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Abstract   The nutrition pot experiments of Pinus carib-
aea and P. elliottii (PEE) were conducted to assess the 
response of chlorophyll (Chl) fluorescence parameters to 
different provenances and measured time. The materials 
were potted seedlings from 16 P. caribaea provenances 
and 4 PEE provenances. The growth of the seedlings 
and the Chl fluorescence parameters were measured in 
July and August 2016 and February 2017, separately. 
The result showed there were significant differences 
among seedlings of different provenances in height and 
diameter (P<0.01). The measured time and species had 
a significant effect on the PSⅡ maximal photochemical 
efficiency (Fv/Fm), while the interaction effect was not 
significant. The Fv/Fm was higher in February 2017 
than in July 2016 and August 2016; the response models 
of measured times of two species were opposite in the 
effective quantum yield (ΦPS Ⅱ), the photochemical 
quenching coefficient (qP) and the apparent electron 

transport rates (ETR). The Chl fluorescence parameters 
of two species were affected by the measured times 
rather than provenances. The growth had a negative 
correlation with Fv/Fm and Fv′/Fm′ in February 2017 in 
examined seedlings according to the correlation analy-
sis. The Chl fluorescence parameters of P. caribaea and 
PEE were inhibited by high light intensity, which might 
not affect the growth. The Chl fluorescence parameters 
in P. caribaea were also inhibited by low temperature, 
which might be related to growth. The Chl fluorescence 
parameters of P. caribaea in February 2017 might be 
indicators of chilling tolerance among P. caribaea indi-
viduals. 
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Introduction

Pinus caribaea, a tree native to North America, has 
three variants: PCC (P. caribaea var. caribaea), PCH (P. 
caribaea var. hondurensis) and PCB (P. caribaea var. 
bahamensis) (Farjon & Styles, 1997). P. caribaea is an 
important commodity tree species in the tropical region 
because of its fast growth, good branching habits, and 
resistance to drought (Li et al. 2015; Guo et al. 2016). 
P. elliottii is native to the southeastern United States 
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warmed moist low-lying areas (Zhou et al. 2012). It is 
adaptable to drought and infertile soil with high survival 
rate of afforestation, achieving high yield, good wood 
quality, and high economic return for cultivation, it is 
one of the main cultivars growing in south China (Li et 
al. 2012; Wei et al. 2016).

The photosynthesis of plants is the basis of organic 
matter synthesis, energy storage and transformation 
(Rozendaal et al. 2006; Dong et al. 2012; Wang, 2015), 
highly depending on light condition. The photosynthetic 
characteristics of plants vary with the specificity and 
adaptability of different provenances. Available chloro-
phyll fluorescence kinetics can be rapid and sensitive, 
noninvasive optical system reflects Ⅱ (PSⅡ) on ab-
sorption of light energy to be transmitted, dissipated and 
distributed in other ways (Zhao et al. 2006; Hentiques, 
2003). Previous studies found that the maximum energy 
conversion efficiency of PSⅡ(Fv/Fm), photochemical 
quenching (qP), the apparent quantum transport rate 
(ETR) for Rhus chinensis gradually decreased with the 
extension and severe drought in summer(Wang, 2008). 
The Fv/Fm, Fv′/Fm′, qP, Φ PSⅡand ETR of P. sylvestris 
were negatively correlated with the degree of salt stress 
(Zhang et al. 2008). Currently, there are few studies on 
the photosynthesis and chlorophyll fluorescence kinetics 
of pine trees (Wang et al. 2016). In this paper, 16 prov-
enances of P. caribaea with three varieties and 4 prove-
nances of P. elliottii were selected, and the chlorophyll 
fluorescence parameters were measured in Guangzhou. 
The aim of this study was to examine the differences 
in chlorophyll fluorescence characteristics between P. 
caribaea and P. elliottii with different provenances. The 
findings from this study will provide insight into species 
selections for fast - growing and cold - tolerant prove-
nances of the two major species in this region.

Materials and methods

Study area

This study was done in the nursery of Guangdong Acad-
emy of Forestry, which is located in subtropical monsoon 

climate zone (23°20′ N, 113°20′ E), with an average 
annual temperature of 21.8 ℃, the absolute maximum 
temperature of 38.1℃, and the absolute minimum tem-
perature of 0 ℃; The annual precipitation is 1 694 mm.

Study materials and experimental design

The test materials included a total of 16 provenances 
from the three variants of P. caribaea, wherein 1-10#, 
12#, 18# are PCH. 1-10# were introduced from Hondu-
ras natural forests, 12# from Australia seed garden, and 
18# from Brazil seed garden; 11#, 13 #, 17 # were PCC, 
11# was originated from natural forests in Cuba, 13# 
from Zhanjiang seed garden, and 17 # from Brazil seed 
garden, respectively; 16# was PCB, cited in Brazilian 
seed garden. 4 provenances of PEE were 21 #, 22 #, 24 
#, 25 #, from Taishan Hongling seed garden, nursery 
in Suixi county, Florida seed garden, and Georgia seed 
garden, respectively. The test seeds were sown in Sep-
tember 2014, and was grown on non-woven bag of 30 
cm diameter (yellow soil as a substrate), the spacing of 
30 cm × 30 cm in August 2015. 

Test methods

A rare cold wave in late January 2016, in Guangzhou had 
a chilling injury to the seedling growth in the nutritious 
bags. In March, 2016, the growth gradually recovered. In 
January 2017, the weather was relatively mild, seedlings 
did not show significant chilling injury in Guangzhou. 

The plant height (cm) and collar diameter (mm) of 
seedlings were investigated for each sample of the P. 
caribaea / P. elliottii plants using the electronic vernier 
calipers and ruler in the late May of 2016 and in the first 
half of 2017.

Chlorophyll fluorescence was measured in late July 
to early August in 2016 and early February in 2017. 
The chlorophyll fluorescence parameters of the leaves 
were determined by the portable photosynthesis sys-
tem (Li-6400-XT, Li- COR, USA) with the modulated 
fluorescent leaf chamber (Li-6400-40). Four healthy 
individuals were selected for each provenance. As 13#, 
17# grows slowly, their chlorometric analysis of the 
chlorophyll fluorescence properties were not carried out. 
For the rest provenances, at the time of 18:00 the day 
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before the determination, the sunning branches of the 
second turn of the tree were selected, and four bundles 
of needles were wrapped with tin foil, and the leaves 
remained dark overnight. The next day at 8: 30-17: 30, 
several chlorophyll fluorescence parameters were first 
measured to represent the dark adaptation, then activate 
light (1 500 μmol·m-2·s-1) for 20 min, the corresponding 
parameters were recorded again to determine the light 
adaptation. The analysis parameters include the ini-
tial fluorescence (Fo), the maximal fluorescence (Fm), 
the maximum energy conversion efficiency of PSⅡ 
(Fv/Fm), the minimum light fluorescence yield (Fo′), 
the maximal fluorescence light (Fm′), photochemical 
quenching (qP), non-photochemical quenching (NPQ), 
PSⅡ effective photochemical efficiency (Fv′/ Fm′), the 
actual quantum yield (Φ PSⅡ) and the apparent quan-
tum transport rate (ETR) . Detail is described by Zhang 
et al. (2014).

Data analysis

Microsoft excel 2010 and SAS 9.4 software was used 
for statistical analysis of test data. 

Results

Seedling growth among different provenances for P. 
caribaea and P. elliottii

There were significant differences (P<0.01) in plant 
height and diameter growth of different provenances of 
P. caribaea and P. elliottii (Table 1). Three variants of P. 
caribaea are generally large in size. The growth of PCH 
was significantly higher than that of PCC, PCB. Except 
12 #, 2 #, the remaining 10 provenances from PCH gen-
erally grew fast. The average plant height of PCH seed-
ling was 63.26 cm and the collar diameter was 13.06 
mm at 20 months after sowing. The average plant height 

Table 1 20 provenances seedling growth of P. caribaea and P. elliottii

Species Variant Provenance
20 months after sowing 28 months after sowing

Height (cm) Diameter (mm) Height (cm) Diameter (mm)
P. caribaea PCH 1# 68.45±14.17 15.34±3.70 101.80±18.88 28.42±6.95
P. caribaea PCH 2# 49.96±16.04 10.14±4.17 87.52±21.70 20.83±7.33
P. caribaea PCH 3# 66.00±12.05 13.83±3.07 101.24±19.93 24.45±5.58
P. caribaea PCH 4# 63.36±13.96 11.78±3.61 108.02±22.20 24.34±6.18
P. caribaea PCH 5# 63.55±13.33 13.25±3.68 109.34±21.87 27.40±6.22
P. caribaea PCH 6# 66.35±11.64 13.56±3.30 108.50±16.75 27.15±6.86
P. caribaea PCH 7# 56.93±12.04 13.44±3.71 99.60±20.27 25.46±5.97
P. caribaea PCH 8# 60.52±15.79 11.99±3.61 105.46±25.08 24.56±7.27
P. caribaea PCH 9# 62.89±13.52 13.64±2.93 99.79±20.55 24.15±6.44
P. caribaea PCH 10# 64.18±13.86 12.13±2.94 103.97±22.32 22.86±6.49
P. caribaea PCH 12# 41.79±12.33 7.86±2.99 75.35±20.16 16.86±6.14
P. caribaea PCH 18# 60.36±18.03 11.67±4.50 103.58±23.44 23.88±7.12
P. caribaea PCC 11# 39.50±9.75 6.75±1.74 64.89±18.62 12.13±3.08
P. caribaea PCC 13# 13.60±6.93 2.67±1.47 27.92±14.76 5.85±2.63
P. caribaea PCC 17# 11.47±4.30 2.28±0.70 20.08±9.22 3.74±1.64
P. caribaea PCB 16# 37.82±10.07 8.20±1.79 79.67±22.76 15.17±3.88
P. elliottii 21# 35.67±14.50 6.50±2.65 55.33±22.89 14.26±5.68
P. elliottii 22# 45.67±16.20 8.37±3.26 71.98±24.47 17.28±7.20
P. elliottii 24# 58.62±11.82 10.84±2.10 83.26±20.19 21.86±6.05
P. elliottii 25# 63.53±13.59 10.56±2.36 87.81±18.29 21.97±6.21

Note: The data in the table is the mean ± s.d. The seeding time is September 2014.
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Note: The y-axis values are the least squares (Lsmeans) and and error bars are the standard errors. Same lowercase or uppercase letters 
on the columns indicate no significant difference between tree species at the levels of 0.05 or 0.01, respectively. The two species 
were seeded in September 2014.

Figure 1 Variations in Chlorophyll fluorescence parameters of P. caribaea and P. elliottii over time since seeding

Table 2 Correlation between growth and chlorophyll fluorescence parameters for P. caribaea and P. elliottii in February

Species Age Index
R

Fv/Fm Fv′/Fm′ ΦPSII qP NPQ ETR
P. caribaea 20 months 

after sowing
Hight 0.255 -0.025 -0.001 0.017 0.390* -0.001

Diameter -0.363* -0.327* -0.154 -0.064 -0.227 -0.168

28 months 
after sowing

Hight -0.075 -0.316 -0.07 0.078 0.277 -0.071
Diameter -0.164 -0.251 -0.143 -0.02 0.038 -0.156

P. elliottii 20 months
 after sowing

Hight -0.649* -0.660* -0.34 0.047 0.477 -0.321
Diameter -0.464 -0.562 -0.237 0.115 0.481 -0.214

28 months
 after sowing

Hight -0.556 -0.506 -0.218 0.094 0.295 -0.193
Diameter -0.558 -0.379 -0.008 0.311 0.105 0.015

Note: “*” Indicates a significant correlation at 0.05 level.

reached 104.14 cm with the diameter of 25.27 mm af-
ter 28 months. Seedlings of PCC variants show lower 
growth than that of PCH although 11 # provenances 
grew relatively fast. 13 # and 17 # provenances were 
the worst among 16 provenances of P. caribaea in plant 
heights and collar diameters, which was much lower 
than that of P. elliottii. In contrast, 16 # from PCB had 
a significantly higher growth than any variants of PCC, 
and grew overpassing 12 # of PCH after 28 months of 

sowing. 21 #, 22 # seedling of PEE grew relatively com-
parable to that of some PCH until within 20 months af-
ter sowing but declined relative to PCH after 28 months 
since seeding (Table 1).

Differences in chlorophyll fluorescence parameters of 
P. caribaea and P. elliottii

The light energy conversion efficiency (Fv/Fm) of the 
maximum PSⅡ of chlorophyll fluorescence varied over 
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growing course (Figure 1), significantly higher in Feb-
ruary than in July and August for both P. elliottii and P. 
caribaea. The Fv/Fm of P. elliottii in February was sig-
nificantly higher than that of P. caribaea, but the differ-
ences were observed in July and August. The Fv′/ Fm′ 
value of P. elliottii in February was significantly higher 
than that of P. caribaea in the same period, and was also 
significantly higher than that of the two species in July 
and August. ΦPSⅡ, qP and ETR showed a consistent 
trend with the change of measurement time and species. 
However, the ΦPS Ⅱ, qP and ETR were significantly 
higher in July and August than in their corresponding 
values in February. In contrast, the ΦPSⅡ, qP and ETR 
were significantly lower for P. elliottii than those for P. 
caribaea in February. Significant differences in the Fv/
Fm were found between P. caribaea and P. elliottii, sug-
gesting the variations in the photochemical mechanism 
of light system Ⅱ with coniferous species.

Variations in chlorophyll fluorescence parameters 
among different provenances for P. caribaea and P. 
elliottii

Measuring time has a significant effect on the Caribbean 
pine ΦPSⅡ, qP (P < 0.01). Except for 12 #, ΦPSⅡfor 
all provenances were higher in July and August than  
in February while the qP for all the provenances were 
higher in July and August then in February (Fig. 2). 
However, there was difference of interactions in Fv/Fm, 
Fv′/ Fm′, NPQ and ETR among measuring time, prove-
nances and their interactions. The significant differences 
in Fv/Fm, Fv′/ Fm′ were found only among four prove-

nances (21#, 22#, 24#, 25#) (P<0.01). That is there was 
a significant difference in the Fv′/ Fm′ measured in Feb-
ruary between 22# and 25#.

Relationship between seedling growth and chlorophyll 
fluorescence characteristics of needle

Twenty months since seeding and height growth for P. 
elliottii showed some negative correlation with Febru-
ary Fv/Fm, Fv′/ Fm′ measurements with the correlation 
coefficient of -0.649 and -0.660, respectively (Table 2, 
Table 3). The height was weakly related to NPQ for P. 
caribaea (R = 0.390). The growth of plant height did not 
show any correlation with the chlorophyll fluorescence 
in July and August. Similarly, no significant positive 
correlation was found between seedling and chloro-
phyll fluorescence parameters stage after 28 months of 
sowing. There was a significant negative correlation be-
tween the height of P. caribaea and the ΦPSⅡ and ETR 
in July and August.

Conclusion and discussion

Plant height and diameter growth significantly varied 
with provenances of P. caribaea and P. elliottii. Except 
for 12 #, 2 #, the rest provenances from PCH are deter-
mined as rapid-growth seed sources, which is consis-
tence with previous studies (He, 2007) although they 
are weak in cold resistance. Compared with PCC, the 
seedling growth of 16# of PCB grew fast. This is related 
to the difference in the time of the peak of the growth 

Table 3 Correlation between growth and chlorophyll fluorescence parameters for P. caribaea and P. elliottii in July to August

Species Age Index
R

Fv/Fm Fv′/Fm′ ΦPSII qP NPQ ETR
P. caribaea 20 months 

after sowing
Height -0.262 -0.092 -0.240 -0.122 -0.055 -0.233

Diameter 0.033 -0.178 -0.158 0.009 -0.018 -0.159

28 months 
after sowing

Height -0.202 -0.181 -0.326* -0.094 0.198 -0.327* 
Diameter -0.077 -0.125 -0.221 -0.049 -0.039 -0.213

P. elliottii 20 months
 after sowing

Height -0.224 -0.422 -0.31 -0.204 0.38 -0.303
Diameter -0.23 -0.547 -0.379 -0.257 0.366 -0.376

28 months
 after sowing

Height -0.294 -0.439 -0.311 -0.196 0.286 -0.307
Diameter -0.456 -0.423 -0.246 -0.124 0.297 -0.234

Note: The data in the table is the mean ± s.d. The seeding time is September 2014.

The growth and chlorophyll fluorescence characteristics of Pinus caribaea and P. elliottii at the seedling stage
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Note: The y-axis values in the figure are the least squares (Lsmeans) and error bars are the standard errors. The same lowercase letters 
on the column indicate no significant difference in the determination of the same tree species at 0.05, respectively. The two species 
were seeded in September 2014.

Figure 2 Differences in Chlorophyll Fluorescence Parameters among provenances of P. caribaea

Note: The y-axis values in the figure are the least squares (Lsmeans) and the error bars are the standard errors. The same lowercase let-
ters on the column indicate no significant difference in the determination of the same tree species at 0.05, respectively. The two spe-
cies were sown in September 2014.

Figure 3 Provenance differences of Chlorophyll fluorescence parameters for P. elliottii

of different provenances (He, 2007). Early studies also 
show that 16 # have no obvious chilling injury pheno-
type after the frost damage. Therefore, it can be used as 
a further breeding material of P. caribaea and cold prov-
enances fast-growing. There were significant differences 
in the growth of four provenances of P. elliottii, 24 # and 
25 # grew faster than 21 # and 22 #. It should be noted 
that the seedling growth varied greatly with provenances 

and variants between P. caribaea and P. elliottii. There-
fore, it is necessary to further explore the phenotype and 
the photosynthetic physiological mechanism of P. carib-
aea and P. elliottii.

Regardless of P. caribaea and P. elliottii, their chloro-
phyll fluorescence parameters in February were affected 
by the measure of time, and varied with species. In the-
ory, coniferous species photosynthesis is active through-

The growth and chlorophyll fluorescence characteristics of Pinus caribaea and P. elliottii at the seedling stage
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out the year, under normal growth, needles Fv/Fm  
values should be at least 8.0 (Gielen et al. 2000). How-
ever, for both P. elliottii and P. caribaea the Fv/Fm 
measured in July, August were less than 8.0, the average 
measured value of Fv/Fm in February for P. caribaea 
is also below 8.0. This suggests that the two species in 
July, August and the P. caribaea in February suffered 
environmental stress. Fv/Fm in spring and autumn was 
significantly larger than that in winter and summer, 
which may be subject to environmental stress in winter 
and summer (Chen et al. 2011; Zhao et al. 2013). It was 
also found that high radiation would inhibit the Fv/Fm  
value of the P. sylvestris conifer in other conditions 
(Sánchezgómez et al. 2006). The light intensity of 1 500 
- 2 000 μmol·m-2·s-1 in the daytime of July and August 
in Guangzhou will be consistent with that of P. elliottii 
and P. caribaea, which is consistent with the previous 
research results (Sánchezgómez et al. 2006). In July and 
August, the chlorophyll fluorescence parameters of P. 
caribaea and P. elliottii were not very different, which 
might be similar to that of the two species. The Fv/Fm 
and Fv′/ Fm′ measurements in February were signifi-
cantly higher than those in July and August, indicating 
that the stress caused by high light intensity in Guang-
zhou could be more severe than that caused by low tem-
perature in February. In February, the Fv/Fm, Fv′/ Fm′, 
ΦPSⅡ, qP, ETR of P. elliottii were significantly larger 
than those of P. caribaea. This is due to P. caribaea is a 
tropical species, it is suitable for planting in our country 
to the north to 23°N (Zhong, 2008). The low tempera-
ture in February caused a degree of coercion to P. carib-
aea to a certain extent. The adaptability of P. elliottii in 
China can be distributed to 33° - 20° N. The effect of 
low temperature on wet slop in February is relatively 
small. In addition, ΦPSⅡ, qP, ETR parameters showed 
significant interaction between time and tree species, 
indicating that the responses of the two species to high 
light intensity and low temperature are different.

The Fv/Fm, Fv′/ Fm′, NPQ, ETR were not significant-
ly affected by the measured time and provenance, and 
the chlorophyll fluorescence characteristics of different 
provenances were not significantly vary. The ΦPSⅡ 
and qP were significantly larger than those in July and 

August, and the response to temperature change was 
consistent. The Fv/Fm and Fv′/ Fm′ of the four prove-
nances of P. elliottii in February were more than those in 
July and August, and the difference of Fv′ / Fm′ of 21# 
was smaller. The differences in chlorophyll fluorescence 
parameters between the tree species showed that the 
responses of P. elliottii and P. caribaea were not con-
sistent with the stress. Previous studies have found that 
chlorophyll fluorescence parameters of the same spe-
cies are mainly affected by the environment (Hu, 2007; 
Weng et al. 2013). There was no significant difference 
between the two species in this study. The difference 
between the provenances was not significant, which was 
consistent with the previous results. The chlorophyll 
fluorescence parameters of the tested materials may be 
affected by genotype relatively small.

Fv/Fm and other chlorophyll fluorescence parameters 
are generally not related to growth, only related to stress 
(Wei, 2007). In this study, the growth of P. caribaea and 
P. elliottii was significantly correlated with the chloro-
phyll fluorescence parameters in February, due to the 
weak cold tolerance of fast-growth provenances. The 
growth in May 2016 may be affected by the cold spells 
in late January 2016. The temperature is relatively low 
in February 2017. Measured indicators can reflect the 
effects of low temperature. Therefore, the measured pa-
rameters in February 2017 were strongly correlated with 
the growth in May 2016 (Fang, 2011). It is considered 
that the chlorophyll fluorescence parameters measured 
in February will be used as the screening index for P. 
caribaea. There were no significant correlations be-
tween Fv/Fm and other parameters measured in July and 
August. This is because the high light intensity has no 
effect on the growth of P. caribaea and P. elliottii. The 
ΦPSⅡ and ETR measured in August were negatively 
correlated with individual growth. It is considered as a 
photosynthetic physiologic index for screening good in-
dividuals grown in P. caribaea.
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