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Effects of environment factors on photosynthesis and transpiration characters of Capsicum
Annuum 70U Xue-xiao, MA Yan-qing, ZHANG Zhu-qing, CHEN Wen-chao, LIU Rong-yun, DAI
Xiong-ze (National Research and Extension Center of New Pepper Variety Technology, Hu'nan Academy
of Agricultural Sciences, Changsha 410125, China) , J. Plant Resour. & Environ. 2005, 14(4) . 15 -
20 :

Abstract: The effects of environment factors on photosynthesis and transpiration characters of Capsicum
annuum Linn. were studied by using the grey relational analysis. The results indicated that under strong
light the order of effects of environment factors on the net photosynthesis rate was relative humidity , CO,
concentration, temperature, light intensity, stomatal conductance successively. The net photosynthesis
rate has the significant negative correlation with relative humidity or leaf temperature and the significant
positive correlation with CO, concentration. The transpiration rate has the significant positive correlation
with air temperature but the significant negative correlation with relative humidity. The water utilization
efficiency has the significant positive correlation with relative humidity but the significant negative
correlation with temperature. Under weak light the order of effects of the environment factors on the net
photosynthesis rate was light intensity, temperature, relative humidity, CO, concentration successively.
The net photosynthesis rate has the significant positive correlation with light intensity and CO,
concentration and the significant negative correlation with relative humidity. The results show that it's
very useful to increase net photosynthesis rate and yield of C. annuum under strong light with proper
shading, irrigating and increasing CO, concentration or under weak light with ventilating, heating,
reducing shading and relative humidity.

Key words: Capsicum annuum Linn, ; net photosynthesis rale; transpiration rate; environment factor;
grey relational analysis
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Table 1 Grey relational analysis of photosynthesis and transpiration characters of Capsicum annuum Linn. with environment factors under

strong light" \
L EHE R KRR R

Net photosynthesis rate Transpiration rate Water utilization efficiency
B KIEAK P32 KERE RELFF KRR RIKF
Parameter Association Correlation Association Correlation Association Correlation

coefficient order coefficient order coefficient order
0.5 0.1 0.3 0.5 0.5 0.1 0.3 0.5 0.5 0.1 0.3 0.5

PAR 0.770 4 8 8 8 0.642 2 7 7 7 0.664 1 8 8 8
RHin 0.788 1 2 2 2 0.6212 9 9 9 0.704 5 1 1 1
RHout 0.788 9 1 1 1 0.624 3 8 8 8 0.703 5 2 2 2
CO,in 0.786 2 3 3 3 0.658 1 6 6 6 0.690 8 3 3 3
CO, out 0.784 4 5 5 S 0.658 7 4 4 3 0.689 3 5 5 6
Sc 0.729 1 9 9 9 0.864 8 1 1 1 0.622 4 9 9 9
Int. CO, 0.7855 4 4 4 0.658 3 5 5 4 0.690 2 4 4 4
Ta 0.783 1 6 6 6 0.659 2 3 2 2 0.689 2 6 7 7
Tl 0.779 0 7 7 7 0.658 1 2 3 6 0.689 7 7 6 5

DPAR: & ¥MES Photosynthesis available radiation; RHin: i#S [T % 3E& Relative humidity in leaf; RHout; @M% 5 H SRS A 594
YHHEFE Relative humidity out leaf; CO,in: 4 0 # CO, ¥ CO, concentration in leaf; CO,out: it M 25 /5 H B S4E 1 CO, ¥ CO,
concentration out leaf; Sc: FLZF Stomatal conductance; Int. CO, : 5] CO, ¥k Intercellular CO, concentration; Ta: 25 P By FR 5 FER]

SR Air temperature; Tl: & Leaf temperature.

#2 BEXETHRMEERERSME SKEEFHELHHHY

Table 2 Correlation analysis of photosynthesis and transpiration characters of Capsicum annuum Linn. with environment factors under strong

light!}
AICRHE 23 TS Tk Ay F R

P Net photosynthesis rate Transpiration rate Water utilization efficiency
Parameter  FIEHIERHK TRAR R E [LEXiEEY ¢ WHIE R [LLEES I R 5

Simple correlation Partial correlation Simple correlation Partial correlation Simple correlation Partial correlation

coefficient coefficient coefficient coefficient coefficient coefficient

PAR -0.1316 -0.1333 0.1251 0.184 0 0.009 0 0.0526
RHin 0.059 9 -0.3777 % -0.6251 % = -0.167 2 0.509 1 % * 0.1479
RHout 0.084 7 0.394 0 = -0.571 1% =* 0.1116 0.469 2 * = -0.153 6
CO,in -0.001 4 0.8917 = = 0.486 2 = * 0.088 0 -0.426 0 * = 0.5735 % =
CO,out -0.3150 % ~-0.073 2 0.470 5 * = 0.1670 -0.6105 % * 0.061 2
Sc 0.2397 0.527 7 = % 0.9637 % = 0.957 3 % * 0.526 0 = % -0.364 4 *
Int. CO, -0.1459 ~0.746 7 % * 0.496 4 = * -0.1390 -0.532 6 % = -0.4229 % %
Ta -0.198 4 0.107 6 0.4230 % = 0.0725 -0.384 7 % = ~0.070 0
Tl -0.3455 « -0.006 1 0.076 4 0.176 9 -0.156 8 -0.003 6

DPAR: XS B WES Photosynthesis available radiation; RHin: %0 #J48X{{2 ¥ Relative humidity in leaf; RHout: 1833 H /5 HESAREH
YHEHE Relative humidity out leaf; CO,in: #4008 CO, ¥ CO, concentration in leaf; CO,out: @M E /5 RS IE B CO, ¥ & CO,
concentration out leaf; Sc; SfLF B Stomatal conductance; Int. CO, ; HlfH] CO, ¥ J¥ Intercellular CO, concentration; Ta: 2% Py (IR 188 B2 B
SR Air temperature; Tl {8 Leaf temperature. * . P<0.05; * x; P<0.01.
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BRI FRSCR 55 51 R F 18 BB R AT 4R
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SV IERORE, LR SR R T o . B ER
SRS TS BRI 5 i T 1 R PR R (6 B R AR
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Table 3 Path analysis of photosynthesis and transpiration characters of Capsicum annuum Linn. with environment factors under strong -

light!
PR B8 E%%’ZE lﬁﬁ B13EEMR  Indirect effect
Character ~Parameter . o PAR RHin RHout CO,in CO,out Se Int. CO, Ta Tl
Np PAR -0.0371 0.0061 -0.0627 -0.6551 0.0119 0.0103 0.569 8 0.0270 -0.0017
RHin -1.6633 0.0001 1.8509 -5.1380 0.1455 -0.1104 5.0812 -0.1085 0.002 4
RHout 1.8615 0.0013 -1.6538 -5.1412 0.1462 -0.0949 5.0752 -0.1121 0.0027
'G;(’)Zin 5.6885 0.0043 1.5024 -1.6824 -0.1572 0.0853 -5.5330 0.0928 -0.0019
;COzout -0.1674 0.0026 1.4461 -1.6257 5.3435 0.0783 -5.4837 0.0934 -0.0021
r‘Sc 0.2337 -0.001 6 0.7859 -0.7558 2.0753 -0.056 0 -2.0690 0.0267 0.000 6
Int. CO, -5.6035 0.0038 1.5083 -1.6860 5.6169 -0.163 8 0.086 3 0.0941 -0.0020
Ta 0.1206 -0.008 3 1.4972 -1.7307 4.3759 -0.129 6 0.0518 -4.3718 -0.0035
Tl -0.004 1 -0.0150 0.9711 -1.2082 2.6201 -0.0868 -0.032 4 -2.6917 0.101 6
Tr PAR 0.0371 0.0018 -0.0118 -0.0211 -0.0197 0.0393 0.0512 0.0130 0.0353
RHin -0.496 8 -0.000 1 0.3484 -0.1655 -0.2413 -0.4228 0.4564 -0.0524 -0.0510
RHout 0.3504 -0.0013 -0.4939 -0.1656 -0.2424 -0.3633 0.4558 -0.0541 -0.0567
CO,in 0.1833 -0.0043 0.4487 -0.3167 0.26008 0.3265 -0.4969 0.0448 0.040 2
CO, out 0.2776 -0.002 6 0.4319 -0.3060 0.1722 0.2997 -0.4925 0.0451 0.0453
Sc 0.8949 0.0016 0.2347 -0.1423 0.0669 0.0930 -0.1859 0.0129 -0.0121
Int. CO, -0.5033 -0.003 8 0.4505 -0.3174 0.1810 0.2717 0.330 4 0.045 4 0.0419
Ta 0.0582 0.0083 0.4471 -0.3258 0.1410 0.2150 0.1983 -0.3926 0.073 5
Tl 0.0873 0.0150 0.2900 -0.2274 0.0844 0.1440 -0.1242 -0.2418 0.049 0
Wu PAB 0.0301 -0.004 6 0.0472 —-0.4825 -0.0206 -0.0134 0.4911 -0.0362 -0.0020
R}t'in 1.2641 -0.000 1 -1.3910 -3.7843 -0.2519 0.1442 4.3792 0.1459 0.0029
€ Kilout -1.3990 -0.0010 1.256 9 -3.786 6 -0.253 0 0.1239 4.3740 0.1507 0.003 2
CO,in 4.1897 -0.0035 -1.1417 1.264 4 0.2722 -0.1114 -4.7686 -0.1247 -0.0023
CO, out 0.2897 -0.0021 -1.0990 1.2218 3.9357 —0.1022 -4.7261 -0.1255 -0.0026
Sc -0.3053 0.0013 -0.5972 0.5680 1.5285 0.0970 -1.7832 -0.0359 0.000 7
Int. CO, ~4.8294 -0.0031 -1.1462 1.267 1 4.1370 0.2835 -0.1127 -0.1265 -0.0024
Ta -0.1621 0.0067 -1.1378 1.300 7 3.2230 0.2244 -0.0676 -3.7678 -0.004 2
Tl -0.0050 0.0122 -0.7380 0.908 0 1.9298 0.1503 0.0424 -2.3199 -0.1365

Y Np: ?@-j’ﬁﬁﬁ$ Net photosynthesis rate; Tr: & # % Transpiration rate; Wu: KAFIFIR % Water utilization efficient; PAR: Y AREES

Photosynthesis available radiation; RHin;

SO HAE X Relative humidity in leaf; RHout; iﬁﬂﬂfi}ﬁﬂj*ﬁ{*ﬁ‘]*ﬂiﬂ’fﬂg Relative

_ humidity out leaf; CO,in;: < CO, ¥ CO, concentration in leaf; CO,out: B EE RS KR CO, ¥ E CO, concentration out leaf;
Sc: S fLBFF Stomatal conductance; Int. CO, ; J3fE] CO, ¥ Intercellular CO, concentration; Ta: 2 NSRBI SR Air temperature;

Tl. M Leaf temperature.
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P00 IR CO, Y BRI BA R LA CO,in (AR RHout SRR B MAK,

~  RE, CO, out HE A RS St BT 1 4 2104
T 22 BRETHRESAARESHREETOXR  CRB XA BERRBEKT, HFEE
6 H28 HFFMEREAEABIEHN N 200~ FHREEMXHETES. #465HES Rilin,
400 p mol - m™? + 57, AN AUZEBSE R STLE  RHout,CO,in A CO,out Al HRARX R J% B 5 S0tk
& JfE CO R EERAR/N, ZEBAE IR 55, M6 A BEKE, AR FHRIRHEXA BE,
28 HEG R, T HETES L A B & U 535 5556 AT B E A R R IR B T H] A8
BHFRIMKERKRZBFMXBRTFIIARL, BT BHOWERIIAFES, RHint fl CO,out XL EH
A EE SAFE ME COKEEMN, XREH  FREEMER AL, HMFRHE T EEEH
HF HERGHTEMNANEELRR, SRR HIEBN, SLEHMEES RHin, RHout SEFMHE
H0.5 B, A EESHIREFEXRENRD  WEEER/DTREEM, BEERL CO,in Al
B K G A B S, . SR, CO,in,RHin,  CO, out By fE Fi 24 & ; CO, in F1 CO, out iy H # 1
RHout 1 CO,out, M43rHERHN 0.1.0.3.0.5 6,  FHFIH BA/E AR E K, CO, in 1y [H] 42 34 Ay 2 8
: HEFELEERESHER FRXRFHER (RER  CO,outfIfEMN T, CO,out By )AL R 13 CO,in
™ ORI SBRBOBEI A B R BT R WEARE.
&, %t CO,in F1 CO,out BYFE W%/, ¥ RHin,
£4 BABRTHEESNSEEEHRERTANRKGXBESHREXSH
Table 4 Grey relational analysis and correlation analysis between net photosynthesis rate of Capsicum annuum Linn. and environment factors
under weak light"!
' HBERH KR HXRHK
B8 Association coefficient Correlation order Correlation coefficient
Femmetr 0.5 0.1 0.3 0.5 Simﬁje%:gzl&ation Pa.!tia{.lﬁ jognflation
PAR 0.626 86 1 1 1 0.307 2 = 0.239 1
RHin 0.622 17 2 3 5 -0.2219 -0.355 8 *
RHout 0.622 11 3 5 6 -0.2422 0.3723 *
CO,in 0.62224 5 4 4 0.0304 0.998 2 %
CO, out 0.621 91 6 7 7 -0.6484 % * ~0.9992 % *
Ta 0.622 27 7 6 3 - 0.2921 0.224 2
- Tl 0.622 51 4 2 2 0.247 3 0.2126

DPAR: Y647 %384 Photosynthesis available radiation; RHin. 3#E4( 0 G9AHXT B & Relative humidity in leaf; RHout; &1 -2 5 H S SR 94
XHZJE Relative humidity out leaf; CO,in; < 1 E@ Co, ﬂ%ﬁ CO, concentration in leaf; CO,out: ﬁﬂﬂf‘i}:ﬂj*ﬁ%ﬂ@ CO, ¥k Co,

concentration out leaf; Ta: H‘I’EW E@]%ﬁiﬁﬁ BPSR Air temperature; Tl; M- Leaf temperature. * : P <0.05;

®5 BARTHRBEASERSHERFEMNBEEHH

* * . P<0.0l.

Tablg 5 Path analysis between net photosynthesis rate of Capsicum annuum Linn. and environment factm‘s under weak light!!

2& E]%rﬁtﬂ? [E3E/ER  Indirect effect

Parameter o PAR RHin RHout CO,in CO,out Ta T
PAR 0.023 1 0.1382 -0.186 2 -0.3724 0.668 1 0.022 1 0.014 3
RHin ~0.304 8 0.010 5 0.3425 0.961 2 -1.178 7 -0.0236 -0.008 0
RHout 0.344 7 -0.0125 -0.3029 0.950 3 -1.1875 -0.0250 -0.009 4
CO,in 1.130 9 -0.007 6 -0.2591 0.289 6 -1.097 5 -0.0200 ~0.006 1
COyout  —1.4815 ~0.010 4 -0.2425 0.276 3 0.837 8 ~0.020 7 -0.007 4
Ta 0.028 4 0.018 0 0.253 7 -0.3025 -0.798 1 1.079 1 0.013 6

A il 0.017 5 0.0189 0.138 8 0.1853 -0.3918 0.627 1 0.0221

DPAR: ¥4 %354T Photosynthesis available radiation; RHin: #4 0 fUAIXHIZEE Relative humidity in leaf; RHout ;: @33 M & J5 44 3 S k0944
1B Relative humidity out leaf; CO,in: #40 K CO, ¥R CO, concentration in leaf; CO,out: i M2 J5 RS &M CO, ¥ E CO,
concentration out leaf; Ta: M N HIFERE IS Air temperature; Tl: M Leaf temperature.
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BELA RN EEREE FHEAR. AR
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Hoa, 55t EBAE A T A BEREOCH 0.5 BT HEDER R
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B 8 R Y LB A A SR L, X S AR
RS AR, RRA R FH— P,

TR A8 ST AT FAR S A AT I 45 SRR T, 2R
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B EREE T EMAEE, BE RS E
B B AR R HISHE E SR B R R R R B EN

R, 5K AR AR 2R B I IEM SR RS
S R R B F IEAR S, Sk F AME 2D
1 6 5 R I 5 AR s SN K 43 R AT
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