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Abstract; China first country to produce tea, and its artificial cultivation can traced back to 1000 BC. Tea ( Camellia
sinensis) , one of the main economic crops in China, can be grown in the tropical and subtropical provinces. The fibrous
roots are the most active parts of the root system and play important roles in absorbing water and nutrients. Although many
factors (e.g., climatic and topographic conditions, soil properties) significantly influence the growth, turnover and the
storage of nutrients in the fibrous roots, very few studies have investigated the effects of nitrogen fertilization. In this study,
the dynamic changes to biomass and nutrient storage in the fibrous roots of tea plants were investigated in an experimental
plantation that previously received different rates of nitrogen fertilizer [ 0, 285 and 712 kg/( hm’ yr) ] for 5 consecutive
years to elucidate the effect of N fertilization on growth. The fibrous root samples were collected in the summer and autumn

seasons, namely from July 2011 to January 2012, using a soil core. The biomass production of the fibrous roots varied from
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0.34 g/dm’to 0.72 g/dm’and the carbon (C), nitrogen (N), phosphorus (P), potassium (K), and magnesium ( Mg)
storage values were 12.6—25.2 mg/dm’, 4.55—11.2 mg/dm’, 0.47—1.19 mg/dm’, 1.31—4.05 mg/dm’, and 0.30—1.
19 mg/dm’, respectively. Biomass and nutrient storage in the fibrous roots showed bimodal monthly variations, being the
highest in August, 2011 and January, 2012, but relatively low in July and November 2011. Fibrous root growth was initially
promoted by N fertilization, but was inhibited during later stages, which might be explained by an alternative above-ground
growth strategy. Nitrogen fertilization significantly affected the biomass production of fibrous roots, but its effects varied
depending on the month. Biomass production showed an increasing trend in the treatment without N application in July,
August, and October. However, in September the biomass production was relatively higher in the treatment receiving
medium N, and rose with increasing N applications in December. The N application rates did not significantly affect the
total C concentration and contents in fibrous roots. The N concentrations in the fibrous roots were considerably higher in
July, August, and January but lower in September, October, and November,. The C/N ratio was significantly affected by
the level of nitrogen fertilizer. The root C:N ratio was higher in the treatment without N fertilizer than in the other treatments
in July, and in the treatments with N fertilizers in September, October, and November, However, it was lowest in the
treatments with high N fertilizer applications in December and January. Surprisingly, N storage in the fibrous roots was un-
affected by N fertilization rates. Nitrogen fertilization led to decreasing concentrations and storage of P, K, and Mg in
fibrous roots, but the the decreasing tendency was alleviated by a moderate application of N. In conclusion, N fertilization

has significant, but temporally variable effects, on the biomass and nutrient storage in the fibrous roots of C. sinensis.

Key Words: nitrogen fertilizer application rate; biomass; nutrient storage; nutrient concentration
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Table 1 Biomass of fibrous roots sampled during July to January of tea plants supplied with different N application rates

SKAREA Uy ALK N application rate

Sampling month 0 kg/hm® N 285 kg/hm> N 712 kg/hm? N
7 A Jul. 0.46+0.04 be (a) 0.40+0.06bc (a) 0.4120.05b (a)
8 H Aug. 0.72+0.05 a (a) 0.59+0.05a (a) 0.67+0.08a (a)
9 A Sep. 0.46+0.05 be (a) 0.57+0.06 a (a) 0.52+0.06ab (a)
10 A Oct. 0.56+0.06 b (a) 0.48+0.06 abc (a) 0.5+0.05ab (a)
11 H Nov. 0.4020.04 ¢ (a) 0.34x0.03 ¢ (a) 0.4020.04b (a)
12 A Dec. 0.5120.04 be (a) 0.60+0.06 a (a) 0.64+0.06 a (a)

BAE ] A Jan. 0.61+0.06 ab (a) 0.55+0.05 ab (a) 0.66+0.08 a (a)

TP BAESE means+SE , A [F] FREAE [R]— ALK R [R A 43 18] 22 5 5 25 (P<0.05) , () WA IR T2 B8 [l —RARE H 0 AR TRl ZUIE K8 25 A8
BE(P>0.05),

K2 FRRBRFARERNEZHFESTER(PE)

Table 2 ANOVA results ( P-value) of nutrient concentrations in fibrous roots of tea plants supplied varied N rates

b " Bk B2 HHZ N Wk BRI 23791
Treatment C conc. N conc. P conc. K conc. Mg conc.
ALK N application rate 2 0.460 0.078 0.182 <0.001 <0.001 <0.001
KAt H 4 Sampling month 6 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
=i . D7 \

SURACE:  RAEH B 12 0.157 <0.001 0.004 <0.001 <0.001 <0.001

N application rate * Sampling month
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Fig. 2 Monthly change of nutrient concentrations in fibrous roots of tea plants supplied with different N application rates
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Table 3 ANOVA results ( P-value) of nutrient storage in fibrous roots of tea plants supplied varied N rates

b B " Tt it Ak Wit P Pefti
Treatment C content N content P content K content Mg content
FEKF- N application rate 2 0.428 0.147 0.001 0.007 0.009
KA H A% Sampling month 6 <0.001 <0.001 <0.001 <0.001 <0.001
RNEAK- =+ SRAEH >

12 0.757 0.74 0.117 0.060 0.008

Application rate * Sampling month

PSR Btk SR B B B R 3 AN R FH K B B AR A A A 5] 3 B
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Fig. 3 Monthly change of nutrient storage in fibrous roots of tea plants supplied with different N application rates

SERBIATERRE) 7 A 245 1 H 7 A H 0 b U0 2 X W SO A i 2 P 52 M 247 A 3K B 35 25 57 /K- L )
T4y A By IE BT 22 SRS, I 8 A JitiFH 285 kg/hm®N IFRRA% A FAAR A a3 3 S EUIE G 7K SR Wi
HRB At 12 (4 H 3 ) AR Ak B A IR — B0, Eopug A Hodh 7 H 3 8 A Jein, 8 AJEREAR, 2= 11 ARBIERMEE
SN, BITE 8 H FRAR 1 H PN IEAE OBt X I SR B s £ ) 0y RD AR FR i B2 i) 2 224E 8 A oy, BD
it P 2 EUIR S, 8 H WIS A, AT 207 H .8 AR 9 H [R] 9 22 55 5 AN it U0 A B i FH K i RUIE
/1N,

S BT UG 1t A 45 R SR T | B O AR K A T 1A T T 1% 2% 5—6 AR R Rl AU it A i b 28 (H 2008
Ab BRI ARNT 2 H Ay WSO AU 7 A i S e (AT A R AR T 7 A —84E 1 A 7 A A AN TR BUIE it FH 7K P[]
AN 2 AR P>0.05)  WRSCHR (it 2 ) 00 [0 19 728 £k e 3 5 WOBOHR 2 0 it R ik i i — 30, SRy LU 7Y
AR A5 BRAE 8 HORIZBAE 1 )7 AR 11 H SR AU R . AU AR BT WSO & it i 3 ] A2 R 1Y

http ; //www.ecologica.cn



2 4 M A5 UL SRk 2R WSO A A SR 0 i B S

N |

SN EERIAE T HE 9 AW, AR EUCRAR 1 8 A MR A ik, N8 7 A 2= 9 H W22 5 18 i
26/ IR A I W SORR AR e SRR A i TR AZ

FETE KPR M FR 23R A H 03 WSO i R i, it T RIS AR T 25 I AR 7 A .8 H I 10 A i
fiff b LK 7 R 8 BBt o 455 ISR A W i R R BE 2 SRR T i b 22 S S ol WSO A oy 3 o
WL RIVERI T SRR o SR SRR B8 1 fift k52 ZURC T P 7K P B R 0 )t 0 B0 — 50, ATl AL el i AR 5 £t
SR (E U AL B X B Ao AR S M B R ARG, T TR A M AR e 90 R B i H Oy Tl AL R B 7 =
8 A JcHI S AR, 2 11 AJSIFaR T, BIA 4 (6] A8 L3R B XU R | Wi 73 531t BR7E 8 A MIZAE 1 A7 A
T A 8K, SRR AR — 2 b P A5 TR RUIE IS, 8 F B B0 RN B it H T AR ARG, 9 2 2 A W WAOAR Wl |
PR R A= A Gy )AL

3 Fit5iTie

3.1 ASBEIRR A i AR Ak

HARSEA PSR A FUOK 3 B A & (LBt ) Sor e f AU 820 BEE 254 A
P BHR R R A S gAY R AR AT RA Y AR A 1 AR R I L 2 A1
{8, R Z M BAE R R A MR sk " BRI R K AT RS R R E T Sk T R (N
IR ) Fes KA AL 78 2 (T 138 4 it A A RE e A= 43, it i — A2 K Z Y e A7 Bk fb &
e Se b R R ) A 2 AR E A R RIS IR 7E 8 H RIZBLAE 1 H B A X 5 T
NWFFEEERIEA 2,7 A% 8 A A0, N Hh DX Ab T e R0 52 fe o 7™ i B 0T L Ao 25 - 358 4 A K 32 )
IV, ZAR SRy IO o Yk T A 3B A I SR A Py i R 4 S 3R A R RE D o RIS 25 R R B A
it FH AL RERE MK 8 IR SRR A6 4t TN it o R AL, 14— 20 3R W T MG 1) 11 300 T R 55 AT o 3 Wi
W 2552504 5, 11 F e Hi 3B AORBR T, W SR A 4 06 BR, PR BEAE 28248 1 ) Pk s BRI, (RIS, A
FE4E S H ) A8 RSRR AR e 7 A 11 3ReAIK

A S X AR A e A AR, Albaugh 45 X Jb SE IR A X K AE AR Pinus taeda A T AR AL
WFEE , S PG A 5 2R A i I MR 45 220 o 7 I bRt A 6 26 1, i A 5 AR I T T AR B9 2
Witg, TAr A HARTE M Larix kaempferi A TG ACAF 75 2 A , it ZUIE k2 AR AN AR 2B ik, TI%
P H AR R BRI R R B A, AR FR AR A S, AR AR X - g K Il 7 ) sk 2 KRB
F R PIR R B AR E I S BHAR AR R K AR RRBOK /32 2006, (0 A S R i
RGN ERDUE | L VTFEIRRAE Y B2 S TAAGHE, AR50 55 R R 5 FA R ZAEAL ) 45 e
WSOR A= Wi A 7 ) 2 284E 1 A 2R R (R SR ZUIE AL BRI A 0 35 22 S BIOSOAR A= ) 1 A
A H AWLE AR — A, X AMEAS 32 I it FH 04 52 M0, 105 20 it FE T W SO R A 9 11 3 il = LR IRLTE
e Ay RIS AE AL, A3k 1 s SRR FH AT T 28RS 7 7 2838245 1 3 AR T 053 ] P AR A A7 A 2
St HP 8 HZE9 AR 10 2 11 H  ARHEIEALHE (0 kg/hm® N) AR IO A= 4 o Il 35 FaeARG il it JES A
(285 kg/hm®N 1712 kg/hm* N)) W ISR A= 9y 2 15 A8 Ak, BIVRUIE itk A 75 DA AR A T S Ach JEE /0 1 R AU AR A5
DMARE, 11 HZE 12 A RiEIEE A i A 2284k i Al i > b 3 SOR A= P o 253, i 7 H &8
HOAZ10H 1221 A, =AM AREICLIET A Gy, g —nsk e 25, 4582005
Uit FHER (B FSRAER R ,9 H 11 H A 12 3 $E4 7 RAEI I 25 1 — vk i it AR st [|] 249 8 30 d .20 d AT 50 d, i 8
H .10 .1 A2 80 d.60 d F180 d, LA 145 53R B UL jiti FHRT IR MSCAR 73 1] A5 A rry s i 5 R0 itk P 81 255 el
AR ) A X, — s BsF T3 T P 2Rt X R S AR A4 i 348 ke 38 D, S MES it FH e i) -5 A AR A K 1y EL ARk
N R — DT
3.2 AR S SR vl B RN i e P AR Ak

MY H LR S i 55500 0 BREUE RIS AMILARE T LI R e 0 H AT AR IR ISR 77 43 BB AR

http ; //www.ecologica.cn



8 S % 36 &

AT B e AR b 0T S2 8 A5 B AL X H AR A 2% SR PP e e 2 AT 835 52 IR, X R AR e e
FE SRR /N XA GAIAR C/N UM 8357 DG TR I A5 3 W1, o vk 3 4% 0 ZR0 IS 2 i 53 AR 2 e 8L 1) TG
kg 1> ABA S AT AE X AR 2R 35 40 B A BB AR T, =208 BH A5 B A5 AR S L0 A7 36 i 1Y
ik , T ELBERE B B A% B v R A AR 2 A AR ] PR X L A AR P AT 3 20 L, AR X
AT AR R A RV ) W, ELROR A kR im0 AR 45 SR 3 W1 UM e P ) 255 A W A AR
Rl 5 AN A F5E G Sk & 52

AP g TR AR B ZAF A i 2 BE AT, HoR AR IR A AE 77 3, iAo A el >R A i 1 2 3 38 07 5K,
AR AL 7 3T B B 2B SR T FE A S AT, T 60t P e A0 2 B A 2R R R SR AT 20 Ui
JH, PR IH SRSt Ao W AR R 3R TR R B S i B O B2 2% - A S48 SRR Tt P SRIE R AR 13820 H 13 2K 1l
WA R e I RIAE £ e FEE R, o W MAC AR SR o D S B i, TR SRR ik B2 52 RUIE AT FISRAE A 433 52 ELARE
FIRZ MRV ER, ANl 2R A sk IS MR SO e J3E 52 UMK S 52 PRLAS () H 3 i 5 445 6 SRR it T I ) iR 47
M, WSO AR SRR 38 32 N K P 2 ML AN [R] H 5 6] 2 B0 H A 22 5 mT e v ROt P 2023 el 5 S g — 1 S S0 40 o)
RO, HLK AR BEE R FH A e] A S T2 . 4 9 A AT 11 A SRAE IS | — AUt Ff 1 24 30 d
120 d, A IR ACHR ZR0 0 2 49 S AN M Ak L MR AR e B8 A o, T e A A e 1) ) R AT SR AR 9 7 H
1 H (B EREAEHEFHZ 50 d F1 80 d) Jiti FH AL ok 2 B IR SO R B v

ANT) H 53 18] 2 B MR 57 3o 2 RV B () A7 AR R 25 5, A 45 SR SR W 2R B SOAR 5% 2 i H 73 1]
AL R 2, SRV W A 8 A RIZELAE 1 7 AN 11 A &SR i s i8R, Hakgn g
R 25 PR RACAEEE T, 8 A WSOR A5 57 20 (i fif AT BT A, B0 B 2 3 20 WA (sl 3, DA T
G& T 2R WO IR i i AR 04 H 4 (a1 224

52 3L HR ( References)

[ 1] AR AR A ). 2012 4F 4 [ 2R P TR 7 a2 PG R A%, 2013,33(3) :267-267.

[2] BRSSE, BI% b 2R . 19 . SCfe Rk, 2013.

[3] VogtK A, Publicover D A, Bloomfield J, Perez J M, Vogt D I, Silver W L. Belowground responses as indicators of environmental change.
Environmental and Experimental Botany, 1993, 33(1): 189-205.

[4] DA, KEZ. #ARMREZEICOUSIEE. hELZE, 2008, 24(5) : 143-147.

[5] O, ®ES, B, JFIE, 36, BEA, Moot FeT ik i 0 e o Sr e it bR AR 25 (6] 28 5 5 BORE B0 Al i, A= 32
%, 2013, 33(18): 5636-5643.

[6] WM. ZSRHEnE. Juat. b AL, 2008, 63-65.

[ 7] Cloughley J B. Effects of harvesting policy and nitrogen application rates on the production of tea in Central Africa. II. Quality and total value of the
crop. Experimental Agriculture, 1983, 19(1) ; 47-54.

[ 8] Kamau D M, Spiertz ] H J, Oenema O, Owuor P O. Productivity and nitrogen use of tea plantations in relation to age and genotype. Field Crops
Research, 2008, 108(1) : 60-70.

[9] Owuor P O, Odhiambo H O. Response of some black tea quality parameters to nitrogen fertiliser rates and plucking frequencies. Journal of the
Science of Food and Agriculture, 1994, 66(4) : 555-561.

[10] RuanJ , Haerdter R, Gerendas J. Impact of nitrogen supply on carbon/nitrogen allocation: a case study on amino acids and catechins in green tea
[ Camellia sinensis (L.) O. Kuntze]plants * . Plant Biology, 2010, 12(5) : 724-734.

(117 AfIs%e, SESCHe, BRI, 2SR ERESNE TR0 AP H) 22 5 T - ZUIAEASH 5l 8] 04 A FR A S s itA2, 1991, (1) 11-18.

[12] Han WY, MaLF, Shi Y Z, Ruan J Y, Kemmitt S J. Nitrogen release dynamics and transformation of slow release fertiliser products and their
effects on tea yield and quality. Journal of the Science of Food and Agriculture, 2008, 88(5) : 839-846.

[13] Ruan], Gerendds J, Hirdter R, Sattelmacher B. Effect of nitrogen form and root-zone pH on growth and nitrogen uptake of tea ( Camellia sinensis)
plants. Annals of Botany, 2007, 99(2) : 301-310.

[14] Canham C A, Froend R H, Stock W D, Davies. Dynamics of phreatophyte root growth relative to a seasonally fluctuating water table in a
Mediterranean—type environment. Oecologia, 2012, 170(4) : 909-916.

[15]  FOL%, SR, FISCE, MR &5, SR TR A Zh 28 4. Rl BHER A2 FAABIEERR, 2008, 28(4) : 118-122.

http ; //www.ecologica.cn



M A5 UL SRk 2R WSO A A SR 0 i B S 9

[19]

[20]

B, BEEE, KA, SR, AR, RSB PR S AARLE i S A RAE B B A RAUMlk K2, 2011, 39(5) ¢ 36-39.
Yang LY, Wu S T, Zhang L B. Fine root biomass dynamics and carbon storage along a successional gradient in Changbai Mountains, China.
Forestry, 2010, 83(4): 379-387.

FEAHT, WEARDS, 20, WIS R, RN, SN o b L A TR AR A A 25 R AR A AR B SR A . N AR SR, 2010, 21
(8): 1926-1932.

Lopez B, Sabaté S, Gracia C A. Annual and seasonal changes in fine root biomass of a Quercus ilex L. forest. Plant and Soil, 2001, 230(1) :
125-134.

Makkonen K, Helmisaari H S. Seasonal and yearly variations of fine—root biomass and necromass in a Scots pine ( Pinus sylvestris L.) stand. Forest
Ecology and Management, 1998, 102(2) : 283-290.

Albaugh T J, Allen H L, Dougherty P M, Kress L. W,King J S. Leaf area and above-and belowground growth responses of loblolly pine to nutrient
and water additions. Forest Science, 1998, 44(2): 317-328.

MEFT, EEAL, ST, T8, AL A AL A i CARANAR A 7= RS B A 2. AR 28272835, 2008, 27(10) : 1663-1668.

Far . MEREXS HA G HAAAIARE S FHIE KSR 0 3 i 52 [ D). K3 ALl R, 2006.

FEHEHE. LHORI XM RBHALRERI IR, P EZRH, 1992, (4): 10-13.

T, WER, SKOTRK, AR, WESC AEIGAL TR BT A L O R IR R A R . A2, 2011, 31(001) ; 98-106.
P, BRI, S, BV, BRaREE. RUKPXIMEAR RS AR RIS A R . 1, 2013, 45(1) : 34-40.

Farb, TR, REA, sKIK, sk/MMG, L. BN XT H A 7% -4 A (5 AR R 40 AR 3% 0 ik BZ AR IR 7 2 252441, 2009, 20(4)
747-753.

Rothstein D E, Zak D R, Pregitzer K S, Curtis P S. Kinetics of nitrogen uptake by Populus tremuloides in relation to atmospheric CO, and soil
nitrogen availability. Tree Physiology, 2000, 20(4) : 265-270.

FEIHEH, s, skl SREE. AR FR N TR 7 W AR AR B A i 5. ARl B2 05, 2009, 22(3) : 385-389.

WKEE, BZ, &K, FABRE, FOV. HEXAG 3 AFIRYHAR R AT MABCRIEZN. 428740, 2013, 33(12) : 3611-3621.

http ; //www.ecologica.cn



