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Environmental Response of Stomatal and Hydraulic Conductances

and Their Effects on Regulating Transpiration of Cucumber

Zhang Zhongdian Zhang Dalong Li Jianming Zhang Zhi Jiao Xiaocong Zhang Jun
( College of Horticulture, Northwest A&F University, Yangling, Shaanxi 712100, China)

Abstract; The effects of environmental factors, such as soil moisture (SW) , air temperature (7T'), air
relative humidity (RH) and photosynthetic active radiation (PAR) on stomatal conductance (G,) and
total hydraulic conductance of soil — plant system (K,) under steady flow condition were analyzed, and
regulation effects of these impact factors on plant transpiration were investigated. Greenhouse cucumber
was used as the experimental material, based on the design of composite quadratic orthogonal regressive
rotation where the artificial climate box was adopted, the main effects, single effects and marginal effects
of four environmental impact factors on G, and K, were interpreted. The results showed that all
environmental factors exerted positive effect on G, and K|, interaction effect was also found between SW
and PAR, T and RH on G, and K,. The single effect of RH can be described by a parabolic function and
those of other impact factors were described as linear function, which were increased with increase of G,
and K,. The marginal effects of each impact factor on G, and K, showed that RH was the main regulating
path for G, and all the impact factors except PAR efficiently regulated K,. The regulating effects of the
four environmental factors, G, and K, on transpiration were analyzed with paths and correlation analyses.

The results showed that T, PAR and G, mainly exerted indirect positive effect on transpiration by
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strengthening K,, which was followed by the direct positive effect on transpiration. SW mainly exerted

indirect positive effect on transpiration by strengthening both K, and G,. RH exerted direct negative

effect, while its main effect path was exerting indirect positive effect on transpiration by promoting G_ and

K,. Both G, and K, were remarkably responded to the four environmental impact factors and interactively

regulated the transpiration synergistically.

Key words: greenhouse cucumber;

environmental response;

stomatal conductance; hydraulic

conductance; transpiration; composite regressive rotation design
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Tab.1 Designed levels and codes of experimental factors
A&
i hi N o o oG A RBUR I 2,/
AR S K %, /% SRR 6,/ C 2R xy/ %
(p,mo]-md'sfl)
-1.682 50 10.7 41 80
-1 58 16.5 51 144
0 70 25.0 65 240
1 82 33.5 79 336
1. 682 90 39.3 89 400
F®2 ARAREUTEVNEER
Tab.2 Experimental design and measurement results
AEE EEMXT SRBRIE SREBE UEARES R/ SALRBEE/ Bk ZE I R/
F5 HKER/ % C % (anl-rn’z-s’]) (mol-m2+s7") (mmol-m~2+s~'-MPa~ ") (mmol-m~2-s71)
1 82 33.5 79 336 0. 826 4.544 4.627
2 82 33.5 51 144 0. 101 3.071 2. 663
3 82 16.5 79 144 0. 205 1. 851 1.585
4 82 16.5 51 336 0. 250 3.517 3.088
5 58 33.5 79 144 0. 467 3.522 3.012
6 58 33.5 51 336 0. 065 1.992 1. 940
7 58 16.5 79 336 0.112 1.118 0. 920
8 58 16.5 51 144 0. 003 0. 047 0. 052
9 50 25.0 65 240 0. 063 1.596 0. 887
10 90 25.0 65 240 0.134 1.967 1.535
11 70 10.7 65 240 0. 003 0. 560 0.110
12 70 39.3 65 240 0.213 3.498 3.921
13 70 25.0 41 240 0.047 1. 355 1. 109
14 70 25.0 89 240 0. 869 3.357 3.300
15 70 25.0 65 80 0. 053 1. 059 0.673
16 70 25.0 65 400 0.132 1. 880 1. 560
17 70 25.0 65 240 0.110 1. 625 1. 260
18 70 25.0 65 240 0.115 1.628 1. 280
19 70 25.0 65 240 0.118 1. 635 1. 263
20 70 25.0 65 240 0. 106 1. 678 1. 255
21 70 25.0 65 240 0. 121 1. 635 1. 231
22 70 25.0 65 240 0.112 1. 668 1. 236
23 70 25.0 65 240 0.102 1. 658 1.257
1.3 MEFESH* . T (1)
—p - =
(L) ok o, M A bR ASEFE 1 h )5, Q, - @, —pgh
p N s e > R BR 3
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FTFLIURE 5 % A Psypro #2 s K #L#y C — 52 — SF g M E ,N/kg  h—Hfi,m
28 0 K A, O S 4E 34T 40 B
. e 2 FER5HW
(2) M SR 250 R ] Li — 6400 U565
TE R G E SR8 F o kg s g 21 RERTHSASE KASENIME
AR 6, MR TAETH W E 211 B

IKEIOREI e P S (ERE AT 20 Hr

(3) LK @ . K H Psypro 5 mi K H ALY
PST — 55 B A& % I 7 - ek #

(4) BIERIY) R GG K T R E K, R KIFTE
bz 0 A R AR R B AR K A A R
R A2 B PRI T AL PR — B 8] J5, AR R I Y K 2y
el T A e , MR 78 S il vk (EFM) JUBE, AT 1A
R TR 1A 7K o3 A i 9 B 250 O R TS K 1
Bl

PLA AR 5 K3 (X)) (&SR E (X)) VE A
MEE (X,) J6a A RS (X)) B i (8 B 72 &
PLAAL S (G,) FILEOK I 5 8 (K,) 2 RZ B g T
Bl 5 J7 /&, B
G, =0.107 20 +0. 062 56X, +0. 090 96X, +0. 188 44X, +

0. 044 66X, +0.001 99X +0. 005 35X> +0. 129 09X° —

0.000 13X> +0. 003 44X, X, +0. 010 56X, X, +

0. 066 44X, X, +0. 066 44X, X, +0.010 56X, X, +

0.003 44X, X, (2)
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K, =1.58153 +0.507 29X, +0. 844 78X, +
0.422 86X, +0.297 34X, +0. 139 55X +
0.227 06X2 +0. 342 67X% +0. 029 24X° -

0.13138X,X, —0. 174 63X, X, +0.224 88X, X, +
0.224 88X,X, —0. 174 63X, X, 0. 131 38X, X,
(3)
XF BT el )9 5 FE R AT WA IR S T 2= 0
SIPTEE R IR 3, N Rl DLE Y, 6 F K, (8] 5 J7 72
ARG B 45 SR 18 S W 2, nT DL T T 40 B B TR R
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Tab.3 Variance analysis of regress equation of stomatal

conductance and total hydraulic conductance

AR HALF B oK 5

KU PR F P - J7 #l F P
X, 0.0389 6.9090 2.556 12,0587
X, 0.0822 14.6033 = %  7.0883 33.4415  #
X, 0.3527 62.6774  * 1.776  8.3789  #
X, 0.0198 3.5200 0.0874 0.8781 4.1429 0.0666
X 0 0.0081 0.9298 0.225 1.0617 0.3250
X2 0.0003 0.0587 0.8130 0.5957 2.8106 0.1218
X2 0.1926 34.2221 =  1.3568 6.4014 *
X2 0 0 0.9953 0.0099 0.0466 0.8330
X, X, 0.0003 0.0489 0.8291 0.7097 3.3481 0.0945
X, X, 0.0026 0.4614 0.5110 0.7097 3.3481 0.0945
X, X, 0.1027 18.2563 % % 1.1769 5.5523 *
X, X, 0.1027 18.2563 % % 1.1769 5.5523 *
X, X, 0.0026 0.4614 0.5110 0.7097 3.3481 0.0945
XX, 0.0003 0.0489 0.8291 0.7097 3.3481 0.0945
i 1.088 9 %% 23.0259 -
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Fig. 1

Effect of single environmental factor on stomatal conductance and total hydraulic conductance



b 25 BINAL T BE K TSP A0 FR S RIS A L IR A 2 S 2 i 143

556 1]
08  —e—tifnfaksE
06F —=—TERIEE
ooal ——EEE
5 ——StEE RS
g 02fF
ks
g of
o -02 |
04 1 1 1 1
-2 -1 0 1 2

20 —¢— LMY EKE
| ——— R
—— TR

LOF o Stedsdesm

K, /(mol- 25 AI-MPa‘l)
o
wh
T

—05F
~10 1 1 1 1
=2 =1 0 1 2
B

P2 FREE T X AL S B RS K ) S B Y 0 B AR,

Fig.2 Marginal effect of environmental factors on stomatal conductance and total hydraulic conductance
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Tab.4 Path and correlation analysis of transpiration with environmental factors, stomatal conductance

and total hydraulic conductance

li1) 45 47 J1]
fEH -+ HHEEN

A5 REL N T RH PAR G, K, it
N 0.353 0.020 0 0 0 0.032 0.302 0.334
T 0.642" " 0. 095 0 0 0 0. 046 0.501 0. 547
RH 0.302 -0.045 0 0 0 0. 095 0.252 0.347
PAR 0.235 0.036 0 0 0 0.022 0.176 0.198
G, 0.780 " * 0. 146 0. 004 0. 030 -0.029 0. 006 0. 624 0. 633
K, 0.981 " " 0. 808 0. 007 0. 059 -0.014 0. 008 0.113 0.173

K3 BT AL TS UK ) S X A R
TEM B 2Rz
Fig.3 Main paths of environmental factors, stomatal
conductance and total hydraulic conductance for

regulating transpiration
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