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Effects of the fertilization applications on tea( Camellia sinensis (L. ) Kuntze)

photosynthesis and the diurnal variation of the eco-physiological factors
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Abstract; Tea ( Camellia sinensis (L. ) Kuntze) is one type of important cash plantsand widely cultivated in the hilly areas
of subtropical region of south China. The diumnal variations of net photosynthetic rate ( Pn) of tea and its eco-physiological
factors were studied with Fuyunzaohao(a tea cultivar) as well as the effects of 7 different fertilization applications on them
by using a set of field experiments in Dongxishan tea farmin Baili Chalang (113°19’E ,28°33'Nat an elevation of 135m).
The diurnal variation of Pn showed two peaks under fine weather conditions, which indicated that there was an obvious
phenomenon of midday-depression while the eco-physiological factors exhibited some influence on it. Photosynthetic active
radiation ( PAR), air temperature ( 71) and concentration of CO,of air ( Ca) were dominant factors in field ecosystem,

while transpirationrate ( 7rl ), stomatal conductance ( Gs) and concentration of CO, in cells ( Ci) were dominant
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physiological factors. The regression and path coefficient indicated that ecological factors, especiallylight and temperature,
had the greatest influence on Pn, however, the fertilization applications had little effects on those relatively stable climate
factors such as PAR, Tl, Ta and RH. Application organic fertilizer including 100% , 75% , 50% and 25% of full amount
of organic material resulted in obvious increase of 7rl, Gs and diurnal Pn, the tea plants absorbed and consumed more CO,
in comparison with the application of chemical fertilizer, intercropping white clover without fertilization and no fertilization
treatments. The clustering analysis of Pn and its 8 main eco-physiological factors suggested that the capability of
photosynthesis among the treatments could be divided into 4 groups, e.g. application of 100% and 75% organic fertilizer
were on the top class with strongest ability followed by 50% and 25% organic fertilizertreatments, chemical fertilizer and

intercropping white clover without fertilization were the next group, and no fertiliztion was the lowest.
Key Words: tea; fertilization application; photosynthesis; diurnal variation
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Table 1 Analysiswith the principalcomponents of eco-physiological factors in diurnal variation of tea photosynthesis
A2 F Ecological factors H:FHF Physiological factors

B|1ERS  HBEla  HB3IERS SRR B/1ERSY 2 E8H SRR

TiH Item e e e e o
1st principal ~ 2nd principal ~ 3rd principal 1st principal 2nd principal
Resources Resources
component component component component component

4$4E{E Eigenvalue(\) 3.1176 1.1246 0.5367 2.9229 0.8587

FER Cumulant()\) 62.35 84.84 95.58 73.07 94.54

& 0.5278 0.2836 0.0842 PAR 0.2975 0.9283 Tl

Eigenvector 0.5217 0.0979 -0.3507 Ta 0.5435 -0.3513 Gs
0. 3933 -0.3847 0. 8061 Tl 0. 5699 -0. 0410 Trl
-0.5196 -0. 1634 0.2182 Ca -0. 5398 0.1147 G
-0. 1567 0. 8575 0.4154 RH

2.1.2 FRMEIT

VEA AN \x7ﬂ] xgﬁ'fl“’f’%% PAR .RH.Ca Trl.Gs Ci Ta F1 TI % 8 /l\ﬁ'ﬁé*.‘i?&ifilﬁ?, I y R
& Pn T 2R EIH, FREW, 1. Trl. Ta ., PAR 5 Pn HHEEWHRRET (R 2) , HMEX A0 58
0. 7546.,0. 7528 ,0. 7146 #10.7467 , 5 E Mo/ M4 REA—F(TI BRRAESE T, XREHE T, £ X B>
SRR T AT, B ZR T W) , EfHEZ RN AR R BREE, HXREE, ' PAR. Ta
T E SR E T, Trl & PAR . Ta M1 TI ZFSLFMER B ZR, RIDGIEE T AW E B $653E R &
Ko H—BHTEEMT, GREW (R 3) , WE M H b SRR ERERBRE Y RETL A Ta, ¥R E
SHET, HPEWNMEERE T, H RE ZEi 77(0. 6157) 1 Ta(0. 4060) BRI H T EEIEM T Pn, Ta T
HEZ IR AR i Ok, H-5 PAR B RERIE 0. 7954 M10.9194 (3R 2) , RAEYT . W, £ R

hitp : //www. ecologica. cn



15 B % HAEEHIXIIRN (Camellia sinensis (L. ) Kuntze) 3t fER R EA AR T H LA 87

IRt SRR HARUKEZE T A SETRAECER THEMARK. B3R 2 BWAH, PAR M 11,
Ta #1 Trl XA H OIS, W HEEFHRWEE/D, Te H3 PAR B0, T BE3% PAR WM, X3 Ta HI%
WA, Trl Br COWERT4h, 5HE 6 METFHXRRNEY,RE 5HANETHEAMX, K5 Ta 11,11 &
Y, 6s RE Trl.Ca 15 G ZAHRRAE, ENSHMETZ B XRA K,

R2 FRESRLEEERSEEEESETFHEXRAY
Table 2 Correlative coefficients of diurnal Pn and its eco-physiological factors of tea

%y X X3 X4 X5 %6 %7 X8 ¥y
% 1. 0000 0. 0000 0.0348 0.0000 0.0002 0.0053 0.0000 0. 0000 0. 0000
% -0.6405 1. 0000 0.0005 0.0000 0.0000 0.0006 0.0000 0. 0000 0. 0000
%3 0.2827 -0.4519 1.0000 0.0138 0.0275 0.0000 0.0048 0.0353 0.0036
x4 0.7927 -0.8431 0.3274 1.0000 0.0000 0.0019 0.0000 0. 0000 0. 0000
x5 0.4747 -0.6470 0.2947 0.8281 1. 0000 0.0004 0.0000 0. 0000 0. 0000
%6 0.3674 -0.4471 0.7852 0.4055 0.4575 1. 0000 0.0011 0.0052 0. 0002
% 0.7954 -0.9401 0.3719 0.9169 0.6843 0.4257 1.0000 0. 0000 0. 0000
Xg 0.9194 -0.8187 0.2820 0.8864 0.5666 0.3683 0.9414 1. 0000 0. 0000
¥y 0.7467 -0.5596 0.3826 0.7528 0.6577 0.4861 0.7146 0.7546 1. 0000

ETARMEERE,AELANBEKTFE The foot left comer represented correlative coefficients and the top right corner represented significant

levels

£3 FHARLAEREEASEFEERBAN
Table 3 Path coefficient analysis of eco-physiological factors of tea diurnal Pn

YEREF BEREER i % i =, B x, B % BT x5 B x6 bue SIS g
Factors Direct action  Through x;  Through x,  Through x;  Through x,  Through x5  Through x;  Through =, Through xg
% 0.0855 -0.5000 0.0733 -0.1659 0.2337 -0.0015 0. 4060 0.6157
% 0. 7806 -0.0547 -0.1172 0.1765 -0.3185 0.0019 —-0.4798 —-0.5482
%3 0.2593 0.0242 -0.3528 -0.0685 0.1451 -0.0033 0.1898 0.1888
x4 -0.2093 0.0678 -0.6581 0.0849 0.4077 -0.0017 0.4680 0.5936
x5 0.4923 0. 0406 -0.5050 0.0764 -0.1733 -0.0019 0.3493 0.3794
X6 -0.0042 0.0314 -0.3490 0.2036 -0.0849 0.2252 0.2173 0. 2466
2 0.5104 0. 0680 -0.7338 0.0964 -0.1919 0.3369 -0.0018 0. 6304
xg 0. 6696 0.0786 -0.6391 0.0731 -0.1855 0.2789 -0.0015 0.4805

2.2 GBS ZERNEOL A EE H AR LR

& 1T, BRFERE R (9 BH),7 FARMEIES 7
FZER H B AR B &AM, 2R — R RE RN
MR, FEARF T % .8:00 ~ 11.00 ¥ A& T},
11:00 ik & KEm, R 5 T FE,12:00 H BE—NEA,
RAWNBHTIR UL, ARG XNEH EF,13:00 HEE
FoAEE,Z )G NEL T HE,18:00 H 30 SKAEK
Zo TRAFIMEE SR AR H AN BRI 0800 1000 1200 1400 1600 1800
BEHNT,> T,> T,> Ty> Ts> Tg> T,, H Dancan’s Al Time
ZE BT A(EK 4) , SATEALERM BRI S
F (T, TR T,) HE 75% 71 100% MFTA USRI 1yt oty e ot
H g A B BN ,25% MERAPUIE B EE I, T:100% BHUE; T, . 75% HHUE; Ts :50% HHLAE; T, . 25% Al
S0% BB SEMALE 2SR B EEHET et o
PR AMEAES T, 2 AL IE R B ER =M 5 + AMEAER  fortilizer; T, : Appliction of 50% orgar,liczf‘erti]izer;T“ Application of
ERRBE BEEEFARMGIEIHR, Jig i BB 25% organic fertilizer;T, ; Appilication of pure chemical fortilizer; T
(T1 N Ts) E‘J H @ ﬁ'f: % :‘LE $ %IS & a8 %% ﬂ:‘ X\.ﬁﬁ HB %? Wo Appilication of no fertilizer and intercropping white clover between tea

bushes rows;T; : Application no fertilizer; the same below
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B I, AR XTSRS H b A R B A 8 R, A PR Bt R RCR tealiftafb IR 4, R 2L 75% F1 100% Jita F
AVERRREE, 24 A5) BESHWMNEN HEb R BN T M SHKEEA B HZLEEKS
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2.3 RSN EMEEERAEEASE T H ALK m

FREEERE KR EAEIASE 71 H AR, #kZH PAR Ta T1.Ca Ci ¥ K FEZ,RH,
Trl,Gs /N FHEF(BHMH T REESE ™), AT URBHOCAHENE N E, Shaa MRS
HRE . EREEMEESERTFHENRE, ZERSHWEZMB/N(F4) , BILELTEBIKEE 50%
FERAVEEREZR T AR, B 2 TR A REEN SERRE W EHRERTMEX, =&
B9 H AR AL B R EE AR —3, M 800 A2 B AT B FH,12.:00 BB RGBT T B, EARMN KIS, ZKXEESE
B B S PAR MR, BB V7 FRIM 2 (B 2),8:00 &, fEE PAR 1 Ta AR 2B TR,
12:005/, Z J5BEE PAR F1 Ta ) PREMZ TR . HE 3 WA, BRI BB RENSILFEN B BALHLS
HFEEREA—I, 7T GRS HREERERET, > T,> T, > Tg> T, > Ty > T,HZBLBEH,T, ~THH
HEREHBERTABESM(F4) ,T,.T, ~TZEMZRARE B T, BE R T AT A EE
W R BE R T RGBSR 7 HEESHNSILRERT,> T,> T, > T, > Te> T, > T, K aEES,
Her 4 FEYUERME A BE R T A BN AHAEZR, T, T, T, A8 TR EBEKFE, At ER T
R A = + RS, ZIM7ERTE AR RIK CO, , e A ERK, CO, THFEE M , Hvk B dE,
B CO, MBI H ZBAL R AR P AH R (I 4) ,10:00 LA EE K, CO, K E K, 12:00 Ht 4=
/)N, PR E R, CO MR B B, 15:00 J& , o A B EE AR IR 58 B B8/, B 8 B E RS, CO I E & 8T
P, 2R COVEE (Ca) BE R TFHEE COYESE , — & HABM AR A, BTABERNEIEEIERDN, B
b CO MBS, WK BEDT HAML 6 MGIELSH . 100% F175% it A HUIER CO, ¥k & ( Ca F Ci) BEK
FHAMEE M , & BE KT AR 2 FEAERESEW, T, ~ T ZRZRABE (WK 4)
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Fig.2 Diurnal variation of PAR, RH, Ta and 7! in the treatment of application of 50% organic fertilizer
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Fig.3 Diurnal variation of tea Trl and Gs under different treatments
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F4 FEBRERZERBREEEER EEARET Duncan’s ZBLLB A7
Table 4 Duncan’s range test of diurnal Pn and its eco-physiological factors of tea under different treatments
Pn PAR Ta T Trl Gs RH Ca Ci
T, 4.02ABab  1005.7 Aa 30.4Aa 30.9Aa 1.86ABab 91.3Aa 57.9Aa 324.3Dc 321.7Dd
T, 4.29Aa 1002.4Aa 30.6Aa 30.6Aa 2.15Aa 91.8Aa 57.2Aa 327.1CDc 325.1CDc
T, 3.64BCDbc 1008.8 Aa 30.4Aa 30.3Aa 1.65Bb 88.9ABab  57.1Aa 330.5BCb 328.7BCb
T, 3.74ABCb  1027.7 Aa 30.1Aa 30.3Aa 1.88ABab 92.1Aa 57.2Aa 331.3BCb 328.9BCb
Ts 3.25CDcd 981.5 Aa 30.0Aa 30.5Aa 1.53BCb 81.9Bc 57.2Aa 332.4Bb 330.5Bb
Ty 3.08DEd 1006.6 Aa 30.2Aa 30.4Aa 1.72ABb 84.4ABbc  56.5Aa 330.3BCb 330.1Bb
T, 2.59Ee 981.3 Aa 29.9Aa 30.4Aa 1.10Cc 71.3Cd 58.2Aa 336.6Aa 335.2Aa
—a— T4
o g
2 E
& S
el =
S 3
= =
= 290 1 1 ! ! ! 1 ! 1 ! ] T 290 L L | L | 1 | | |
08:00  10:00 12:00 1400 16:00  18:00 08:00  10:00  12:00 14:00 16:00
B 18] Time Bf ] Time
B4 AFEMEELIEINEEMZES CO%E AL
Fig.4 Diurmnal variation of tea Ci and Ca under different treatments
2.4 7 MGIESARR LS REREST "—
LA Pn 1 PAR .RH .Ca . Trl.Gs.Ci \Ta Tl % 8 A~AE3 [y P —
g
AR T AR BT AR B R AL B, R TR 22 F O Al BE T ]
g — . - S T4
EHATRERE S FraRiRbRE, AR T 7 #AR 52 s
N
TSR EDCBER T 208 4 8.5 —205 100% £ 16 —
. o
M 75% M A PUIE; 55 —262% 50% 1 25% M A HUIE ; T7
| | | | |
=AML IEME/E R =M + RHEAE; 5K 0 057 114 17 227 28

AR -

3 gwSite

3.1 EAHMIRS A REME COMERKR
ABRGNEFE T, RBEER, TILFEANIA CO,
B RATERG M FET , VHRS A B Tt

B P Euclidean distance

B 5 ARMEESHZERLS RARKITE
Fig. 5  Clustering analysis of tea photosynthesis under different

treatments

SET, A RY A ROES 2 REE HEMREER SN it BRI X RARET, XA
%% 0.7146 ~0. 7546 , #t— 2 #tAT RS HT A, Ta  TU 1 RH ZEZ0 8 S1E ) H AU ROTE 24 AR B 1
b T EBMA, RERR R Y, (BRI A7, 0T BHRE , DL S5 I8t SR RUR SRR 2 T
HEHHE T, SRR WU B , RIEE SR ROR ST AN SR, AT Rt e E R, X 5hed
H NP —3 . 22K CO WK IE MM CO, KR MRBIZAEA R 2 MBEEMASAEME T, Hoh
COMBRRT =R, CO I, - R, CO MBI ARROCE B A BURHIE A, RE B R . W SR
P AIEHEA PUEA BT 4R BRI G R, R Y B AR BOMBE T L3RG i L34, ek

2R COMKE

3.2 ZMEOEEER H BN R — R KRS, RAWBH PR BR . RROCEIERK 8 M
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BUAESETFHHXRANE  LRBNET BB EMER, Kot AE R0 S RE M mEEK B2
L2 2 RPN IR, 12.00 BBRK, SSHINEE EFHER, ERMNEK V7 Hlg, A5 HERF
B AR, BB ERNSILTER H AL SE A B R M, 2 SANEE CO, W H AL IEFHR , A
7E 1500 LUJS , e AV PRI R BE AL FARR PRI , CO, ¥ B H L& fa T P28

3.3 7 FEESS M RIRNEOL AR H AL R A — 5, BB AR, RADHFIRFE N T,> T, > T,
> Ty> T > Te> T, ,4 A HUEBIEZMEG H §6A E R0 B A T 4iMi L AE A 2 FhRIGRE S5 H, Hod 100%
M75% MEREPIERE T 8K, SHMEHIERMN 2 FARMESHAE L, 4 FEPUERE A B REEET
HERE SSREMEESSEEFENE N ERAEE, BESK B SRS TREEEMSLSE, 1
W I VU BRIRRS COMKIED  RRR i1 T 4 Fa DR BEME S B 6 A /R A3, B4 #EH CO I8 B KT
WAV BA CO M E , Has SAMIA CO, ¥ B ¥/ T Al Mitb e 2 MR ML Z5RE, 34053 T BEK
B, BAHERTHREABR, 50 AR BMEROEAERN 8 AT EASEME T RIS TR
KO, T T MRS SR B SRR RL S 4 2K, BARER 4 FrA PR B2 R T 2G40 e f0
PR =B + R, SR AR = M B+ RHEAESE TR R MR, Hd 100% 1 75% i i 4
DU B R BT , W AR ZOR R S B o AT R TR,
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