.02 95.24 49.40 231.16 49.31 0.52
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2020.05 8.82 3.11 13.52 4.20 0.35
2020.08 9.52 3.25 12.71 3.37 0.34
N 2020.11 8.21 4.47 17.11 2.22 0.54
2021.02 10.48 214 12.98 6.79 0.20
2020.05 1.10 0.32 1.57 0.63 0.29
2020.08 1.42 0.48 2.26 0.81 0.34
i 2020.11 1.75 0.62 2.90 1.03 0.35
2021.02 1.62 0.57 2.93 0.99 0.35
2020.05 2.10 0.80 3.49 1.08 0.38
2020.08 242 1.02 3.84 0.80 0.42
> 2020.11 1.74 0.73 3.24 0.48 0.42
2021.02 152 0.67 2.40 0.63 0.44
2020.05 2.25 0.84 401 1.34 0.37
2020.08 1.88 0.41 2.36 1.09 0.22
: 2020.11 3.19 2.38 10.11 1.65 0.74
2021.02 212 0.57 3.57 1.46 0.27
2020.05 11.05 5.05 23.49 5.32 0.46
2020.08 18.19 10.31 47.11 8.99 0.57
Fe 2020.11 19.83 10.36 49.85 10.60 0.52
2021.02 0.61 0.38 1.32 0.18 0.61

AR Co N, PILREGERECHR S, H. Fe JUEISE . C. N, P HHEMA g3t 75 R A AEK K
BHREAEGHRMER, BARE—METENERE N, S. H. Fe BAMREMAEKM LT TR,
TLRSEIBA C. Ny PRE, UM Fe iR, 12 AMEMWAEMIGENNIINGG, Fe LR KERAL, L
b b HORE N R
3.2. SBWAEY) C. N, P U3 ESISTE

RFWRIFIED C. Ny P CRMAESMA TR R BERIE. &RwE 2, CP HEEFEFTY
fH 190.77, PHhuilE 106~360; HZFIME 136.49, P sl 86~246; FKZ 133.16 P ahilH 70~191; %
Z P H4{H 161.09, PishyulF 73~308. PUANZET C:P H{EAS 7 R %504 %4 0.37. 0.33. 0.31. 0.47. N:P bk
IS (] 93 A B V3548 19.23, BN 7~35; B Z=-1-351H 15.83, K30 H 6~32; &Z=114{H 10.22,
WAV 3~16; 475 FH1H 15.04, #ishiilH 6~28. PUANZETT NP LU = 250554 0.46. 0.49. 0.33,
0.36. C:N LUfEI A 73 A 2141 10.85, JANEH 4~15; HZ1H4{H 9.80, Jahul 5~21; =
SFYME 14.29, JANEH] 8~28; AZEF{E 10.50, A6 6~23. PUANZETIAR 7 R 40578 0.29. 0.40.
0.39. 0.41. KFIIZIFEY) C. N. P oAbz it & 2= 4 8 C:N:P = 156.00:15.41:1, C:P. N:P [U{H
PN N ERESEKEFMR, CN AT E, B K R A & 2w R KR P o R D
& RNA, Rt H 5 A HESITIRBEIS, B 2 B RRFBEIEE T & . K73 i e C:P
EOAE 5 TR PRI A BRNE 106, 1T N:P SFEE R A5 20 HAT ML
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Figure 2. Mole ratio characteristics of phytoplankton C, N and P in Taizicheng River
E 2. KFWEAFH#EY C. Ny P RUEE/RELE4FIE

R TR BT A FE S Cy Ny P LR & & C:P. N:P. C:N [JLL{EHEAT Pearson #H 2G24T
LERINE 3, CIUUETEE N, P UUESTEZNLE 001 &5 FEEIEMS, M N P Z[A{UAE 0.05 2
NREFIEMKX, CPIMELS C i &S EREEF MR, MEP LRTEEREFEAMIG NP HWES N T

CEEEREEMX, 5P uREEREFEAML: CNIHES CumEEMEAKINE N TR E
BEDEAMEK, —ERE LU CN ENZLS C ix & EBU KRB, FEIULT N TR & &
ZAk; C:P 5 N:P I HAE Z [ 7E 0.01 Z) 35 IEAHRME, 5 C:IN IEUE Z IAI7E 0.05 Z 22 1EAH G, 1
N:P 5 C:N Z I8 H A5 T8 i i o

Table 3. Pearson correlation coefficients among phytoplankton C, N, P, C:P, N:P, C:N in Taizicheng River
52 3. KFWOAZHEY C. Ny Py C:P. N:P. C:N [8] Pearson xRk

B gE| C N P C:P N:P C:N
C 1
N 0.555** 1
P 0.366** 0.293* 1
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C:P 0.552** 0.324* —0.475** 1
N:P 0.104 0.581** —0.530** 0.682** 1
C:N 0.253 —0.567** 0.023 0.335* —0.087 1

**7E 0.01 ZLlI (BUR)AHME R 355 *7E 0.05 A (AR MR MR E .
3.3. FRiHHEM S, H. Fe LB FYSHE

YT Sy Hy Fe =FicE, REURFERI v A7 AL BE FF 060 RT3 A (1 H:S. Fe:S fil H:Fe Lk
AT T an 1] 3.H:S F 2 F4){H 36.04, Y% B[ 17.12~55.58 & =~V 14 {H 28.24, 1 7)) 75 [l 18.18~43.67;
FKZ=P1MH 47.31, P36 26.39~92.42; 4 Z=F-34){H 56.45 1 5))3t [l 32.96~121.82, 4 57 2 45371124 0.26
0.34. 0.42. 0.60. Fe:S LL{EI Al 4341 NFHZTH41H 3.60, #izhiil 0.87~12.44. B ZTV141H 5.06, #s)
JEE 1.75~11.74; K= TH41H 7.88 i shii [l 4.12~19.78; A Z=F#41H 0.31, #izhiEH 0.07~0.69, Z5HF R
5y 7% 0.79. 0.61. 0.68. 0.89. H:Fe LB A /34 K2 FH4ME 13.56, WAL 4.47~41.19, H=FE
M 6.91, PENTEHE 2.53~11.53, HKETFIYME 7.86, WishiuH 4.77~13.43. X FH1H 265.58, W
[l 70.83~562.02. A% 7 #4471 7°4 0.38. 0.45, 0.44. 0.66.

K TYRFHAEY) S. Hy Fe BRMAATHRE A BN HiFe:S = 41.47:40.28:1. H:S L{ETE 2020 4 5
H. 8 ANk EH S ek A RS, 1M 11 H 5K 2 A B FIzista ik i & A i & &1 T,
JLR AT E HZWi . 1M Fe:S. H:Fe LLEM T Fe RS EAE 2 AR KERKSHBE K, S5
2021 4 2 A I HE S . Fe JUR SIRIFEYDCEAEAFFRAE G OC, 16 2 A frbi a6 1E AR 1)
155, HEEMRCT 95%. 7Rl Fe:S e EFF, HiFe fREFESE, 2 H i HiFe LEEE T,
Fe:S LW 2 E (K. H:'S HFTIMH 36.04, Wil 17.12~55.58. HFEFIYMH 28.24, W shiEH
18.18~43.67; KZFHIMH 47.31, WENVEF 26.39~92.42; &XZVH{H 56.45 575 H 32.96~121.82, AF5¢
R 0.26. 0.34, 042, 0.60. Fe:S LLfEIS (Al 734 A& T T-14)H 3.60, #zhulH 0.87~12.44, HZF
P 5.06, BWEhVaE 1.75~11.74; FKZFI1H 7.88 P EhiEH 4.12~19.78; & FVi(H 0.31, WzhiuH
0.07~0.69, Z55: Z%r 5N 0.79. 0.61. 0.68. 0.89. H:Fe FU{EIE] /A NEZ VM4 13.56, JEhTEH
4.47~41.19, EZFIME 6.91, WahuH 2.53~11.53, FKZEFIMH 7.86, WahVul 4.77~13.43. 4Z 11y
{H 265.58, WALl 70.83~562.02. & 55 R £ 574 0.38. 0.45. 0.44. 0.66.
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Figure 3. Mole ratio characteristics of phytoplankton S, H and Fe in Taizicheng River

& 3. KRFWSAZHAEY S, Hy Fe HYEE/REL(E4HME

KR F-IRFEAEYIFT A RS Sy Hy Fe =Rtk & & M H:S. Fe:S. H:Fe LL{E# 17 Pearson fH%
HorbT. SERUNEE 4, Fe 5 S, H ZAMKRMALEZE, 1M S. HIEJLTFILMHIME. H:S 5 Fe:S LR EHM
%, M5 H:Fe 7F 0.05 K A2 3E IEAH5S; Fe:S 5 H:Fe EWETE 0.01 2% 7 B2 A%,

Table 4. Pearson correlation coefficients among phytoplankton S, H, Fe, H:S, Fe:S, H:Fe in Taizicheng River
£ 4. KFWOAZFEY S« Hy Fe. H:S. Fe:S. H:Fe [8) Pearson t8x R

WA S H Fe H:S Fe:S H:Fe
S 1
H -0.026 1
Fe 0.27 0.208 1
H:S -0.664" 0.297" -0.161 1
Fe:S -0.322" 0.438" 0.643™ 0.138 1
H:Fe -0.246 -0.022 -0.542" 0.337" -0.493" 1
**: FE 0.01 ZON (W) R B3 *: 7E 0.05 N (BUR) M R B2 .
4. g

Redfield & XHE T 1R AEVI TR AL, $2H T CloeHaesNieP TG ER H. MK AR RGK
SCHREEHO T R AR AL, PRI AE DA 2T B LR AR A A AE 22 51 [10] . Anderson [111E S E 1%
W EHT I TCE ALK CroeH17sN16P» Wollast HIA T 5% S TEEMIWFTT, 73 H T CrosHassN1sS1P 117 T30,
FRABEEAR[ 1 2] 045 AT R A X RN 58 TR X 76 25 93 98 Ci13.14N20,06P F1 Cios.86N14.75P - Klausmeier 115 1 7%
TR A A SRR G PRSI NoP LUARL, S84 30T NoP iy, AR KRR NP IS, 45 i iietE
Vi tE N:P EU7E 8.2 32 45.0 2 (8], FEEH T MM NP = 16 XA LUAE A [ AR ES T &SP i)~
B . A SCIAT R T30 AE TC R ALEN Case00N1s41S15sHs1 17F€5.10P, KT ELZE M Redfield EEfl, C
JCER AR, N P EUARIT, H 5 LRGN .

R T KGR B, OGIRAE, XATRee SBORIFEY) C ok A B IS . Berger [13]7E
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R I 65 MBIV FE V7 I AR WITEAS [RIGR FE FOAG 2 T 2, UFRH T RIS CiP LU 2 R ) TEAH K
R TRIFEDBE ETE G 2 SBUCEITT BB,  WEEERIMTRIZIEAEY) C u iR Ak £ 2ot
BRE, WEEEEVRIFTE DB TE S AR A R, PRIFREY) C R AT B LR . AR EE E R R
TR ) E YR —, MR RCR IR C IR H B E R R . K3 F A NP
FLAE A 15.41, HEARFFE LI Redfield tb. 7511 Af12 A P R EIE A, NTRAE 2 A LT,
IR S A E 7230 AR A TR A KA R IR0 . e s 0 7 Hd o BL NP LU
FIBTBREI TG ER, 24 NP < 14 B, NOZBREIHEEFRITER, 124 NP> 16 B, P MZRGIMEEFRTOR, £
14 % 16 Z[HIRF, 52 N P ZRGBRMI. 456 brddinl MG g5t K FIRF A K2 N, P 3k
IFi] B ] o

FIHEY R 2 WSS A S AT IS, N FEATEDESEAR. P EES 5B
G HAh— S TR ISR SE S RPN AR A K R ESRE AR, A RE AR
SRFEBE DNA FE3 A i RNA 00 P &R THAFE, XS R R T Ny P IAEOGH:: C &R iEN “&
BRITER” YRR SRR, MBI ARKKE S ERMN. EY0 C. N, P& & [a# % & AH
%, 1M Sy Hy Fe ZIAIFHKMEARE, R SILERS N LR ZIAME 0.01 Zl REMHK, WEHS S5 TE
FUR A e (H R IXFEAREIE M L3R Z A TEEA LR, AP 7RI, REE R 1) Fe Ju 2 nl LLE S f2m
H 5 A KR AR R K /NI C:N:P EL{#[14], Boyd F1 Geider [15]FHF 72 IUE B8 A ik oo & AT AL 3
PRI A UL R & S Hh PR30 23 B 1 A U O, (MR, ATTTSEMR H £ C. N P AL 2T &
ZRHIE .
5. &5ip

AU FEA I X IRF Y Co N Py Su Hy Fe JCERMIAESILSA T B2 R ET ST, KAt
FEE R Redfield EUE & AT BT A48 RkAT 7 XTEC 0 Hr, A FEER T

1) RFIREIEYI TC IR AN Cise0oN15.41S154Hs1 17Fe510P BAFEZ 11 S), 5 Redfield HAE &
AIABEFUAHEL, Cug MRS H o&w IR, Fe mR 2R MIRE R, HRuESEENEHEN
B

2) MR R ARG TR BIG, KPR Y AE K32 Ny P TR IL BRI

3) KT EY) C N P Joim & & L H B AR A aiE sh A &, AHOCIERR, R
VIR AE RN R, Sy Hy Fe JUER =3 Z A U A AL I J0 i 3 AH 5k

EE&ME

[ 5K P75 et 5 9 SRR AL 4 ot X AR B 5 5 /K VIR T D AR TR 57
(2017ZX07101002).
S5 3wk
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