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1. INTRODUCTION

Citrus is one of the most important tropical/subtropical economic hon{culruralAcg)Op;O%?)h%‘i’;’:J:di S(lefdar;d
Yelenosky, 1986). World production has increased rapidly in recent times (F ’ 4 Sta-t g 1dely
cultivated in the Mediterranean (Rana et al., 2005) while its production in the Unite bt F l]'(p sses the
combined production of other fruit crops, including apples and peaches (Vu an ¥ .cenoisgg,] 193@-
Similarly, citrus production in West Africa has increased by a factor greater than 3 since » While
cultivated area stands at 850,000 ha in 2004 (FAO, 2004).

Water requirements and use by citrus have been evaluated using methods such as soil water balance,

porometer, sap flow sensors, eddy covariance and estimates based on smoothed climatic data (Van Bave]
et al, 1967; Habermann et al., 2003; Yang et al, 2003; Ortuno et al., 2004; Rana et al., 2005).
Furthermore, most of the studies on canopy processes have been at leaf scale such as assessing the
temperature or vapor pressure deficit (VPD) effects on leaf photosynthesis, leaf transpiration and leaf
conductance (Moreshet and Green, 1984; Vu and Yelenosky, 1986; Habermann et al., 2003; Ortun_o etal,
2004). Changes in the atmospheric vapor pressure affect the functioning of guard cells, ultimately
affecting the stomatal conductance (Zeiger, 1998). A screenhouse measurement has demonstrated that the
leaf stomata conductance of sweet orange decreased significantly when exposed to drier air (Habermann
et al., 2003), while Ortuno et al. (2004) reported a linear increase in sap flow with increasing vapor
pressure deficit below 1.75 kPa in potted lemon trees. Confirmation or otherwise of these results under
rainfed, field and tropical environmental conditions typical to West Africa is necessary for the
development and management of citrus industry in these regions, where cash-strained economic reality of
an average farmer makes investment in irrigation of orchards unaffordable.

Sap flow method offers a low cost technology for monitoring whole-tree transpiration that may be
combined with meteorological data for continuous and systematic analysis of the bulk stomata behavior in
response to transient environmental conditions (Lu et al., 2003; Oguntunde and van de Geisen, 2005).
Therefore, this study was undertaken to understand patterns of citrus water use and canopy conductance at
critical periods (transition and peak rainfall periods) under changing atmospheric conditions and rainfed
situation using sap flow data. The objectives were to: (1) use sap flow technique to measure rates of
transpiration in citrus trees at various critical periods in the growing season; (2) determine whether
species or varieties significantly affects citrus water use; and (3) characterize the effects of diurnal and
day-to-day variations in atmospheric conditions on the temporal pattern of transpiration.

2. MATERIALS AND METHODS

The study was conducted in the forest transition zone of Ghana near Ejura town (latitude 07° 20" N.
longitude 01° 16" W, 210 m above sea level) in a 2.83 ha, seven-year-old, citrus orchard. The orchard
consists of sweet orange (Citrus sinensis L; ca 90% Late Valencia and 6% Red Valencia) and Lemon
(Citrus limon L; ca 4%). Tree density was 278 trees ha” with mean tree height of 4.60 + 0.70 m in 15
trees. Leaf area index was measured as 4.64 + 0.95 m? m? using a canopy analysis system (LA1-2000.
LiCor, Lincoln, NE). The climate is tropical monsoon characterized with distinct wet (April to October)
and dry (November to March) seasons. Total rainfall in 2002 was about 1400 mm but a 20 years (1973 -
1992) average was 1264 mm. The soil texture within the orchard was generally sandy clay loZm.

Sap flow in tree Frunk was .estimated coptinuously by the method described by Granier (1985, 1987)
Each system consists of a pair of 2 mm (diameter) stainless steel needles installed into the tree stem abot!
g}?e;::d?pr?;é?eaxemcal line (Ptlate 1).hA constant power source was applied to a resistor in the uppe’
- £\ copper-constantan thermocouple measures the i he

temperature difference between 1<

heated upper needle and unheated lower reference needle. The flow of Is)ap cools the heated needle. 590

velocity was computed with the empirical relati i i . ; . [y and
Chacko, 1998; Braun and Schrmid. 1999) ao lonship validated for many species (Granier, 1987; Lu a1¢
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. B . ™ shttime vy S A L ) . . hen sap flow
estimated from averaged sap flow of the gauged t ‘h{e ot A7. - Canopy transpiration (£, mm h'r) was
004). S irees divided by ground area occupied (Oguntunde et al,

Plate 1. Sap flow sensors installed on a cashew tree at Ejura, Ghana

Half-hourly sap flow measurements were made for 12 days in April (transition from dry to wet: hereafter
referred to as Period 1), for 32 days in August/September (peak wet: herealler referred to as Period 11),
and for § davs in November (transition from wet to dry: hereafter referred to as Period 1), During these
periods, a total of six trees were gauged using the most abundant variety (Late Valencia). Additional three
trees one for each different variety (Lemon, Red Valencia and Late Valenteia) were gauged for six days in
November to study possible difference in their water use.

measured about 200 maway from the experimental plot (50 x 50 m%)
hard. Incoming solar radiation, air temperature, wind speed and direction,

Meteorological variables were
and recorded as 10 min averages with an automatic

located at the center of the orc
relative humidity and rainfall, were sampled at 10°s
weather station.

3. RESULTS AND DISCUSSION

3.1 Climatic Conditions and Citrus Sap Flow

he study site during the 2002 measurement pcnuds.l - I are
A .~lmr‘wlcrizcd by high humidity and low wind :\'pcr."d.\.
- i flen remained wet until 0830

Summary of atmospheric condition
and citrus Jeaves 0 i
e on periods (1 and 1D than

shown in Table 1. Generally, the conditions \‘\‘L:Lhnur*

Dew usually occurred during the carly "““m_l}g“ - |I,iuh¢r during the transiti s

local time “Solar radiation and air (emperature Were Bies o quent overeast due to monsoon clouds
T QR : s characterized with freq saisen, 2008), However,

the peak raintall period (11). Pariodh 1 % J;‘ : '1 : 1997, Oguntunde and van d“:’mt:l‘ nd ;l |‘i|y climatic

. L) . S AV e o a (J cgc( ¢, . : - o ' ar ¢ iln-““ and { i
?plcsl of the wet scason otl\\ st :\;trl g.l:i i‘fn‘ e these pcrmds showed similar !
ew bright days chosen and comp

values. I
g e
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Table 1, Mean half=hourly weather variables for the three observation periods (coefficient of variation for
daily averages in parenthesis).

Period” Air Wind Splalr l‘{amfall
temperature  Relative spccﬁ! rudmt:gn amount
(°C) humidity (%) (ms") (W.m™) (mm)
TT(12days) 274 (4.8) 74.3 (6.8) 1.6(17.3)  228.2(10.1) 66].3
(32 days)  24.3(3.2) 84.5 (2.9) 13(12.2)  169.9 (18.6) 168.5
1B days) 259 (1.1) 78.9 (2.9) 1.0(13.0)  235.3 (6.8) 0.0

“Period 1: April 03 to 14; Period 11: August 15 to September 16; and Period 111: November 07 to 14,

For the three observation periods, statistics of sap velocity () and canopy transpiration are summarized
in Table 2. Mean sap velocity increased gradually from 96 cm day™" (period 1) to ]0%1 cm day (pcnoq I
in the growing season. Similar trend was noted for estimated average transpiration. However, hl‘gher
variably was recorded during period 11 as indicated by the standard deviation (SD) values. Th'c ratio of
transpiration to Penman evaporation estimates (f/l5,) was 43.4%, 65.0% and 45.6% for periods I-III,
respectively. The highest ratio for period 1 was due to relative lowest value of £, during this period rather
than absolute value of £, which is actually lower compared to period I (Table 2). A similar pattern,
25%, 49% and 39% for periods 1-M11, was derived from the result of van Bavel et al. (1967) in an orange
orchard at Arizona. Obviously, actual and potential evaporation would be expected to be very close
during period 11 because it is the period of highest surface wetness and humidity. These lower than
expected transpiration fractions may be explained in part by (1) frequent canopy wetting from rain, fog,
and dew most especially during period 11; and (2) the open canopy (30% cover) structure of the orchard,
allowing significant understory transpiration. Similar to this result, Giambelluca et al. (2003) observed
small transpiration ratio in a small tropical forest parch and attributed this observation to relative
significant role of canopy interception and soil cvaporation among other factors.

Table 2. Summary of sap velocity (¥) and crown transpiration (£,) estimates during the observation
periods in the growing season of 2002.

Observation Sap velocity (cm day™) Transpiration (mm day™') "E./E, ratio
period Maximum Minimum _ Mean+SD  Maximum Minimum Mean 4 SD (%)
I 111.31 72.67 96.78 + 11.21 1.79 1.17 1.56 +£0.18 43.4
11 158.40 58.68 98.14 +21.19 2.55 0.95 1.58+0.34 64.7
111 112.53 92.91 104.60 + 6.39 1.81 1.50 1.69 £ 0.10 45.7
Ito Il 158.40 58.68 98.70 + 17.94 2.55 0.95 1.59£0.29 55.3

”15‘./16',, in the last column is the ratio of crown transpiration (sap flow) to Penman evaporation estimates.

To remove the potential cloudiness and leafl wetness effects on sap flow, five clear days were selected
from cach of the periods and statistically compared using ANOVA and Bonferroni mean separation test.
The same method was used to access the possible differences in water use of Lemon, Red Valencia and
Late Valencia measured for six days in November 2002 (Figure 1). The results showed a slight higher (P
=0.043) sap flow density in period 11 than I, while Lemon transpires significantly higher (P = 0.001) than
Late Valencia (Table 3). On the average, lemon transpires about 17% higher than sweet oranges. The
observations agreed with previous studies, for example, higher stomata resistance in Valencia than lemon
was reported (van Bavel et al., 1967); water use for lemon was about 20% higher than oranges (Wright,

2000); while Giambelluca et al. (2003) reported higher transpiration of many species during wet period
compared to dry-wet transition period.
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Vable 3. Maan difterence (Mp) comparison for half-hourly sap velocity values for five bright days each
fir ahaepyation perivds -1 and six days of variety eftect on water use.

Period of ahsepyation effect Variety and Species effects

i) My B Rk i i Mp (i) P Rk
| Il 1,094 0.043 * LM RV 0642 0352 AS

1l 07N 1000 NS LV 1519  0.001 *
1] Nl 1ole 0.069 NS RV LV 0877 0097 NS

PP signifivant at 003 fevel, N3 nat significant, R&: remark, LM: Lemon, RV: Red Valencia and LV:
Fate Valonoin Mean soparation by Bonferrond test.

Nap M was vanrelated with atmospheric freing variables for the three periods (Table 4). The results
i dieaie I sap e is responsive o variations insolar radiation (Sg), air temperature (77), relative
by (R ) Wi speest (I3, and wind direction (1p). The transpiration from the three varieties has
Bighen o lation values with &y, L and & than with corresponding B and W, However, they were all
hphly u:nnv.'h‘-i At P 0001 lovels Silar highly correlated values were observed for periodic study
eneopt e Wi dieetion duving penad s = 00210 and period 11 (2 = 0.422). This suggests that W)
doen il altovt v ranspivation stsnficantly during period 11 probably because heterogeneity of
Al b st e e ahaid suionndiogs does oot vary much during this very wet period, such that
ahvevied e Bom vaons diecions prasduead sinilar effects on transpiration. Negative correlations
Betweein Byt Ewere wevandad dinimg the wet-diy transition (period 111 and variety experiment, Table
A) Pl iy alsa bomierpreted with iegands o inereasing surroundings moisture heterogeneity during
thin periosd stch that maist aie advevted from the brook and swamp, located about 1 km away to the
somthedstern part of the sehand, nfluenced tanspiration rates at certain times of the day. Although,
UANE Y g the eftoct ot ady CUTIL I OVAPOEION 18 ROL easy as it may occur on difterent scales and the
pProwesa by ik welbundorstond (Zhang etal, 1999) the inspection of diurnal wind dara showed systematic
shifts i wid diree o mostly between sonthiwesterly and northwesterly, which seems to favor influx of
mistire Ladon ane mi the awvhand duving the shifts. Study with eddy correlation over a nearby cashew
o B, iy e same weordiy transition, showed faotpont exiending bevond 1 km at some time of the
iy cOprmmide of al, 2004) T tether show that 1y had impact siwilar to Ry on £, during period 11,
pelative hmmidiny that obwinsly has inverse iolation with transpiration was correlated to wind direction.
Porids 1 and 1 B wopative and very law corielations (0,122 and -0.026) while period 11 had relatively

P annd st ivant corelation (0319 atp~ 0.05,
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Figure 3. Response of orange canopy conductance (g.) to solar radiation (Sg) and vapour pressure deficit
(I'PD) during periods I-111, 2002.

Nigerizn Institution of Agricultural Engineers© www.niae.net 1



6.0 e A

o St ERae
S Y O
§ st L[ R | .
S v Seath B B SR ettt L W 7= - =, -

o LS e B -« SSCEI S S VO

0.0 T — ] - d |

I i H| . Al
Observation period

. Figure 4. Growing season ranges of canopy conductance (z.) of the ra : d Ti - s
.~ spike is one standard deviation. = 2) rainfed citrus orchard. The wersiczl

4. CONCLUSION

This result demonstrated that sap flow data are useful to investigate phvsiological znd eco-bvdrologicsl
- responses of rainfed citrus orchard during transition and pezk rzinfzll periods of the rowing sezson
Wind direction played a significant role, similar to that of relative humidity. during 172 we-drv rensiton.
Generally, the dependence of citrus transpiration on metsorological varizbles was very Hgh
~ observed good relationship should be useful in parameterising 2 simple Vzlenciz transpirztion modsl the
would help in predicting water use of orange in this area. This is the subject of 2 forthcoming arucle.
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