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Co-ordination of Environmental Factors in Driving and Regulating
Transpiration Rate of Greenhouse Grown Muskmelon

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

Abstract; Based on the experimental factors like soil moisture, air temperature, relative humidity and
solar radiation, a composite quadratic orthogonal regressive rotation design of four factors and five levels
was adopted to characterize the co-ordination of environmental factors in driving and regulating
transpiration rate of greenhouse grown muskmelon. Soil moisture was maintained by using weighing
method, and environmental factors were controlled by the chamber of a portable photosynthesis system
(Li — 6400; LI-COR). Transpiration rate and stomatal conductance were measured under different
combinations of environmental factors. Characterizations of main effect, single effect and marginal effect
for each environmental factor were determined by using the environmental data. The results showed that:
all of the environmental factors were positively correlated with transpiration rate except relative humidity.
Correlation between transpiration rate and soil moisture, temperature can be described in a linear
function, respectively. But solar radiation and relative humidity exhibited parabolic functions with
transpiration rate. Soil moisture and temperature showed a stable positive marginal effect on transpiration
rate with increasing treatment levels, while solar radiation and relative humidity showed linear functions
with a positive and negative slope, respectively. Marginal effects of solar radiation and relative humidity

were divided into positive and negative with threshold treatment levels of - 0.69 and - 1.49.
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Considering the tight coordination between environmental factors in regulating transpiration rate, a

quantitative framework was presented to characterize and quantify pathways of each environmental factor.

Vapour pressure deficit (VPD) was an important intermediary factor in modulating driving force of other

environment factors, which performed a dominant role in determining leaf transpiration rate at the

instantaneous scale.
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Tab.1 Designed levels and codes of experimental factors

» T
-1.682 -1 0 1 1.682
I B KRS % 50 58.1 70 81.9 90
2R/ C 8 14.5 24 33.5 40
AR/ % 55 63.1 75 86.9 95
SR I i/

N 200 463.6 850 1236.4 1500
(pmol-m ™ +s -

R — U AR R AR 3 AR K 1 AR 2
MR, 0 A 56 Li - cor 28 A A2 P2 Y Li — 6400 ALY
HGYER RS H R 2 D AW PREE N 744 T ot
R AR W SRR s R < LS . FI A LED
SRR G A A R B R G I % R Rk 4
CO, /NI 2 il % CO, ¥R 2 400 pumol/mol , S {4
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Tab.2 Experimental design

fib # ;\:jff:i RE x, Ygi;i SR S
1 1 1 1 1
2 1 1 -1 -1
3 1 -1 1 -1
4 1 -1 -1 1
5 -1 1 1 -1
6 -1 1 -1 1
7 -1 -1 1 1
8 -1 -1 -1 -1
9 1.682 0 0 0
10 -1.682 0 0 0
11 0 1. 682 0 0
12 0 -1.682 0 0
13 0 0 1.682 0
14 0 0 -1.682 0
15 0 0 0 1.682
16 0 0 0 -1.682
17 0 0 0 0
18 0 0 0 0
19 0 0 0 0
20 0 0 0 0
21 0 0 0 0
22 0 0 0 0
23 0 0 0 0

1.3 HiEstE
AR Y 0 = WKIE A e 5% A 45 et L, SR
DPS 7. 05 #EAT Hcdhs [0 ) K w42 50 A

2 HRE5SMW

2.1 [EFAEEE

XF AN () PR 85 415 T I 26 1 380 3 0 7 45 R b 47
)3 43 A, SR AT PH 7T W mlH 5 Sl

Y =1.897 +0.405x, +0. 803x, —0. 296x, +

0.527x, — 0. 026x; +0. 020x; —0. 099« +

0.377x; —=0.270x,x, +0. 097x,x, +0. 075x,x, +
0.075x,%, +0.097x,x, —0.270x,x, (1)
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Xof F A 15 5 B R AT S A 5 5 O 22 0 A
IIBTE R B ILEE 3. [BIE T R R Y F = 28. 06,
RF Foo(7,15) =4 14, [0 TR B F BT KK
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Tab.3 Variance analysis of regress

equation of transpiration

J5 28 K R 07 # F F B FE
Hi 75 21.317 14 28. 806 ok
x, 2.247 1 42.513 o
%, 8. 805 1 166. 584 s
%3 1.201 1 22.720 ok
%y 3.799 1 71. 880 s
x} 0.012 1 0.232 0. 642
x5 0. 005 1 0. 102 0.756
x5 0.167 1 3. 160 0.113
x? 2.271 1 42.961 s
X)X, 1. 166 1 22. 065 *
X, %5 0. 152 1 2.877 0.128
x, %, 0. 090 1 1.702 0.228
X%y 0. 090 1 1.702 0.228
Xy, 0.152 1 2.877 0. 128
X3%, 1. 166 1 22.065 X

W R P<0.05, #xK /R P<0.01,

2.2 EFHBSH
2.2.1 PRI X ZE AR Y = RO 4 B
i T L) o AR TG i A0 4 A A A 3R
it [81 5 22 %5 2 b o Ak, AR 4 G 248 X AT 50 W R 7
HEBRE, RBEAS R EFEMR . X (1)
MR w, x, a1 R B O IE(E, U K
B 23S B O ) 2R A R RN, H R
BN R 2S[O EE DGR I S KR, — IR
R SRR, 10 B AE X R T 2% 0 Sl iR . A HL I
FB o o0, B g, W IEAE, BEBH R HEE KR 5RE M
X B 55 ' S e 0 7% R R A 3 i B A P [ AR
ERT.
2.2.2 FRETIH X ZE 0 A R B B 808 o0 A
5 AW D o 'al i O i e S AT =

&) 41 o VAR S B A O L S B i o
25 PR 5% 2% I 382 6 52 ) 1) — 5 Uk i [l DA B RS A
7 AL — DR 2R PR AR 1 52 K A AT R R DLA Y
A PR 8 S oK, % 20 (1) i AT B 4 Ab PR AT
1) 45 BAL R o) AR 7% T S 36 199 5 i) A5 78 Oy

Y, =1.897 +0.405x, —0. 026x;

Y, =1.897 +0. 803x, +0. 020x>

Y, =1.897 —0.296x, —0. 099«

Y, =1.897 +0.527x, +0. 377,

(2)
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Fig. 1
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Effects of single environmental factor

on transpiration rate
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Fig.2 Marginal effects of environmental factors

on photosynthesis rate
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Tab.4 Path and correlation analysis of muskmelon transpiration with environmental factors
. ST eEn i 45 74 5 40
P &t SW T RH PAR VPD gs
SW 0.038 12 0.088 21 -0.050 09 -0.266 56 0. 002 25 -0.0233 0. 100 58 0.136 94
T 0.640 12" 2.197 22 -1.557 11 -0.0107 0. 629 09 -0.02765 -1.4783 -0.669 55
RH -0.63736" -1.077 83 0.440 48 -0.00018 -1.28244 -0.015 47 1.300 17 0.438 4
PAR 0.609 92" 0.273 67 0.336 26 -0.00751 -0.22201 0. 060 94 0.072 54 0.4323
VPD 0.72695** —-1.60529 2.33223 -0.005 53 2.023 41 0.87297 -0.012 37 -0.546 25
gs -0.19473 0.902 94 -1.097 67 0.01338 -1.62929 -0.52332 0.070 41 0.971 15

B FR P <0.05, 3R P <0.01, Tr HZEWHRE, mmol/ (m? +s) ;SW y HIEHIN & K5, % T HREE,C s RH KM, % ; PAR
AT RS, pmol/ (m? +s) 3 VPD 7K IR E 7 B, kPasgs 9 TFLFE , pmol/ (m? +s)
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Fig.4 Response of transpiration rate and stomatal

conductance to temperature
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