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POINT-BY-POINT REPLY TO THE REVIEWS: 1 
 2 
 3 
RESPONSE TO REFEREE 2: 4 
 5 
Dear Referee, 6 
 7 
We appreciate your careful reading of our manuscript and the numerous insightful suggestions. Changes 8 
to the manuscript detailed below refer to the ”markup copy” which is attached as a pdf to this comment. 9 
We also attached a clear copy of the manuscript as well as all figures. 10 
 11 
Sincerely, 12 
Alexander Röll 13 
 14 
 15 
 16 
General comments 17 
 18 
Referee: This study presents a study on the transpiration rates in palm oil stands of different ages. With 19 
palm oil plants becoming more and more an important feature of the tropical landscape, and data on 20 
transpiration rates of these sites being rare, I think this manuscript is an important contribution of results 21 
to the scientific community researching tropical landscapes and tropical ecosystem functioning. What is 22 
impressive about this study is the inclusion of 15 different field sites, as well as combining two different 23 
methods for measuring (evapo)transpiration rates. By including this many sites, they were able to show at 24 
what stand age transpiration does not increase anymore. Overall I think this is a well described and 25 
comprehensive study that provides valuable information to the community studying palm oil plant 26 
functioning. There are a few weaknesses to this study as well: the (eddy flux) measurements were not 27 
carried out in parallel, so we will have to assume both periods are comparable (authors could add a table 28 
for example with the meteorological data per site per measuring period). Furthermore,I think including 29 
only 4 trees per site in the sap flux measurements is not so much,although the fact that all trees have the 30 
same age in a plant will reduce the variance between trees of a stand. In addition, I think the authors can 31 
emphasize the urgency and importance of their study and research questions more. 32 
 33 

Authors: We thank the reviewer for appreciating the high number of replicates in our study, which we 34 

consider to make our study rather unique. However, we agree that there are weaknesses due to varying 35 

measurement periods, mainly caused by difficulties of carrying out simultaneous measurements in the 36 

field in a tropical environment, e.g. regarding financial and technical aspects. We have tried to adequately 37 

cope with this problem in our study.  38 

With regards to the relatively low number of replicates per stand (13 leaves in 4 palms), we followed an 39 

oil palm specific measurement scheme (Niu et al. 2015) that suggests relatively precise estimates of oil 40 

palm transpiration (14% sample-size related uncertainty).  41 

During the revision, we consistently tried to sharpen the conclusions to be drawn from the results of our 42 

study, as suggested by the reviewer, and we feel that the manuscript now emphasizes the relevance of our 43 

study and research questions.  44 

 45 
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 46 

Referee: As for the presentation, I think some parts of the discussion could be written in a way that they 47 
are less of a repetition of the results, and answer to the research objectives more explicitly. Please find my 48 
more detailed comments below. 49 
 50 
Authors: We agree that parts of the discussion were too repetitive, and we have adjusted the manuscript 51 
accordingly. We also tried to work out conclusions more clearly, and to derive a more overarching 52 
message regarding some of the potential stand-scale eco-hydrological consequences of the continuing oil 53 
palm expansion.  54 
 55 
 56 
 57 
ABSTRACT: 58 
 59 
Referee: P 9210 line 21: “Confronting sap flux and eddy-covariance derived water fluxes” I would use a 60 
different word than ‘confronting’. 61 
 62 
Authors: As suggested, we reworded the sentence.  63 
 64 
Markup document (page 2): 65 

Comparing sap flux and eddy-covariance derived water fluxes suggests that transpiration contributed 8% 66 
to evapotranspiration in the 2-year old stand and 53% in the 12-year old stand, indicating variable and 67 
substantial additional sources of evaporation, e.g. from the soil, the ground vegetation and from trunk 68 
epiphytes 69 
 70 
 71 
 72 
Referee: P 9211 line 4-6: I do not understand this sentence, it’s too vague. 73 
 74 
Authors: We rephrased the sentence and tried to make it clearer.  75 
 76 
Markup document (page 2): 77 

The stand transpiration of some of the studied oil palm stands was as high or even higher than values 78 
reported for different tropical forests, indicating a high water use of oil palms under yet to be explained 79 
site or management conditions. 80 
 81 
 82 
 83 
INTRODUCTION: 84 
 85 
Referee: P 9212 line 27: Not clear to what “On the other hand” contrasts with. In line 19 you announce 86 
two possibilities: Water use can increase or decrease with age stand, and you start by listing the reasons 87 
for the latter. Then (line 25) you give reasons for expecting no difference, and in line 27 with a reason to 88 
expect differences. It’s better to already mention in line 19 that there are three (increase, no difference, 89 
decrease in transpiration) rather than two different scenarios to expect. As it reads not, the ’On the other 90 
hand’ in line 27 threw me off as a reader and I had to reread a couple of times. 91 
 92 
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Authors: We rephrased several lines in the respective section to separate the different possibilities more 93 
clearly. 94 
 95 
Markup document (page 3/4): 96 

Water use patterns over a gradient of plantation age to our knowledge have not yet been studied for oil 97 
palms. Water use could increase or decline with increasing stand age or could remain relatively stable 98 
from a certain age. Reasons for declining water use at a certain age include decreasing functionality of 99 
trunk xylem tissue with increasing age due to the absence of secondary growth in monocot species 100 
(Zimmermann, 1973), a variety of other hydraulic limitations (see review of dicot tree studies in Ryan et 101 
al., 2006) and increased hydraulic resistance due to increased pathway length with increasing trunk height 102 
(Yoder et al., 1994). However, for Mexican fan palms (Washingtonia robusta Linden ex André H 103 
Wendl.), no evidence of increasing hydraulic limitations with increasing palm height was found 104 
(Renninger et al., 2009). Reasons for potentially increasing water use in older plantations e.g. include 105 
linearly increasing oil palm trunk height with increasing palm age (Henson and Dolmat, 2003). As trunk 106 
height and thus volume increase, internal water storages probably also increase, possibly enabling larger 107 
(i.e. older) oil palms to transpire at higher rates (Goldstein et al., 1998; Madurapperuma et al., 2009). 108 
Additionally, increased stand canopy height is expected to result in an enhanced turbulent energy 109 
exchange with the atmosphere, i.e. a closer coupling of transpiration to environmental drivers, which can 110 
facilitate higher transpiration rates under optimal environmental conditions (Hollinger et al., 1994; 111 
Vanclay, 2009). The mentioned reasons for possibly increasing and decreasing water use with increasing 112 
plantations age, respectively, could also partly outbalance each other, or could be outbalanced by external 113 
factors (e.g. management related), potentially leading to no clear trend of oil palm transpiration over 114 
plantation age.  115 
 116 
 117 
 118 
Referee: P 9213line 15: Although I think objective 2 is interesting, it’s not made clear from the discussion 119 
before why we need to know the ratio between evapo-transpiration and transpiration. 120 
 121 
Authors: We added a sentence to the first paragraph to highlight why this knowledge is important. 122 
 123 
Markup document (page 2/3): 124 

Oil palm (Elaeis guineensis Jacq.) has become the most rapidly expanding crop in tropical countries over 125 
the past decades, particularly in South East Asia (FAO, 2014). Asides from losses of biodiversity and 126 
associated ecosystem functioning (e.g. Barnes et al., 2014), potentially negative consequences of the 127 
expansion of oil palm cultivation on components of the hydrological cycle have been reported (e.g. 128 
Banabas et al., 2008). Only few studies have dealt with the water use characteristics of oil palms so far 129 
(Comte et al., 2012). Available evapotranspiration estimates derived from micrometeorological or 130 
catchment-based approaches range from 1.3 to 6.5 mm day−1 for different tropical locations and climatic 131 
conditions (e.g. Radersma and Ridder, 1996; Henson and Harun, 2005). However, various components of 132 
the water cycle under oil palm yet remain to be studied for a convincing hydrological assessment of the 133 
hydrological consequences of oil palm expansion, e.g. regarding the partitioning of the central water flux 134 
of evapotranspiration into transpirational and evaporative fluxes. Also, to our knowledge, influences of 135 
site or stand characteristics on oil palm water use have not yet been addressed.   136 
 137 
 138 
 139 
Referee: P 9213line 21: “It assesses potential hydrological consequences of large-scale oil palm 140 

expansion on main components of the water cycle.” Your results and Discussion underdeliver on this, you 141 
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do not scale this to landscape scale or discuss the consequences of expansion of oil palm plants for the 142 

region. So better not to promise this in the introduction. Alternatively you could re-write the Discussion 143 

so it can incorporate such an assessment. 144 

 145 
Authors: We both adjusted the sentence as not to over-promise and additionally tried to expand parts of 146 
discussion and conclusions with respect to potential hydrological consequences of oil palm expansion as 147 
not to under-deliver. 148 
 149 
Markup document (page 4): 150 

It assesses some of the potential hydrological consequences of oil palm expansion on main components of 151 
the water cycle at the stand level. 152 
 153 
 154 
 155 
METHODS:  156 
 157 
Referee: P 9215 line 16: Why use three sunny days and not the average of five days? Would that make a 158 
difference and have you tried comparing how important the inclusion of three or five (or four or six) 159 
sunny days is? 160 
 161 
Authors: We used the average of three sunny days rather than just one sunny day in order to make the 162 
results less susceptible to e.g. to extreme values or random events. While the reviewer is right that we 163 
could have also used the average of e.g. five sunny days, data series from some of the 15 sites (as well as 164 
from 24 other, non-oil palm sites in the study region, which will be presented in further publications) 165 
were limited and partly encompassed only relatively few sunny days. Exploratory analyses at the 166 
beginning of the data analysis process showed, that absolute values were very similar when using e.g. 3, 5 167 
or 7 sunny days. Even when using the averages of the complete data series (usually about three weeks per 168 
site), the relative differences among the 15 sites were very similar to when using the three sunny day 169 
approach. Based on our analysis, we are confident that three sunny days constitute a sufficient amount. 170 
The first figure below shows the absolute transpiration values of the 15 stands derived from using three 171 
and five sunny days and all available days, respectively. The second figure shows the very close linear 172 
relationship (R²=0.99, P<0.01) between the values derived from three and five sunny days, respectively.  173 
 174 
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 175 
 176 
 177 
 178 
Referee: P 9215 line 22: Are the values behind the _ standard errors or standard deviations? Please 179 
indicate with SD or SE. 180 
 181 
Authors: We now indicate that this is the standard deviation.  182 
 183 
Markup document (page 6): 184 

We chose days with a daily integrated radiation of more than 17 MJ m−2 day−1 and an average daytime 185 
VPD of more than 1.1 kPa; respective averages (mean ± SD) of all days included in the analysis were 186 
20.3 ± 2.6 MJ m−2 day−1 and 1.6 ± 0.3 kPa (also see Table 1). 187 
 188 
 189 
 190 
Referee: P 9215 line 27: How was palm height measured? 191 
 192 
Authors: We included how palm height was measured into the respective sentence, as well as a reference 193 
to a more detailed description of stand variable measurements.  194 
 195 
Markup document (page 6): 196 

For each sample palm, trunk height to the youngest leaf (m) and diameter at breast height (cm) were 197 
measured (see Kotowska et al., 2015 for detailed methodology) and the number of leaves per palm was 198 
counted. 199 
 200 
 201 
 202 
Referee: P9216 line 21: This reads like a repetition of the sap flux measurements mentioned under part 203 
2.2? 204 
 205 
Authors: We eliminated the repetitive part from this section.  206 
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 207 
 208 
 209 
Referee: P9216 line 24: Similarly here, it’s like you are describing the measurements again, and therefore 210 
repeating what you mentioned in the previous paragraph. I would suggest shortening this part and 211 
focusing on what’s important: The error in both measurements, and why it gives you confidence that the 212 
difference will show the contribution of the soil and other vegetation. The description of this 213 
measurement now reads as if it was added to the original paragraph in an afterthought. 214 
 215 
Authors: We eliminated the repetitive part from the section and now focus more exclusively on the 216 
potential measurement errors.  217 
 218 
Markup document (page 7): 219 

To estimate the contribution of stand transpiration to total evapotranspiration, we confronted sap flux 220 
derived transpiration rates with eddy covariance derived evapotranspiration rates. As described in Niu et 221 
al. (2015), our methodological approach for estimating sap flux is associated with sample size related 222 
measurement errors of about 14%. The eddy covariance measurements were carried out in carefully-223 
chosen and well-suited locations and focused on daytime observations only, when estimation 224 
uncertainties are commonly low (< 30%, Richardson et al., 2006). The observed differences between 225 
evapotranspiration and transpiration estimates presented in this study are thus likely largely due to natural 226 
rather than methodological reasons.  227 
 228 
 229 
 230 
RESULTS: 231 
 232 
Referee: P9219 line16: this non-significant relationship is that per site or with all the data from all the 233 
sites together? Can you clarify? 234 
 235 
Authors: It is using the respective 3-sunny-day averages from all sites. We now explain this more clearly 236 
in the respective section to separate this analysis (mainly spatial variability) more clearly from the 237 
analysis of the temporal (i.e. day-to-day) variability of oil palm transpiration. 238 
 239 
Markup document (page 10): 240 

However, three medium-aged stands (PTPN6, BO5, and HO2) that showed increased sap flux densities 241 
and leaf and palm water use rates also had higher stand transpiration rates, between 2.0 and 2.5 mm 242 
day−1. Potentially, this could be related to differences in radiation on the respective three sunny days that 243 
were chosen for the analysis. However, there was no significant relationship between average water use 244 
rates on the respective three sunny days in the 15 stands and the respective average radiation (or VPD) on 245 
those days (linear regression, P > 0.05), i.e. observed spatial variability in transpiration among the 15 246 
stands could not be explained by differences in weather conditions. 247 
 248 
 249 
 250 
Referee: P9219 line22: ‘possibly indicate a slight decline’. That sounds quite uncertain.  251 
 252 
Authors: We have removed the sentence from the section.  253 
 254 
Markup document (page 10): 255 
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As for the leaf- and palm-level water use rates, a Hill function explained the relationship between stand 256 
transpiration and stand age (R²adj = 0.45, P < 0.01), but the observed scatter was high, particularly among 257 
medium aged plantations. 258 
 259 
 260 
 261 
Referee: For the rest of paragraph 3.2: a lot of results are given in the text, why not summarize them in a 262 
table or a figure? That would make it easier to refer to later in the Discussion as well. 263 
 264 

Authors: We agree that a summary table is very helpful and added a table summarizing the main results 265 

for all 15 stands (Table 2). It gives an overview of how leaf and palm water use as well as stand 266 

transpiration could be explained by the variables number of plantation age and stand sapwood area; the 267 

table provides results for both the linear fit and using the frequently mentioned Hill function. 268 

We added another table (Table 3), which presents the same results as Table 2, but only for 12 of the 15 269 

stands, i.e. excluding the three stand with much higher water use (PTPN6, BO5, and HO2).  270 

 271 

Markup document: Tables 2 and 3 on pages 30 and 31 272 

 273 

 274 

DISCUSSION 275 
 276 
Referee: P9221 line13: I actually don’t think the observed range compares that well with the one you 277 
mention from the Acacia plantation. Yes, for the other studies you refer to, but the Acacia plants seem 278 
quite higher on average. They are in the same order of magnitude, but 3.9 mm a day is a lot higher than 279 
2.5 mm a day. So I would leave the Cienciala study out of the list of comparable rates. 280 
 281 
Authors: We removed the value of the ‘high density’ Acacia plantation from the text and adjusted the 282 
passage accordingly.  283 
 284 
Markup document (page 12): 285 

Among 13 studied productive oil palm stands (i.e. > 4 years old) stand transpiration rates varied more 286 
than two-fold. The observed range (1.12.5 mm day−1) compares to transpiration rates derived with 287 
similar techniques in a variety of tree-based tropical land-use systems, e.g. an Acacia mangium plantation 288 
on Borneo (2.3mm day−1 for stands of relatively low density, Cienciala et al., 2000), cacao monocultures 289 
and agroforests with varying shade tree cover on Sulawesi (0.52.2 mm day−1, Köhler et al., 2009, 2013) 290 
and reforestation and agroforestry stands on the Philippines and in Panama (0.62.5 mm day−1, Dierick 291 
and Hölscher, 2009; Dierick et al., 2010). 292 
 293 
 294 
 295 
Referee: P9222 line1-13: This could be explained more explicit and why it is of interest to your research 296 
objectives. Also, you seem to have more replicates in the medium aged group, how do you know if the 297 
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variability in this group is not a consequence of having more replicates, rather than the sites being more 298 
variable (Would have more replicates in the older and younger stands not have shown a similar variance 299 
in those age categories?) 300 
 301 
Authors: We agree with the reviewer that this could merely be an issue of higher replication in the 302 
medium aged group, and we adjusted the section accordingly as not to over-interpret our results among 303 
the 20-25 year-old studied plantations.  304 
 305 

Markup document (page 10): 306 

As for the leaf- and palm-level water use rates, a Hill function explained the relationship between stand 307 
transpiration and stand age (R²adj = 0.45, P < 0.01), but the observed scatter was high, particularly among 308 
medium aged plantations. 309 
 310 
 311 
 312 
Referee: P9223 line 2-7: It would be good to be more explicit in how you think the management would 313 
influence evapo-transpiration or transpiration. What would be the mechanics behind it? Different soil 314 
structures because of higher maintenance intensity? Would fertilized palms open their stomata more? 315 
Also the trade- off could be highlighted more, I think that is actually an interesting part of the results and 316 
discussion. 317 
 318 
Authors: We agree that the relationship between water use and management intensity is highly interesting 319 
and tried to discuss in more detail how they might be interrelated. However, to our knowledge no hard 320 
data is available yet for oil palms, i.e. the character of this discussion remains partly speculative.  321 
 322 
Markup document (page 13): 323 

The remaining unexplained variability as well as the high water use rates in the three mentioned stands 324 
could be related to differences in site and soil characteristics. However, all studied stands were located in 325 
comparable landscape positions (i.e. upland sites of little or medium inclination) and on similar mineral 326 
soils, i.e. loam or clay Acrisols of generally comparable characteristics (Allen et al., 2015; Guillaume et 327 
al., 2015). Differences in management intensity could also contribute to the remaining unexplained 328 
variability of stand transpiration rates over age. E.g., on P-deficient soils such as the Acrisols of our study 329 
region (Allen et al., 2015), fertilization can greatly increase oil palm yield (Breure, 1982) and thus total 330 
primary productivity, which could consequently lead to a higher water use of oil palms. Accordingly, the 331 
highest observed transpiration value in our study came from a stand in an intensively and regularly 332 
fertilized, high yielding commercial plantation. Thus, there may be a trade-off between management 333 
intensity, and hence yield, on the one hand, and water use of oil palms on the other hand. This trade-off is 334 
of particular interest in the light of the continuing expansion of oil palm plantations (FAO, 2014) and 335 
increasing reports of water scarcity in oil palm dominated areas (Obidzinski et al., 2012; Larsen et al., 336 
2014) 337 
 338 
 339 
 340 
Referee: P9223 line 9-15: You repeat the results first, which is not bad per se, but I think you can write 341 
the point you are trying to make a bit ‘snappier’. 342 
 343 
Authors: We shortened the respective section and tried to make it less repetitive while putting a stronger 344 
focus on the immediate conclusions to be drawn.  345 
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 346 
Markup document (page 14): 347 

Our eddy-covariance derived evapotranspiration estimates of 2.8 and 4.7 mm day−1 (on sunny days, in 2- 348 
and 12-year old stands, respectively) compare very well to the range reported for oil palms in other 349 
studies: For 34 year old stands in Malaysia, eddy-covariance derived values of 1.3 mm day−1 and 350 
3.33.6 mm day−1 were reported for the dry and rainy season, respectively (Henson and Harun, 2005). 351 
For mature stands, a value of 3.8 mm day−1 was given, derived by the same technique (Henson, 1999). 352 
Micrometerologically-derived values for 45 year old stands in Peninsular India were 2.05.5 mm day−1 353 
during the dry season (Kallarackal et al., 2004). A catchment-based approach suggested values of 3.33.6 354 
mm day−1 for stands in Malaysia between 2 and 9 years old (Yusop et al., 2008); evapotranspiration rates 355 
derived from the Penman-Monteith equation and published data for various stands were 1.32.5 mm 356 
day−1 in the dry season and 3.36.5 mm day−1 in the rainy season (Radersma and Ridder, 1996). The 357 
values reported in most available studies as well as our values overlap in a corridor from about 3 mm 358 
day−1 to about 5 mm day−1; this range compares to evapotranspiration rates reported for rainforests in 359 
South East Asia (e.g. Tani et al., 2003a; Kumagai et al., 2005). Considering that oil palm stands e.g. have 360 
much lower stand densities and biomass per hectare than natural tropical forests (Kotowska et al., 2015), 361 
this indicates a quite high evapotranspiration from oil palms at both the individual and the stand level. 362 
Additionally to the previously discussed relatively high water use of oil palms under certain site or 363 
management conditions, the high evapotranspiration from oil palm can be explained by substantial 364 
additional water fluxes to the atmosphere. These fluxes (i.e. the differences between evapotranspiration 365 
and transpiration estimates) were substantial in both the 2-year old and the 12-year old oil palm stand, i.e. 366 
2.6 and 2.2 mm day−1, respectively. 367 
 368 
 369 
 370 
Referee: Overall, I think that the paragraph 4.2 repeats a lot of results and compares them with other 371 
studies without making a clear statement or conclusion. The Discussion, in my opinion, is the place to put 372 
the results in context. What do these results mean how we think of how these sites function in the tropical 373 
landscape? The answer to that question remains quite implicit like this. 374 
 375 
Authors: We tried to consider this suggestion of the reviewer and rewrote the section, shortening the 376 

repetitive parts and trying to derive more clear, over-arching conclusions from the presented results of our 377 

study and the discussed other studies.  378 

 379 
Markup document (page 16): 380 

Generally, our comparison of eddy-covariance derived evapotranspiration and sap-flux derived 381 

transpiration suggests significant other water fluxes to the atmosphere than transpiration (e.g. from 382 

evaporation) that are still marginal during the morning hours, reach their peak at the time VPD peaks and 383 

are extremely sensitive to decreasing VPD in the afternoon. In our study, transpiration amounted to only 384 

8% and 53% of evapotranspiration in the two year-old and the 12 year-old oil palm stand, respectively, 385 

which is lower than values reported e.g. for mature coconut stands (68%, Roupsard et al., 2006) and 386 

rainforests in Malaysia (8186%, Tani et al., 2003b). The low relative contribution of palm transpiration 387 

to total evapotranspiration in oil palm stands could be due to relatively high water fluxes from 388 

evaporation, e.g. after rainfall interception. Interception was reported to be substantially higher in oil palm 389 

stands in the study region (28%, Merten et al., in revision) than e.g. in rainforests in Malaysia (1216%, 390 

Tani et al., 2003b) and Borneo (18%, Dykes, 1997). The high water losses from interception paired with 391 
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the relatively high water use of oil palms  and the consequent high total evapotranspirational fluxes from 392 

oil palm plantations could contribute to reduced water availability at the landscape level in oil palm 393 

dominated areas, e.g. during pronounced dry periods (Merten et al., in revision). 394 

 395 
 396 
Referee: P9226 line 27: I don’t think the hysteresis is that unusual, and you give the examples before, that 397 
this actually happens in other vegetation types as well. So I would remove the word ‘unusual’. 398 
 399 
Authors: We followed the advice of the reviewer and removed the word.  400 

 401 

Markup document (page 18): 402 

A contribution of stem water storage to transpiration in the morning could be another potential 403 

explanation (Waring and Running, 1978; Waring et al., 1979, Goldstein et al., 1998). It could explain the 404 

early peak followed by a steady decline of transpiration regardless of VPD and radiation patterns, the 405 

decline being the consequence of eventually depleted trunk water storage reservoirs. Other (palm) species 406 

were reported to have substantial internal trunk water storage capacities (e.g. Holbrook and Sinclair, 407 

1992; Madurapperuma et al., 2009), which can contribute to sustain relatively high transpiration rates 408 

despite limiting environmental conditions (e.g. Vanclay, 2009). 409 

 410 

 411 

Referee: P9228line 1-8: This reads as an afterthought to the previous paragraph, better to integrate 412 
it. 413 
 414 
Authors: As suggested, we integrated the mentioned paragraph into the previous one.  415 
 416 
Markup document (page 18/19): 417 

At the day-to-day scale, in all 15 oil palm stands, the response of water use rates particularly to changes in 418 

VPD seemed ‘buffered’, i.e. near-maximum daily water use rates were reached at relatively low VPD, but 419 

better environmental conditions for transpiration (i.e. higher VPD) did not induce strong increases in 420 

water use rates (i.e. 1.2-fold increase in water use for a two-fold increase in VPD). Likewise, for both 421 

photosynthesis rates (Dufrene and Saugier, 1993) and water use rates (Niu et al., 2015) of oil palm leaves, 422 

linear increases with increasing VPD were reported at relatively low VPD, until a certain threshold 423 

(1.51.8 kPa) was reached, after which no further increases in photosynthesis and water use rates, 424 

respectively, occurred. For tropical tree and bamboo species, more sensitive responses to fluctuations in 425 

VPD, i.e. 1.4- to 1.7-fold increases and more than two-fold increases, respectively, have been reported 426 

(e.g. Köhler et al., 2009; Dierick et al., 2010, Komatsu et al., 2010). However, a similar ‘levelling-off’ 427 

effect of water use rates at higher VPD, as observed for the oil palm stands in our study, has been reported 428 

for Moso bamboo stands in Japan (in contrast to coniferous forests in the same region, where water use 429 

had a linear relationship with VPD, Komatsu et al., 2010). The hydraulic limitations ‘buffering’ the day-430 

to-day oil palm water use response to VPD are yet to be explained. As soil moisture was non-limiting, 431 
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they are likely of micrometeorological or eco-physiological nature. The early peaks of water use rates and 432 

the consequent strong hysteresis to VPD on the intra-daily level, which may point to a depletion of 433 

internal trunk water storage reservoirs early in the day as a possible reason for substantially reduced oil 434 

palm water use rates at the time of diurnally optimal environmental conditions, give some first indications 435 

of the direction that further studies could take. 436 

 437 
 438 
 439 
Referee: For paragraph 4.3 I have the same comments as for 4.2 in general. I like how many studies you 440 
compare your results with, but what is your real message, what does this say about these sites that we 441 
need to know? I would recommend rewriting both these paragraphs in a way that this becomes clearer. 442 
 443 
Authors: We tried to consider this suggestion of the reviewer and rewrote both sections, trying to derive 444 

over-arching conclusions from the presented results of our study and the discussed other studies rather 445 

than just enumerating the results.  446 

 447 
Markup document: see rewritten sections 4.2 and 4.3 on pages 14-19 448 

 449 


